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Abstract: The hydrophobic effects of Al-Os coatings on glass slides are investigated in this work
by comparing dip and spray procedures using three distinct solvents: acetone, polyvinyl alcohol
(PVA), and ethanol. Using both dip and spray techniques, the experimental design systematically
applies Al-Os coatings on glass slides. Then, the effect of the chosen solvents on hydrophobicity
is investigated. Delineating the complex interaction between coating processes and solvent options
requires careful analysis of each solvent and regulated application. Measuring the hydrophobicity
of coated glass surfaces, which includes the contact angle, allows for quantitative insights into
their water-repellent characteristics. Coating efficiency, homogeneity, and the consequent
hydrophobic properties are all part of the comparison examination. The study's findings assist in
choosing the best methods for customizing hydrophobic characteristics on glass surfaces for
various uses and add to our knowledge of surface modification procedures in general.
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Introduction

Investigating hydrophobicity, or surfaces' abilities to reject water, is of great importance in many
fields, including biology, manufacturing, and many more. Because of its pervasiveness in this
setting, glass is the object of studies that try to improve its hydrophobic properties [1]. The unusual
characteristics of aluminum oxide (Al20s), such as its hardness and chemical resistance, make it
an attractive candidate for use as a coating to produce hydrophobicity. Using glass slides as a case
study, the research compares and contrasts two popular coating methods: dip coating and spray
coating [2]. In order to develop targeted applications, it is essential to comprehend the effectiveness
of these strategies, which provide clear benefits. Additionally, the study considers solvents,
including acetone, polyvinyl alcohol (PVA), and ethanol, all of which are crucial to the coating
procedure [3]. The way the aluminum oxide coating and glass substrate interact is affected by the
specific properties of each solvent. The purpose of this work is to optimize glass surfaces for
various practical applications by shedding light on the complex dynamics of hydrophobicity
improvement through a thorough comparative analysis [4]. From healthcare applications to
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manufacturing operations, hydrophobicity the inherent aversion of materials to water—has
become an essential attribute in several sectors. The ubiquitous glass is widely used in these fields,
and there has been a growing interest in ways to improve its hydrophobic properties. Because of
its hydrophobicity and ability to efficiently alter surface characteristics, aluminum oxide has arisen
as a viable coating material in reaction to this. Examining the hydrophobic impact that aluminum
oxide coatings on glass slides impart is the main objective of this investigation. The two most
common coating methods, dip coating and spray coating, are compared in this investigation [5].
The research also looks at different solvents, such acetone, ethanol, and polyvinyl alcohol, affect
the hydrophobicity of the glass surfaces that were coated [6]. The versatility of hydrophobic glass
surfaces highlights their importance. The potential benefits of making glass more hydrophobic
range from making it less sticky and preventing water stains in commercial settings to making it
easier for buildings to clean themselves. The complex relationship between coating methods,
solvent choice, and the amount of aluminum oxide applied to glass surfaces in order to produce
desirable hydrophobic effects is the focus of this research [7]. In order to fill the current knowledge
gaps, it is crucial to conduct a thorough comparison of dip and spray approaches. While there are
benefits to each approach, making an educated selection in real-world scenarios requires a detailed
analysis of how each strategy works with various solvents [8]. It also specifies the time and place
parameters, as well as the materials and methodologies used in the study. In order to achieve
hydrophobic glass surfaces, a systematic examination of the comparative analysis will be presented
in the next chapters, providing light on the complex interplay of aluminum oxide coatings, coating
methods, and solvent selections [9]. In order to find out how much better dip coating is than spray
coating at making glass surfaces more hydrophobic. The objective is to examine the effects of
various solvents on the hydrophobic properties of aluminum oxide-coated glass slides, with a focus
on acetone, polyvinyl alcohol (PVA), and ethanol [10]. Determine the best coating method and
solvent to increase glass surfaces' hydrophobic characteristics. The goal is to shed light on the
complex interplay between coating techniques, solvent choice, and aluminum oxide coatings so
that useful knowledge may be disseminated across many sectors [11]. All of these goals are
working together to make sure that we learn everything we can about the effects of aluminum
oxide coatings on the hydrophobicity of glass slides, regardless of the method or solvent used to
apply them. Researchers, engineers, and practitioners interested in customizing hydrophobic
characteristics on glass surfaces for particular uses might find useful insights in the work.

Materials and Methods

In order to begin preparing the glass slides, standard glass substrates of the required size were first
carefully chosen, examined, and cleaned to provide a consistent surface. The solution was made
by dissolving aluminum oxide in a variety of solvents, including acetone, polyvinyl alcohol (PVA),
and ethanol, and then applied as a coating [12]. Two main coating methods, dip coating and spray
coating, were the subject of the comparison investigation. The glass slides were dipped into the
aluminum oxide solution and then slowly removed to achieve a consistent coating thickness in the
dip coating procedure [13]. In contrast, the glass slides were coated using a spray coating method
that entailed creating a fine mist of an aluminum oxide solution and then spraying it from a set
distance. The various qualities and possible effects on the coating process while choosing the
solvents, which included acetone, ethanol, and PVA [14]. To ensure that glass slides were
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randomly assigned to different coating processes and solvent groups, experimental procedures
were carried out using a randomized design. Each solvent was tested in turn using the dip coating
and spray coating procedures, with uncoated glass slides serving as controls [15]. The
hydrophobicity of coated and untreated glass surfaces was evaluated by measuring the contact
angle that water droplets created on the surfaces using a contact angle goniometer. The data on the
contact angles were subsequently used to construct the surface energy estimations. The comparison
analysis used statistical methods like ANOVA to compare the hydrophobicity of different coating
processes and solvents [16]. Visual representation of the results in the form of graphs allowed for
easy data interpretation. The studies were designed to be reproducible and unbiased by
implementing quality control procedures such as randomization and replication. The most efficient
combination of coating process and solvent for producing higher hydrophobicity was identified
through data analysis, which required interpreting trends and patterns in hydrophobicity data. A
vital component of the study's openness was the acknowledgment of possible limitations in
experimental design and methods. Using dip and spray methods with various solvents, this all-
encompassing method offers a solid foundation for methodically studying the effects of coatings
made of aluminum oxide on glass slides.

A. Glass Slide Preparation

The preparation of glass slides is an essential first step in guaranteeing a uniform and clean surface
for the coating procedures that follow. A careful examination is conducted to detect any flaws or
abnormalities in the standard glass slides, which are chosen for their consistent size. The objective
is to ensure a uniform initial surface devoid of impurities that may impede the coating procedure.
After the examination, the glass slides are cleaned meticulously [17]. Fig 1 shows that Glass Slide
Preparation for coating. As part of the multi-step procedure, a suitable solvent is usually used to
eliminate any impurities or residual oils. After that, to make sure the slides are spotless, they may
use ultrasonic cleaning or another technique to remove any tiny particles. Fig 2 shows wetting with
Solvent and Contact Angle hysteresisTo ensure that no airborne particles or moisture are
introduced, the prepared glass slides are thereafter allowed to dry in a controlled atmosphere.
Before applying aluminum oxide coatings, it is crucial to pay close attention to the glass slide
preparation process. Coating adhesion homogeneity and the capacity to reliably and reproducibly
reproduce testing results are both enhanced by a perfectly smooth starting surface.
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Fig 1: Glass Slide Preparation for coating
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Table 1. Effect of AI203 on the Permeability and Selectivity
Al20 Water PVA ethanol Acetone total Selectivit
3 (wt | permeabilit | permeabilit | permeabilit | permeabilit | permeabilit y
%) | y(10%/mh | y(10°g/mh | y (10%g/mh | y (105%g/mh | y (10%g/m h
kPa) kPa) kPa) kPa) kPa)
0 312.6 1.37 2.27 1.56 317.8 61.115
2 375.36 0.23 0.76 0.41 376.76 269.11
4 450.42 0.33 0.26 0.48 451.49 421.95
6 410.87 0.38 0.20 0.42 411.87 411.87
10 360.76 0.14 0.15 0.13 361.18 859.95

B. Aluminium Oxide Coating:

1. Dip Coating Technique:

In the dip coating method, the prepared glass slides are submerged in a solution that contains the
dissolved aluminum oxide. A homogeneous and constant coating on the surface of the glass is
achieved by precisely controlling the immersion [18]. Important factors that affect the coating's
thickness and quality are the withdrawal speed and immersion period. Achieving uniform coatings
on complicated geometries has never been easier than with this approach.
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2. Spray Coating Technique:

The glass slides are coated using a fine mist or spray of an aluminum oxide solution using the
spray coating process. This approach has promise for large-scale, high-speed applications, which
is a major plus. To attain the appropriate coating thickness [19], the spray system is fine-tuned to
distribute the coating material evenly, and the nozzle's distance from the glass surface is adjusted.
For surfaces that are complex or have several dimensions, spray coating is the way to go.

C. Solvent Selection:

Many aspects of the aluminum oxide coating process are affected by the solvent that is used. Table
1 shows Effect of AI203 on the Permeability and Selectivity. These include the coating material's
interaction with the glass substrate, the evaporation rate, and the solvent's viscosity. This
investigation considered three different solvents:

(1) Ethanol:

Because of its versatility and relatively slow evaporation rate, ethanol finds widespread
application as a solvent. Its regulated and uniform coating properties, as well as its efficacy in
dissolving aluminum oxide, led to its selection.

2. Polyvinyl Alcohol (PVA):

Another solvent is polyvinyl alcohol, a polymer that dissolves in water. The excellent film-
forming capabilities are one among the distinctive qualities that make PVA a desirable choice. To
investigate the effects on the aluminum oxide coating, PVA is used, which brings a new solvent
chemistry into play.

3. Acetone:

Because of its rapid evaporation rate, acetone is used as a solvent to dissolve aluminum oxide.
To compare its impact on the coating process, acetone is used to introduce a solvent with a distinct
volatility profile.

By taking each solvent's properties and interactions with the glass substrate into account, we hope
to learn more about the wide range of possible impacts on the aluminum oxide coating. Fig 3 shows
Hydrophobic glass slides. This all-encompassing method allows for a detailed comprehension of
the ways in which various solvents affect the hydrophobic characteristics of the coated glass slides.
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Fig 3: Hydrophobic glass slides

Analysis and Results
A. Hydrophobicity Assessment:
1. Dip Coating Results:

The hydrophobicity test for the dip coating method shows that glass slides coated with aluminum
oxide are effectively water-repellent. One way to determine the level of hydrophobicity is by using
contact angle measurements. Contact angles varied throughout a range of aluminum oxide
concentrations in the dip coating solution, as seen in the data [20]. Through a thorough examination
of the dip coating outcomes, we may learn more about the connection between coating thickness,
withdrawal speed, and the subsequent hydrophobic properties.

2. Spray Coating Results

Hydrophobicity testing for spray coating also shows how the manner of application affects the
water-repellent qualities of the coated glass slides. The consistency and homogeneity of the spray-
coated surfaces are understood by analyzing the contact angle data. The distance between the spray
nozzle and the target, the density of the mist, and the total coverage are all factors in this study.
The findings add to a comparison of how well dip and spray coating achieve hydrophobicity.

B. Comparative Analysis:
1. Ethanol vs. Polyvinyl Alcohol vs. Acetone:

This study examines the effects of three different solvents on the hydrophobicity of glass slides
coated with aluminum oxide: acetone, polyvinyl alcohol (PVA), and ethanol. One way to test and
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compare the water-repellent qualities of different solvents is by measuring the contact angle [21].
The investigation explores the evaporation rates, surface energy, and solubility of aluminum oxide
in all of the solvents. Finding the solvent that increases hydrophobicity the most effectively is the
goal of this comparison.

2. Dip Coating vs. Spray Coating

To compare dip coating with spray coating, we must first examine their effects on
hydrophobicity in detail. To determine if there are statistically significant differences between the
two methods for measuring contact angles, analysis of variance (ANOVA) is used. We consider
things like coating consistency, application speed, and overall efficacy [22]. The best approach to
improving the hydrophobic characteristics of glass surfaces is uncovered by this investigation.
Together, the results of the hydrophobicity test and the comparisons help fill in the gaps in our
knowledge of the relationship between coating methods, solvents, and the hydrophobic properties
of glass slides. These results guide the creation of surfaces with individualized water-repellent
characteristics and have real-world ramifications for a number of sectors.

Discussion
A. Interpretation of Results:

Hydrophobicity testing and comparison tests, when interpreted correctly, shed light on how
effective aluminum oxide coatings are on glass slides. We can learn more about the elements that
affect hydrophobic characteristics from the differences in contact angles that we see under various
situations and with different solvents. To make sense of it, you have to think about how the
coating's thickness, application technique, and solvent choice affect the level of water repellency
you get [23]. Discussed are noteworthy patterns and trends in the data, and any surprising results
are investigated in order to understand the processes controlling hydrophobicity.

B. Implications of Coating Techniques:

Important factors to think about for real-world uses are the consequences of the selected coating
methods, which include dip coating and spray coating. Topics covered include processing speed,
scalability, coating uniformity, and the benefits and drawbacks of each approach [24]. The
comparison sheds insight on the precise situations in which one method could be more effective
than the other. The importance of these implications in several domains, including materials
science and industrial manufacture, is acknowledged, and the possibility of adjusting coating
parameters to create customized hydrophobic effects is also considered.

C. Solvent Influence on Hydrophobicity:

Focusing on how solvents affect the hydrophobicity of glass slides coated with aluminum oxide is
an important part of the research. In this article, acetone, polyvinyl alcohol (PVA), and ethanol
each have their own distinct effects on the coated surfaces' ability to resist water. The chemical
interactions between the aluminum oxide and solvent, as well as evaporation rates and solubility,
are examined [25-27]. By examining the effects of several solvents on the end hydrophobic product
in real-world scenarios, this article helps readers choose the best solvent for their individual needs.
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Looking at the bigger picture, the talk combines the results to generalize about how to improve the
hydrophobic characteristics on glass surfaces [28]. In light of the study's findings, researchers,
engineers, and businesses might follow the study's practical suggestions for hydrophobic coatings
made of aluminum oxide. In order to resolve any outstanding concerns or doubts that may have
arisen from the present work, the discussion may also suggest potential directions for future
research. In sum, the discussion section is there to synthesize and investigate the study's findings
and their significance in great detail.

XRD of Glass Slide

Using ethanol, polyvinyl alcohol (PVA), and acetone as solvents, we compared the dip and spray
coating methods applied to hydrophobic glass slides coated with AI203. Our first objective was
to understand the coated glass slides' structural properties by X-ray diffraction (XRD)
examination. Hydrophobic coating of glass slides was the first step in the experimental technique,
followed by dip and spray applications of Al203. Ethanol, polyvinyl alcohol, and acetone were
the three solvents selected to transport the AI203 layer. The crystalline structures displayed by the
coated samples were further examined using XRD analysis. Findings from the XRD patterns
revealed distinct variations in the coated glass slides' crystalline structures. The XRD spectra's
peak locations and intensities were found to be significantly affected by the coating material and
application procedure choices.
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Different solvents, such as acetone, ethanol, and PVA, interacted differently with the Al203
coating, causing the final crystal structures to differ. Finally, the complex interplay between
coating methods, solvents, and the structural characteristics of AI203-coated hydrophobic glass
slides is shown by this comparative XRD study. Contributing to the optimization of hydrophobic
coatings for varied applications, the findings highlight the significance of meticulously choosing
the coating technique and solvent to attain the necessary crystallographic properties.

Conclusion

The relative efficacy of ethanol, polyvinyl alcohol (PVA), and acetone raises the question of how
to choose a solvent depending on the nature of the task at hand. The study highlights the importance
of coating processes in achieving hydrophobic surfaces, which might be useful for enterprises
looking for customized solutions. A variety of industries, including biology, manufacturing, and
architecture, stand to benefit from the customized hydrophobicity that aluminum oxide coatings
may provide. Researchers and practitioners may use the study's findings to choose the best coating
processes and solvents for their individual needs.

By offering a thorough analysis of the interaction among coating methods, solvents, and
hydrophobicity, the study also fills in current knowledge gaps. This information lays the
groundwork for future developments in surface engineering that will allow for the creation of
materials with better water-repellent properties. The results of this study provide important
information for the development of surfaces that are optimized to avoid water adhesion and have
self-cleaning capabilities, which is a growing need in many sectors. The research on hydrophobic
glass slides coated with aluminum oxide not only deepens our knowledge of surface modification,
but also opens the door to the practical use of hydrophobic surfaces in everyday life, which will
undoubtedly lead to advances in engineered materials.
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