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Abstract 

 

In this project we are modifying normal windshield into wiper-free windshield. Wiper-free windshield is the windshield which can 

operated under different climatic conditions without using wipers and wiper motor. This was an improvement over a normal 

windshield, where wipers and wiper motors were removed. Due to wiper’s operation visibility gets reduced. The lack of visibility 

caused due to the continuous rainfall, mist and fog formation, so the driver losses his visibility. A normal windshield is replaced 

into wiper-free windshield by the concept of super hydrophobicity of lotus effect. Hence by this concept aerodynamic gets 

increased, so the fuel consumption of a vehicle gets reduced. In additional to this lotus effect we are adding titanium oxide instead 

of silica sand, for the purpose of better visibility and UV protection. In titanium oxide the superhydrophobic character can be 

implement and contact angle of >150o. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Considerable effort has been devoted to improvements of the basic performances of automobiles such as drivability, safety and 

environmental protection. One such area of interest has always been safety on road. The wipers in the modern automobiles create 

difficulties such as interfering with vision during inclement weather, proper maintenance, and added weight to the car due to the 

components of its mechanism and aesthetically unpleasant. 

The combination of various technologies such as mechanics, material science, and optics results in making automobiles safer 

and more comfortable. Among these technologies, surface and coating technologies are utilized in several fields of application. 

Superhydrophobic films have a wide spectrum of applications; they are used not only for resisting water and fog condensation, but 

also for preventing contamination. With the development of technology their applications have extended to newer fields, such as 

biocompatibility, lubricity and durability of materials. 

To eliminate wiper, we need to understand the surface and the structure of the windshield, which is, laminated glass. Surface 

wettability is described by contact angle, defined by Young’s equation. For a given system there are two basic approaches to 

increase the contact angle. One is to change the surface chemistry that can lower the surface energy sufficiently, which is generally 

referred to as the chemical method. The other is to increase the surface roughness so as to increase the true or effective surface 

area resulting in an increase in nominal surface energy, which is known as the geometrical method. For the formation of 

superhydrophobic films or coatings, modification of surface chemistry is always combined with surface roughness enhancement. 

As for the chemical method, fluorine is the most effective element for lowering the surface free energy because it has small atomic 

radius and the biggest electronegativity among all atoms, so it forms a stable covalent bond with carbon, resulting in a surface with 

low surface free energy. 

II. THEORETICALLY EXPERIMENTAL 

 Film Preparation 

The sol–gel method is used to prepare the TiO2/SiO2 

Composite films. Tetraethylorthosilicate (TEOS, 1 mol) in 20 mol ethanol is hydrolyzed containing 0.2 mol HCl for 1 h used as 

TEOS precursor solution. Then 1 mol tetrabuty- lorthotitanate (TBOT) is dissolved in a solution of 58 mol ethanol used as TBOT 
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precursor solution. Then TEOS and various  amounts  of  TBOT  precursor  solution  are  mixed together  and  further  quantities  

of  HCl  catalyst  are  added (TBOT/HCl = 1:0.5 in molar ratio). The content in mol% of SiO2 is varied from 0 to 50%, respectively. 

Silicate glass plates (25   75   2 mm) are used as the support substrates.  The  glass  plates  are  washed  in  water, acetic  acid  

and  ethanol,  respectively.  The coatings are prepared by a dip-coating method.  The gel coatings are dried at 200 jC for 30 min 

and then heat-treated in air. The temperature is elevated slowly (2 jC min 1) to 650 jC and kept at 650 jC for 1 h.  Repeating the 

cycles from with- drawing to heating increases the thickness of the films. All the samples for characterizing are repeating two 

dipping cycles. The average thickness of the films is calculated by means of the weight increase of the films. According to the 

Weight, square and density of the deposited films, the average thickness of each dipping cycle can be calculated. X-ray diffraction 

(XRD) is used to identify the structure of the films. 

 Characterization of Photocatalytic Property 

The photocatalytic property of the films was evaluated by examining oxidation of CH3COOH on the surface of films under UV 

irradiation.  The samples were put into the aqueous CH3COOH (0.001 mol 1 1) in a quartz cell. The samples were irradiated 

through windows along the normal direction with 20 W black light bulb.  The UV intensity irradiated to the sample surface is about 

0.8 mW/cm2 with about 365 nm wavelength. During irradiation, the solution was bubbled with oxygen. The concentration of 

CH3COOH was determined by gas chromatography every 30 min. 

 Characterization of Hydrophilic Property 

The hydrophilic property was evaluated by measuring the contact angle of a water droplet on the films under an ambient condition 

of 5–12 jC in air atmosphere. The UV source, intensity and wavelength struck on the surface of the sample are the same as 

mentioned above. Contact angle measurements were made in air using the sessile-drop method.  A  droplet  was  injected  on  the  

surface  using  1  A1 micro-injector.  Assuming  that  the  geometry  of  the  sessile drop  is  a  spherical  section,  the  contact  

angle  could  be estimated  by  measuring  the  spreading  diameter  of  the contact circle using a reading microscope. 

 Characterization of Self-Cleaning Effect 

The film has hydrophilicity immediately after production.  In order to evaluate the self-cleaning effect and the conversion to 

hydrophilicity, the films were put in a dark place for 2 weeks before the measurements so as to be slightly contaminated and turned 

hydrophobic on the sur- face.   X-ray   photoelectron   spectroscopy (XPS) was employed to obtain the C1s/ (Si2p + Ti2p) ratio of 

the films to evaluate the self-cleaning effect caused by the UV light irradiation as is mentioned above. Ultraviolet–visible 

spectrophotometer (UV–VIS) is employed to measure the transmittance. 

III. PREPARATION METHODS 

 Method 1 

Sol-gel processing: Three types of silica or organically modified silica are prepared and referred to as sol A., sol B, sol C. Sol A 

was prepared by admixing Tetraethyl Orth silicate (TEOS) and Methacryloxypropyltrimethoxysilane (MPS) in a molar ratio of 

95:5 with HCl as catalyst. First TEOS was partially hydrolyzed with a deficient amount of water and HCl in a solution with a molar 

30 minutes. 

Sol B was made by mixing TEOS and methyl triethoxysilane (MTES) in a molar ration of 1:1 with NH4OH as catalyst. First 

water) and more water were added into the sol to adjust the pH value to 8-9, and the sol was further 15 minutes. 

Sol C was made by mixing TEOS and ethanol with NH4OH (30% in water) as catalyst. First 3ml of NH4OH was added into 

50ml ethanol and was stirred 

of stirring, and the final sol C was obtained. 

All the 3 sols were diluted with ethanol in a volume ratio of sol-ethanol of 1:1 prior to coating. All films were made by dip 

coating sols on respective glass substrates. After coating the samples were dried under ambient condition for 5 minutes and then 

 

 
Fig. 1: Schematics of Possible Microstructures & Surface Morphologies of film A, B & C 

The surface chemistry of all films was modified with self-assembly monolayer (SAM). SAMs of Chlorotrimethylsilane (CTMS) 

and Trideca-fluoro-1, 1, 2, 2- tetrahydrooctyldimethylchlorosilane (TFCS) both form covalent chemical bonds with the substrate 

surface. Prior to self-assembly half of sol-gel derived films were subjected oxygen plasma etching (100 mbar). 
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All the films are defect – ed. The films also appear 

smooth macroscopically and also have a good optical transparency and low reflection. Fig 3. shows the optical transmittance 

spectra of films A, B,C. 

The optical transmittance of all the films is higher than 90% within the wavelengths ranging from 400 to 900nm. Transmittance 

of film A and B is the highest whereas the transmittance of C is lower than that of A and B. However, transmittance of all the 3 

films is greater than that of the bare substrate. Transmittance of film C is the smallest, which can be attributed to the relatively 

larger silica Nano particles (~100nm in dia) and the presence of more open space with size close to the wavelength of visible light 

resulting in more scattering. 

 
Fig. 2: Transmittance spectra of film A, B, C as a function of wavelength 

 Method 2 

Superhydrophobic surface via embedding Nano-silica: In this method we describe a simple way to fabricate the optically 

transparent superhydrophobic surface via embedding Nano-silica. 

The coating solution of epoxy was prepared as follows: 5.0g diglycidyl ether of bisphenol A and 1.0 g 2,5-diamino-3, 6-

dimethylmercaptotoluene was dissolved in 100 g acetone. 

The solution of epoxy was diluted to 0.5wt% before use. The coating suspension of Nano- silica was prepared as follows: 1.0 g 

Nano- -aminopropylmethlydimethoxysilane (YDH-660). The 

suspension was vibrated by the ultrasonic washer for 1 hr then stirred for 2 hr at room temperature and diluted to 0.75wt%, 

0.50wt%, 0.25wt% and 0.1wt% respectively. 

The superhydrophobic surface was prepared as follows. The coating solution of epoxy was coated on glass that had been washed 

by acetone by spin coating at 1000rpm for 10 seconds and kept at room temperature and then the coating suspension of Nano-silica 

fluoroalkyltriethoxysilane. 
Table – 1 

The Contact Angle on the Surfaces of Samples 

Concentration Nano-

TiO2 

Wt. (%) 

Static 

Angle 

( o ) 

Advancing 

Angle 

( o ) 

Receding 

Angle 

( o ) 

Hysteresis of Contact 

Angle 

( o ) 

Sliding Angle for 10µL water 

droplet 

( o ) 

0 105 104 32 76 >20 

0.1 112 113 50 64 >20 

0.25 121 124 63 58 >20 

0.50 138 156 106 49 >20 

0.75 159 167 127 45 >20 

1.0 170 174 151 19 10.4 

Table 1 show the static contact angles, dynamic contact angles on the surfaces of the samples and the images of water droplet 

on the surfaces of samples. The hydrophobic ability of samples depend on the concentration of the Nano-silica suspension. The 

static contact angles and receding contact angles of samples increase with the increase in concentration of Nano-silica because of 

the roughness caused by the Nano-silica. The glass surface modified by the suspension of 1.08wt% of Nano-silica shows the static 

-microlitre water droplets. Fig 3 shows the transmittance of the 

samples of light at 500nm wavelength. 
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Fig. 3: Shows the Transmittance of Light at 500nm Wavelength 

The transmittance of all samples at visible light wavelengths of more than 99%. The superhydrophobic thin films show the 

ability to be almost transparent for visible light. Fig 6 shows the chemistry of the coating procedures as follows: First, the 

dimethoxysilane groups reacted with the hydroxyl groups on the Nano-silica surface through dehydration reaction, show the 

organic tails is easy to be dissolved in ethanol. Under ultrasonic vibration, the Nano-silica was surrounded by organic “tails” and 

then was dispersed uniformly in ethanol. Secondly, amino groups of YDH-660 can react with epoxy groups of resin coating. So, 

Nano-silica was fixed on the glass surface (shown in fig4). 

 
Fig. 4: Shows the Preparation of Superhydrophobic Surface 

The superhydrophobic surface has more than 99% transmittance for light at 500nm wavelength. 

IV. CONCLUSIONS 

Optically transparent superhydrophobic silica-based films on glass substrates have been explained by a combination of chemical 

and geometric approaches. All the films have a transmittance of visible light higher than 90%. Surface modification is done by 

self- assembly. The nanometer roughness was found to be good to retain the optical transparency and to reduce the surface 

reflection. The best adv -hydrophobic 

surfaces, which were prepared via embedding Nano-silica, show the high transmittance for visible light and nanoscale structure. 

The surface has the high s

applications that will eliminate the necessity of having wipers in automobiles. 

From above illustrate silica-based and TiO2 based films are suitable for the superhydrophobic character. But when compare to 

other substances like SiO2, ZnO, and calcium carbonate TiO2 is best and suitable for superhydrophobic character.  TiO2 coating 

showed best the contact angle of 1700 and sliding angle of 10.4o. 

But coating life time is not that much long so, the advisable one conclusion of this investigation is only the structure change of 

glass manufacturing. Then due to the structure changes the windshield remains un-change in its view. Only the microscopic view 

is possible. For the purpose of better visibility and UV protection in automotive windshield are higher by only TiO2 Nano particles. 
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