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ARTICLE INFO ABSTRACT

This study investigates the Al203 coatings' hydrophobic properties on glass slides utilizing a dip coating
process and solvents containing acetone, polyvinyl alcohol (PVA), and ethanol in various compositions. The
experimental design uses dip coating techniques to systematically apply Al203 coatings on glass slides.
Accepted: 26 Feb 2025 Coating on glass slide is done by mixing Al203 with a solution of firstly ethanol in different composition
5%, 10% and 15%. Secondly Al203 is mixed with ethanol along with polyvinyl alcohol in different
composition 5%, 10% and 15%. Thirdly Al203 is mixed with ethanol, polyvinyl alcohol and acetone in
different composition 5%, 10% and 15%. The hydrophobic property of based material Al203 enhanced and
these enhancements is compared with different characterization of contact angle test, FTIR test and XRD
analysis. Coating solution is prepared after weighing by analytical balance machine and mixing is done with
help of magnetic stirrer and batch sonicator. Finally, sample is dried for 24 hrs and then heat treatment is
done in Hot Air Oven between 250 -300-degree centigrade temperatures.
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INTRODUCTION

Hydro phobicity also represents ability of surfaces to repel water, is an essential topic in a variety of fields,
including biology and manufacturing. Due to its widespread use in this context, research efforts are
concentrated on enhancing the hydrophobic characteristics of glass. [1]. Aluminum oxide (Al.O3) possesses
distinct features for instance, chemical resistance and hardness, making it an interesting candidate for use as a
hydrophobic coating. The researchers compare and contrast two popular coating techniques, dip and spray
coating, using glass slides as a case study. [2]. It is essential to comprehend the effectiveness of these strategies,
which have clear benefits, in order to develop targeted apps. Additionally, the study looks at solvents that are
essential to the coating process, like ethanol, polyvinyl alcohol (PVA), and acetone [3]. The unique features of
each solvent influence how the aluminum oxide layer interacts with the glass substrate. The purpose of this
research is to improve glass surfaces for a variety of practical applications by providing insight into the
complicated dynamics of hydrophobicity augmentation through a complete comparative investigation.[4].
Hydrophobicity, or a material's natural dislike to water, has become an important attribute in a variety of
industries, including healthcare and manufacturing. The glass is used extensively in many different industries,
and efforts to make it more hydrophobic are becoming more and more popular. In response, aluminum oxide
has emerged as a potential coating material due to its hydrophobicity and ability to efficiently modify surface
properties. This study's main objective is to look at the hydrophobic properties of aluminium oxide coatings on
glass slides. This study compares the two most prevalent coating methods: dip and spray coating. [5].
Additionally, the study looks into how several solvents, including acetone, ethanol, and polyvinyl alcohol, impact
the coated glass surfaces' hydrophobicity. [6]. The diversity of hydrophobic glass surfaces demonstrates their
value. Making glass more hydrophobic has the ability to reduce stickiness and eliminate water stains in
commercial settings, as well as make buildings easier to clean oneself. This study emphasizes on the complex
interplay between coating processes, solvent selection, and the amount of aluminium oxide applied to glass
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surfaces in order to obtain optimal hydrophobic properties. [7]. It is essential to compare dip and spray
techniques in-depth in order to fill in the information gaps. Although each technique has benefits,
understanding how each one functions with different solvents is essential to making an informed choice in
practical situations. [8]. Along with the materials and techniques employed in the investigation, it also
incorporates the features of the time and place. In order to produce hydrophobic glass surfaces, the next
chapters will provide a thorough assessment of the comparative analysis, illuminating the complex interactions
between solvent choices, coating procedures, and aluminium oxide coatings. [9].

To determine how much more effective dip coating is than spray coating in making glass surfaces hydrophobic.
The goal is to investigate the effect of various solvents on the hydrophobic characteristics of aluminium oxide-
coated glass slides, with a focus on acetone, polyvinyl alcohol (PVA), and ethanol. [10]. Determine the best
coating technique and solvent for enhancing glass surfaces' hydrophobic characteristics. The goal is to shed light
on the complex interplay between coating techniques, solvent selection, and aluminium oxide coatings so that
useful information may be shared across multiple sectors. [11]. Together, these goals make sure that, regardless
of the method or solvent used, we learn as much as possible about how aluminium oxide coatings affect glass
slides' hydrophobicity. This study may provide valuable insights for researchers, engineers, and practitioners
that aim to customize hydrophobic properties on glass surfaces for specific purposes.

METHODS

Before beginning any glass slide preparation, the standard glass slide used in the experiment lab is selected,
verified, and cleared to provide a uniform surface. Aluminium oxide was dissolved in a range of solvents, such as
acetone, polyvinyl alcohol (PVA), and ethanol, to form the experimental solution. This solution was then
employed as a coating material on the surface of a glass slide. [12]. Two distinct coating procedures that have
been used in practice are dip coating and spray coating. In the dip coating process, the glass slides were dipped
into the aluminium oxide solution and progressively taken out to achieve a nominal coating thickness. [13].
Furthermore, a glass slide is coated utilising a spray coating method with the help of a spray gun and a
compressor, which provide a thin layer of an aluminium oxide solution sprayed at the proper distance. The
experimental design systematically installs Al-O; coatings on glass slides using dip coating techniques. Coating
on glass slide is done by mixing Al-Os with a solution of firstly ethanol in different composition 5%, 10% and 15%
.Secondly Al.Oj; is mixed with ethanol along with polyvinyl alcohol in different composition 5%, 10% and 15%.
Thirdly Al.O; is mixed with ethanol, polyvinyl alcohol and acetone in different composition 5%, 10% and 15%.
Using a contact angle goniometer, the hydrophobicity of coated and untreated glass slides was assessed by
determining the contact angle that the water droplets formed on the surfaces. The surface energy estimates were
later built using the contact angle data. Based material Al.O3's hydrophobic property was improved, and this
improvement was compared to other characterizations using FTIR, XRD, and contact angle tests on a glass slide

setup.

1. Glass Slide Preparation

To provide a consistent and clean surface for the subsequent coating techniques, glass slide preparation is a
crucial first step. The regular glass slides are selected for their uniform size, and any imperfections or
abnormalities are closely inspected. Its non-porous characteristic causes it to reject water. Usually, the surface of a
glass slide is hydrophobic, which means that water droplets bead up and roll off since it has no attraction for
water. Making ensuring the initial surface is homogeneous and free of contaminants that could adhere to the glass
slide surface is the goal. Following the observation, the glass slides are meticulously cleaned. [17]. Fig. 1
demonstrates how to prepare glass slides for coating. A appropriate solvent is typically employed as part of the
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multi-step process to remove any contaminants or leftover oils. After that, they could utilize ultrasonic cleaning or
another method to get rid of any last traces of dirt on the slides to ensure they are immaculate. The contact angle
of a particle with good wetting capabilities should be near o degrees. This shows that the liquid spreads out rather
than beads up, effectively wetting the surface. Good wetting is indicated by a modest contact angle, which
indicates a strong attraction between the liquid and the surface. It is important to closely monitor the glass slide
preparation procedure prior to applying aluminium oxide coatings. The uniformity of coating adhesion, and the
ability to replicate consistently and reliably.

Apply Dip & Spray Sanple Dried for
i Yhrs

Take glassside Jpmm™gd Clea i yih fhimaer — Allow to get dry

Fig. 1. Glass Slide Preparation for coating.

2. Coating using Aluminium Oxide:
A. Dip Coating Technique:

The glass slides that have been made are submerged in a solution that contains dissolved aluminium oxide in the
dip coating process. Precise management of the immersion is necessary to obtain a uniform and consistent
coating on the glass's surface [18]. Both the speed of removal and the length of immersion are significant
determinants of the coating's thickness and quality. With this method, homogeneous coatings on intricate
geometries are easier to achieve than ever before.

B. Spray Coating Technique:

Using the spray coating method, an aluminium oxide solution is applied to the glass slides in the form of a fine
mist or spray. A significant benefit of this technology is its potential for large-scale, high-speed applications. To
obtain the appropriate coating thickness, the spray system is fine-tuned and the nozzle's distance from the glass
surface is adjusted to scatter the coating material evenly. [19]. Spray coating is the best option for surfaces with
several dimensions or those that are complex.

C. Solvent Selection:

The solvent used in aluminium oxide coating has an impact on several aspects of the process. These include the
viscosity of the solvent, the evaporation rate, and the interaction of the coating material with the glass substrate.
Three distinct solvents were examined in this investigation:

i. Ethanol:

Ethanol is a versatile solvent that evaporates slowly, making it a popular choice for many applications. Its choice
was influenced by its controlled and consistent coating qualities as well as its effectiveness at dissolving
aluminium oxide.

ii. Polyvinyl Alcohol (PVA):

Additional solvents include polyvinyl alcohol, a water-soluble polymer. The exceptional film-forming properties
are just one of the unique features that set PVA apart. PVA is utilised to examine the impact on the aluminium
oxide coating, adding innovative solvent chemistry to the mixture.
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iii. Acetone:

Acetone dissolves aluminium oxide quickly, making it a useful solvent for this purpose. Acetone is utilised to
introduce a solvent with a specific volatility profile in order to compare its effect on the coating process.We intend
to learn more about the various effects on the aluminium oxide coating by considering the characteristics of each
solvent and its interactions with the glass substrate. Fig. 3 displays glass slides that are hydrophobic. This
comprehensive approach provides a full understanding of how different solvents alter the hydrophobic properties
of coated glass slide.

Polyvinyl
Alcohol

Acetone

Ethanol

Apply sobvent on

irregularities Hydrophobic Glass

Slides with AIZO3 Hydrophobic Glass
Coating Slides

Fig. 2. Hydrophobic glass slides
RESULTS AND DISCUSSION

Calculation of data

For calculation of hydrophobicity three solution of Ethanol, Polyvinyl alcohol and Acetone aa solvent using dip
coating and spray coating techniques along with aluminium oxide as coating material

Standard Data:

Density of Ethanol = 0.78929 g/ml

Density of Polyvinyl alcohol (PVA) = 1.269 g/ml

Density of Acetone = 0.7900 g/ml

Case I- Standard solution is prepared by taking 50 ml of Ethanol along with aluminium oxide
p= mass / volume

Mass of ethanol = 0.78929 * 50 = 39.46 kg

5% of Ethanol =1.97 g

10% of Ethanol = 3.946 g

15 % of Ethanol = 5.919 g
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Case II- Standard solution is prepared by taking 50 ml of Ethanol and Polyvinyl alcohol along with aluminium
oxide.

p= mass / volume

Mass of PVA = 1.269 * 50 = 63.45 kg
5% of PVA =3.1725¢g

10% of PVA =6.345¢g

15% of PVA=9.51¢

Case III - Standard solution is prepared by taking 50 ml of Acetone and Polyvinyl alcohol along with aluminium
oxide.

p= mass / volume

Mass of Acetone = 0.7990 * 50 = 39.95 g
5% of Acetone =1.99 g

10% of Acetone = 3.995 g

15 % of Acetone = 5.992 g

Table 1. Represent solvent with different composition with its density.

Solvent Density 5% 10% 15%
Ethanol 0.78929 1.97g 3.946 g 5.919¢g
Polyvinyl 1.269 5.1425¢ 10.291 g 15.429 g
alcohol (PVA)
+Ethanol
Acetone + 0.7900 5.1625¢g 10.34 9 15.502 g
(PVA)

’_A P - NV VNNV VAV LLO O OO O B
Hydrophillic Surface Hydrophobic Surface Overhydrophobic Surface Superhydrophobic Surface
0 <300 90° 0 < 120° 12006 < 150° 0>150°

Fig. 3. Contact angles of hydrophobicity.
Table 2. Represent solvent with different composition with its contact angle.

Solvent % Composition Contact Angle
5 97.6
Al:0; + Ethanol 10 98.7
15 99.8
5 99.6
Al-03; + Ethanol + 10 102.7
PVA 15 103.8
5 101.6
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Al-:03 + Acetone + PVA 10 103.7
15 103.8
W % Composition M % Composition
I Contact Angle (degree) I Contact Angle

Fig. 5. Represent graphical representation of
Al>O3 + Ethanol +PVA in different
composition with contact angle.

Fig. 4. Represent graphical representation of
Al:O3 + Ethanol in different composition with
contact angle.

'

M % Composition

W Contact Any

Fig. 6. Represent graphical representation of

Al:O3 + Acetone +PVA in different Fig. 7. Represent graphical representation of
composition with contact angle. Al:O3 + Ethanol +Acetone +PVA in different

composition with contact angle.

Glass slide XRD

On hydrophobic glass slides coated with Al.O3, we examined the Dip and spray coating processes employ ethanol,
polyvinyl alcohol (PVA), and acetone as solvents. Our initial goal was to use X-ray diffraction (XRD) analysis to
comprehend the structural characteristics of the coated glass slides. The experimental procedure started with
hydrophobic coating of glass slides and proceeded to dip and spray Al.O; applications. Three solvents were chosen
to transfer the Al.O; layer: acetone, polyvinyl alcohol, and ethanol. Using XRD analysis, the coated samples'
crystalline structures were further investigated. The XRD signals showed clear differences in the crystalline
structures on surface of material. The peak positions along with intensities XRD spectra were seen to be strongly
influenced by the coating material.

The final crystal formations varied as a result of the diverse ways that several solvents, including Acetone, ethanol,
and PVA all reacted with the Al.Oj coating. Lastly, this comparative XRD investigation illustrates the intricate
interactions that occur between Al.O; - coated hydrophobic glass slides' structural characteristics and coating
methods and solvents. The outcomes highlight how crucial it is to properly choose the coating method and solvent
to achieve the required crystallographic characteristics, which helps optimize hydrophobic coatings for a variety of
applications.
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Fig. 8. XRD analysis of Glass Slide with Al-Os.
CONCLUSION

e In this paper we have discuss hydrophobic behavior of aluminium oxide by mixing with different solvent
such as ethanol, acetone and polyvinyl alcohol in different composition 5%,10% and 15% with its density
in solution of aluminum oxide along with respective solvent.

e Result depicts as we increase the % concentration from 5% to 15% in each different solvent solution of
aluminum oxide the contact angle shows increase which predicts increase in hydrophobic behavior of
aluminum oxide.

e In solution of Al-O3; + Ethanol contact angle increases from 97.6 © to 99.8 ©, Similarly in solution of Al-O;
+ Ethanol + PVA contact angle increases from 99.6° to 103.80.Likewise in solution of Al.O; + Ethanol
+PVA contact angle increases from 101.6° to 103.8°.From above result we can predict that contact angle
increase shows hydrophobic behavior increase.

e Also, the peak obtained in XRD graph shows increase in hydrophobic behavior of aluminium oxide.

e Different concentration changes show variation in analysis of XRD graph which is a clear indication of
hydrophobic behavior increase.
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