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In the present world, coating technology is a reliable and effective modern technology 

utilize in wide range of applications in various industry including solar panel, eyewear, 

building glass panel, and many more. The coating applied to surface of these materials 

required a specific requirement such as water resistance, good adhesive strength, and 

optically transparent, mainly for physical and chemical protection. The afore 

mentioned requirements demand coating’s material with water repellent properties, low 

scattering/diffusion coefficient, and good molecular force attraction towards glass 

surfaces. This can be realized by tailoring the molecular structure and bonding 

properties of the where the protection can be sustained.  

 

 

This work details with coating solution preparation adopted to produce roughened 

surface with water repellent ability aiming to enhance the surface physical and 

chemical protection. This thesis focuses the coating process using spray coating 

technique with tetraethyl orthosilicate (TEOS) and 

heptadecafluorodecyltrimethoxysilane (HFTMS). The coating properties such as water 

contact angle, surface morphology, transparency, adhesiveness, and refractive index of 

the coating are characterized carefully by using contact angle instrument, atomic force 

microscopy (AFM), UV-Vis spectrometer, scratch test, and ellipsometer instruments. 

 

 

The coating materials are found to have very significant effect on water resistant ability 

where the present of water repellent agent of HFTMS, with the present of fluorine in 

the coating materials has been found to produce higher contact angle value. In addition, 

increasing the surface roughness of the coating, by manipulating the spray setting and 

water aging cycles, has been found to enhance further the water contact angle of the 

coating. Thus, the optimized surface roughness and contact angle have been chosen in 

order to obtain the best water-resistant properties with higher water contact angle even 

after water aging process. Findings from AFM measurement confirmed that higher 
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surface roughness coating is achieved after the samples have been through water aging 

process which promotes the coating material molecules to accumulates and bulking to 

each other. Other than that, the result from UV-Vis spectrometer has shown that the 

transmission coefficient of the coated materials is consistent along all samples even 

sprayed at different setting and after going through water aging process. Interestingly, 

the refractive index of TEOS samples shows a constant value even after the dipping 

cycles. 

 

 

This study shows that the present of fluorine particle in the water resistive agent has 

introduced the water resistance properties with high contact angle for the sample. 

Furthermore, controlling the surface roughness by manipulating the spray setting and 

water aging process, the water contact angle can be increased. In addition, changing the 

spray process parameter and water aging process have no influence on the optical 

transparency of the coating. However, the refractive index of the samples varies as the 

material is reported to contain porous structure smaller than the light wavelength. 

Therefore, this study shows the use of fluorine in coating material as water repellent 

agent can permits better water resistive properties when exposed to water molecules. 

After the sample characterizations and analysis, it was found that sample with alumina 

number of particles 0.006311849 per 𝜇𝑚2 has shown good properties of 

hydrophobicity in long term period, and meanwhile, sample with alumina number of 

particles 0.004176432 per 𝜇𝑚2 has shown good hydrophobicity in short term period. 
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Pada zaman kini, teknologi penyalutan adalah satu teknologi moden yang meluas 

berguna di dalam bidang industry termasuk panel solar, kaca mata, panel kaca 

bangunan, dan lain-lain lagi. Salutan yang dikenakan pada permukaan bahan-bahan 

sebegini memerlukan ciri-ciri tambahan yang lain seperti kalis air, daya lekatan yang 

bagus, dan telus cahaya,sebagai perlindungan daripada faktor fizikal dan kimia. Ciri-

ciri tambahan seperti ini memerlukan bahan salutan yang mempunyai sifat kalis air, 

perserakan cahaya yang rendah, dan mempunyai daya tarikan molekul yang kuat 

terhadap permukaan kaca. Perkara ini boleh dicapai dengan mengubah ciri-ciri struktur 

dan ikatan molekul supaya mampu memberikan perlindungan. 

 

 

Kajian ini menekankan terhadap penyediaan salutan yang digunakan untuk 

menghasilkan permukaan yang kasar dengan kemampuan kalis air bagi meningkatkan 

lagi perlindungan secara fizikal dan kimia. Tesis ini memberikan fokus terhadap proses 

penyalutan yang menggunakan kaedah teknik penyalutan secara semburan dengan 

menggunakan bahan tetraethyl orthosilicate (TEOS) dan 

heptadecafluorodecyltrimethoxysilane (HFTMS). Ciri-ciri salutan seperti sudut sentuh 

air, morfologi permukaan, ketelusan cahaya, daya lekatan, dan indek biasan dicirikan 

dengan menggunakan alatan sudut sentuh air, mikroskopi daya atom (AFM), 

spektroskopi penyerapan UV-Vis, ujian calar, dan alat elipsometer. 

 

 

Bahan salutan tersebut ditemui mampu memberikan kesan terhadap keupayaan kalis air 

dengan menggunakan agen kalis air HFTMS, yang mengandungi fluorin di dalamnya 

untuk menghasilkan sudut sentuh air yang lebih tinggi. Sebagai tambahan, dengan 

meningkatkan kadar kekasaran permukaan salutan, dengan cara memanipulasikan 

tetapan semburan dan kitaran penuaan air, ditemui dapat menghasilkan sudut sentuh air 

yang lebih tinggi. Justeru itu, kadar kekasaran permukaan dan sudut sentuh air yang 

optimum telah dipilih untuk memperoleh sifat kalis air yang terbaik dengan sudut 
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sentuh air yang tertinggi setelah proses kitaran penuaan air. Penemuan daripada AFM 

membuktikan bahawa kadar kekasaran permukaan yang lebih tinggi dapat dicapai 

selepas proses penuaan air yang telah mengakibatkan bahan salutan untuk bergumpal 

dan membesar sesama sendiri. Selain itu, keputusan daripada spektroskopi UV-Vis 

menunjukkan bahawa kadar ketelusan cahaya bahan salutan adalah tetap dan sama bagi 

kesemua sampel walaupun sampel-sampel tersebut disembur pada tetapan yang 

berbeza dan selepas proses penuaan air. Yang menariknya, kadar biasan TEOS adalah 

juga sama walaupun selepas proses penuaan air. 

 

 

Kajian ini membuktikan bahawa dengan kehadiran fluorin di dalam agen kalis air dapat 

menghasilkan sampel kalis air dengan sudut sentuh air yang tinggi. Selanjutnya, 

dengan mengawal kadar kekasaran permukaan dengan memanipulasi tetapan semburan 

dan proses penuaan air, sudut sentuh air dapat ditingkatkan. Sebagai tambahan, dengan 

melakukan perubahan pada tetapan semburan dan proses penuaan air, kadar ketelusan 

cahaya salutan tidak juga berubah, walau bagaimanapun, indek biasan salutan adalah 

tidak tetap di seluruh sampel kerana bahan salutan tersebut telah dilaporkan 

mengandungi liang-liang yang bersaiz lebih kecil daripada panjang gelombang cahaya. 

Oleh itu, kajian ini membuktikan bahawa penggunaan fluorin di dalam bahan salutan 

sebagai agen kalis air dapat menunjukkan sifat kalis air yang lebih baik apabila 

terdedah kepada molekul air. Setelah selesai kajian, didapati sampel dengan jumlah 

zarah alumina 0.006311849 bagi setiap 𝜇𝑚2 menunjukkan sifat kalis yang bagus bagi 

tempoh masa yang panjang, manakal, sampel dengan jumlah zarah alumina 

0.004176432 bagi setiap 𝜇𝑚2 menunjukkan sifat kalis air yang baik hanya untuk 

tempoh masa yang pendek. 
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

 

1.1  Introduction 

 

This chapter discusses the general concepts of hydrophobic and its functionality for 

coating application which makes it significant in everyday life. Besides that, the 

scientific reviews involved in developing a long-lasting hydrophobic coating is also 

discussed in this chapter.  

 

 

Furthermore, this chapter also presents the motivation of this study, problem statements 

related to coating applications for hydrophobic industry, the objectives of this work, 

and the outline of this thesis. 

 

 

1.2  Hydrophobic Coating 

 

Coating or also known as modifying surface is widely used in many fields of modern 

high technology and it is applied for specific well-defined surface properties ranging 

from a large area to nanoscale structure (Montemor, 2014). Nowadays, the application 

or device produced from coating technology involves in generating multibillion-dollar 

industry especially those that possess transparent properties which suitable for 

windows panel, eye-wear, and display screen (Prevo et al., 2005). The functions of 

coating are applied onto a material surface to protect it from physical, chemical and 

environmental damages while introducing some physical, chemical, mechanical, 

electrical, or magnetic barriers properties toward the materials (Montemor, 2014). 

There is various coating process in present time that has been developed by 

manufacturers to meet certain coating criteria such as spin coating, dip coating, spray 

coating, chemical vapour deposition, electrochemical plating, and roll to roll coating 

(Aziz & Ismail, 2015). 

 

 

Generally, hydrophobic coating is applied to protect the material’s surface from water 

in order to prevent corrosion, improve cleanliness of the surface from dirt or dust, 

increase optical transparency for drivers during rain, solar panels and as a building 

exterior’s materials (Kumar et al., 2015). In nature, plants leave with hydrophobic 

properties have a clean surface by rolling off the water beads along with the dirt on the 

leave’s surface completely by simple rain shower (Han et al., 2008). The requirement 

for a surface to be stated as hydrophobic is that it must has a water contact angle of 

more than 90° on its surface.  

 

 

In order to explain the science behind the hydrophobic properties, the terms of surface 

tension and surface energy must be used. Surface tension term is used to explain the 

cohesive and adhesive forces that occur at the air-liquid interphase of a homogenous 
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liquid (Kumar, 2017). At the liquid-liquid interphase, the cohesive force pulls the 

surrounding molecules towards the centre in every direction thus produces equilibrium 

force. However, at the air-liquid interphase, the adhesive force between air and liquid is 

not strong enough as liquid-liquid interphase which then causes an unbalanced force 

that recognized as surface tension. Figure 1.1 shows the illustration concept for surface 

tension from balanced and unbalanced forces for liquid molecules at the centre and 

surface (Quora, 2016). Furthermore, the forces acting on the molecules at the surface 

produces energy at the surface. In brief, surface energy is defined as the intermolecular 

(interatomic) energy difference between the bulk of the material and the surface of the 

material (Kumar, 2017). Figure 1.2 shows the difference between the direction of force 

acting on the molecules at the surface and molecules between the bulk of a solid 

material (“Surface Tension”, 2013). The direction of the forces acting on the solid 

surface only happen at one side of the molecule, and thus the resultant force is not 

equilibrium at the surface. Meanwhile, the direction of forces acting at the bulk of the 

material happen in all direction thus resultant force is in equilibrium. 

              

 
Figure 1.1: Illustration of net cohesive force acting on particle in the middle and 

surface of a liquid material. 

 

 
Figure 1.2: Illustration of net cohesive force acting on particle in the middle and 

surface of a solid material. 

 

 

Besides material surface energy, surface morphology of the material will also affect the 

hydrophobic properties of the material at the surface (Valipour M. et al., 2014). Surface 

roughness is defined as the shorter frequency of real surface relative to the troughs 

(Keyence, 2012). The relationship between the surface roughness and surface 

hydrophobicity is explained by the Wenzel and Cassie-Baxter state (Valipour M. et al., 

2014). They formulated a mathematical approximation that a rough surface is able to 

enhance the hydrophobicity and hydrophilicity properties of the surface. Furthermore, 

to produce rough surface for hydrophobic enhancement, roughening agent can be 

added to the material and this roughening agent can come from various types of 

materials such as silica and graphene (Zhang et al., 2016: Zhou et al., 2012). 
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There are a few considerations that need to be highlighted to select suitable materials 

for production of hydrophobic coating. One of the considerations is that, the selected 

material must meet the purposes of the coating. The materials must have the ability to 

bind efficiently to the substrate, protect the substrate from environmental damages, and 

possess low surface energy. 

 

 

1.3  Tetraethyl Orthosilicate 

 

Tetraethyl orthosilicate (TEOS) is a silane chemical compound commonly used as 

coupling agent that has the ability to form a durable bond between organic and 

inorganic materials (Arkles, 2006). TEOS has a hydrolysable group (𝑂 − 𝐶2𝐻5 bond) 

which typically alkoxy, which easily reactive through hydrolysis process and 

condensed with other silanol group. Besides that, glass substrate also shows excellent 

bonding performance with the TEOS coupling agent (Arkles, 2006: Arkles, 2014). 

Figure 1.3 shows the chemical structure of TEOS which exploited as one of the silane 

coupling agent materials. 

 

 
Figure 1.3: Structure of tetraethyl orthosilicate which is used as coupling agent. 

 

 

Moreover, some researchers have used TEOS as the coupling agent for glass substrate 

because of the ability of TEOS to form transparent coating (Li et al., 2003). TEOS was 

also found to be easily hydrolysed and suitable to be used as coupling agent to 

introduce hydrophobic surface with contact angle of ≥90° (Yu et al., 2007). Other than 

that, TEOS coating also shows good anti-corrosion properties on glass material when 

tested under controlled environment (Liu et al., 2005). Thus, the TEOS coating is 

capable to produce hydrophobic, transparent, and anti-corrosion coating on glass 

substrate. 

 

 

Since that TEOS is a silane-based solution so it is easy to mix TEOS with other types 

of silane-based solution that exhibit different properties. This method is to introduce 

desired/additional properties to the TEOS coating.  
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1.4  Fluoro-carbon Silane 

 

Fluoro-carbon silane is a silane attached to a long fluoro-carbon chain. Well known 

fluoro-carbon silane is heptadecafluorodecyltrimethoxysilane (HFTMS) which contains 

fluoro-carbon chain and silane at one end and has water contact angle of 115° on 

smooth surface (Arkles, 2006). Figure 1.4 shows the structure and molecular bonds of 

HFTMS. 

 
Figure 1.4: Silane with fluoro-carbon chain. 

 
 

Any molecule with fluorocarbon bond, generally the electronegativity of the structure 

is high since the carbon-fluorine is packed to itself with bond length about 1.35Å and 

high bond dissociation energy of 544 kJ/mol (Clark, 2007). This closely packed 

fluorocarbon chain prevents the electrons to move freely because surrounded by 

negative charges from the fluorine atoms which lead to repulsion among them. The 

repulsion force among the fluorine atoms reduces the overall molecular density thus 

reducing the surface energy of that structure.  

 

 

Other reasons of why fluorocarbon chains on the surface can introduce low surface 

energy is basically of the low lattice spacing of 5.9Å (Dalvi & Rossky, 2010). Later in 

the work, they also stated that the hydrophobicity of a fluorinated surface is due to the 

fluorocarbons molecules that packed less dense than hydrocarbon molecules on the 

surface which lead to poorer Van der Waals interaction with water. The result shows 

that the hydrophobicity of fluorocarbons in terms of geometry is because of their size is 

much bigger than the hydrocarbons. They also reported that the surface energy of 

hydrophobic surface is much lower also because of their Lennard-Jones interactions 

than just electrostatic interactions. The Lennard-Jones interactions is defined as the 

interaction of attraction and repulsion between a pair of neutral atoms or molecule.  
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A hydrophobic surface using fluorine-based chemical on cotton fabric dipped with 

fluorooctyl triethoxysilane (FOS) diluted with mixture of ethanol and water has shown 

higher contact angle when the concentration of the fluorine in the mixture is increased 

(Erasmus & Barkhuysen, 2009). They have reported that the method was able to 

produce a cotton fabric with self-cleaning ability where the water droplets could easily 

roll-off and carry along the dust on the surface.  

 

 

Other than that, a surface energy treatment utilising a functionalized silica nanoparticle 

of ~120 nm in diameter with fluoroalkyl silane (FAS 17) in ethanol solution have been 

reported by J. Brassard et. al. The functionalized silica nanoparticles were spin coated 

on glass substrate for multiple times to produce thick hydrophobic coatings. The coated 

sample showed an increase of water contact angle value as the number of coating 

layers were added (Brassard et al., 2012). 

 

 

The major or main objective of a coating is to give protection the substrate or give 

additional finish to the substrate material towards environment. This objective 

automatically increases the speculation among consumers to understand the coating 

lifespan and quality under such various environment. Hence, a testing must be done by 

the innovator to test the coating lifespan and quality so that it can be understood by the 

consumer. 

 

 

1.5  Coating Degradation 

 

Coating degradation is a study of coating quality after being exposed to any conditions 

in order to understand the coating lifetime (Perrin et al., 2009). Besides that, the 

process of coating degradation could also be used to study samples recovery properties, 

changes in morphology, and coating transformation (Cui et al., 2015). These factors 

stated can cause great influence on the properties of a hydrophobic coating. 

 

 

Since this study uses TEOS based hydrophobic coating that reacts quickly with the 

presence of water through hydrolysis process, thus it is crucial to understand the effect 

of dried TEOS coating against water degradation. A recent study reveals that TEOS 

coating is able to be stronger, less packed, and shows suitability properties for 

hydrophobic coating after in contact with water solution (He et al., 2009). Besides that, 

other researchers also come up with an idea that the coating strength and stiffness 

increases after undergoing water aging process (Einarsrud et al., 2001). Other than that, 

a technique was also developed in order to study TEOS coating sturdiness after going 

through water and ethanol aging process (Soleimani Dorcheh & Abbasi, 2008). 

 

 

The aging instrument and method can be made by dipping the samples in and out of 

water bath continuously for a period of time and consistently replace the water bath to 

prevent the removed coating particles from re-adhering the surface (Cui et al., 2015). 

Therefore, the measurement after the aging process is important to study the 

deformation of the coating properties and quality. 
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1.6  Motivation of the research 

 

The market and demands for the self-cleaning and hydrophobic surface are increasing 

along with the new technology advancement. The self-cleaning and hydrophobic 

surfaces are able to increase water resistive properties of many materials such as metal, 

electronics, and glass. Besides that, a surface with self-cleaning ability will able to 

reduce manpower and also operation cost to clean the surface. A self-cleaning surface 

would not need an extra work to be done on the surface since dust, oil and other 

particles cannot stick on the surface. An extra work would have to be done in order to 

maintain the cleanliness of the surface such as hiring workers to wipe off any stuck 

particles on the surface in order to maintain the performance of the surface. Big cities 

with high skyscrapers usually pay workers to climb the exterior of the building just to 

clean the windows and this is a very dangerous and high cost work. This problem can 

be overcomed by using self-cleaning surface on buildings. 

 

 

Besides that, spray coating technique is also cost effective, simple, reproducible, and 

has excellent coating coverage performance when involving rough surface with holes, 

grooves, trenches and cavities (Yu et al., 2006). Spray coating technique has been 

studied to create a superhydrophobic surface with a contact angle of ≥150° and sliding 

angle of ≤10°, by using the simple and inexpensive instrument on paper substrate 

(Ogihara et al., 2012). Spray coating technique was also used to produce 

superhydrophobic and transparent coating from ZnO solution on glass micro slide 

(Tarwal & Patil, 2010).    

 

 

Furthermore, the ability of the coating to withstand weathering effects in various 

environment situation is also one of the factors to identify the quality of a coating. 

Since TEOS solution has an excellent performance to bond and form coating layer on 

glass substrate, the coating is expected to provide excellent protection for the substrate 

(Arkles, 2006). A high-performance coating is said to provide durable protection from 

the weather, chemicals, and abrasion or other forces that possibly affecting the 

substrate (Acrymax Technologies, 2011).   

 

 

1.7  Problem Statements 

 

The current coating techniques which includes spin coating are showing lots of 

disadvantages which one of it is bad finishing when involving complex surface 

topography of the substrate (Yu, 2006). On the other hand, of dip coating technology 

are demanding clean room for operation, higher chemistry cost, experienced and 

trained operator, and expensive equipment to operate (Poté, 2016). Besides that, the 

evaporation rate of the coating solution must be considered when using dip and spin 

coating technique because these techniques involve the movement of substrate which 

will enhance the coating evaporation rate if operated at high speed (Yimsiri & 

MacKley, 2006). 

 

 

The ability of the hydrophobic surface in mimicking the lotus leaf characteristics to 

repel water has attracted many attentions as it can introduce to a self-cleaning surface 

by minimizing the contact area of water droplet and decreasing the adhesion of dust or 
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contaminant (Liu, Liang, Zhou, & Liu, 2012). However, the present hydrophobic 

surface technology still shows low surface self-cleaning performance and this 

minimises the application of hydrophobic surface in the industry. Thus, the 

development for hydrophobic surface with higher contact angle that has higher water 

repellences to ensure better water protection to improve cleanliness of substrate is 

demanding (Erasmus & Barkhuysen, 2009). 

 

 

In order to produce a transparent superhydrophobic coating, the chemical composition 

of the coating solution must be selected wisely to prevent it from blocking the visible 

light spectrum. The properties of the coating must possess several requirements such as 

coating thickness and coating surface roughness. The thickness of the coating must be 

controlled as it can reduce the light transmission (Kaempgen et al., 2005). Besides that, 

the roughness of the coating surface also needs to be manipulated so that the diffusion 

of the light is minimal. Light rays might be scattered after hitting the rough surface thus 

making the coating look opaque (Ogihara et al., 2012).  Wenzel (1936) and Cassie-

Baxter (1944) have studied the effect of surface roughness on superhydrophobic 

surface in their mathematical model (Bhushan & Nosonovsky, 2010).  According to the 

study, high surface roughness can trap and scatter the light effectively thus reduce the 

transparency of the coating. Overall, the optimum roughness needs to be studied in 

order to produce a transparent and hydrophobic surface. 

 

 

Coating adhesion is due to the summation of interactions of the intermolecular bonding 

forces in a perfectly bonded system (Rowe, 1987). Adhesion is the strength of the bond 

between two or more bodies acts at interphase in between coating and the substrate. A 

good and functioning coating is based on the coating adhesiveness to stay on the 

substrate (Samimi et al., 2011). A peeled off coating due to low adhesion strength can 

no longer protect the substrate as the substrate is exposed to the surrounding.  The 

functionality of the coating’s material depends on the ability of the coating to remain 

securely attached to the substrate’s surface. Coating failures always happened when the 

coated layer/film got peeled off due to its aging process or when mechanical stress is 

applied onto it. Environmental effects that strongly influenced the aging process could 

deform or corrode the surface layer of the coating easily (Cui et al., 2015). 

Furthermore, the adhesiveness between the coating layer and the water (liquid) droplet 

is also one of the important aspects need to be taken into consideration. The properties 

of the liquid coating adhesiveness will determine the interaction energy between the 

coating and water droplet. Hence, the adhesive strength between the substrate-coating 

layer and liquid-coating layer must be tested to resolve whether the coating has good 

adhesion and suitability for a variety of applications. 

 

 

1.8  Objectives of the Research 

 

The main objective of the research project is to deposit and study a silica-based 

hydrophobic nanocoating mainly TEOS on a silicate glass by using aerosol spray 

system (patented PI 2017704529) and to characterize it optical and mechanical 

properties for consumer application. 

 

 

© C
OPYRIG

HT U
PM



 

8 

 

To achieve this purpose, the research work is further studied and deliberated. 

Therefore, the objectives of the research are divided into four small objectives to 

facilitate the research work.  

 

 

The first objective is to study surface contact angle of water droplet on the coated silica 

surface. The contact angle is a characterization technique to determine the 

hydrophobicity of the surface. The contact angle of the water droplet will be measured 

and analysed at different spray process parameter to find the relationship between 

contact angle and surface energy. The contact angle is measured by dropping 5µl water 

droplet on the coating surface. The image of water droplet on the substrate’s surface is 

captured with digital camera and measured in ImageJ software. The contact angle is 

then used to calculate the surface energy of the coating and then reported and analysed 

to study the surface hydrophobic properties. 

 

 

The second objective is to study the surface roughness of the coating. The roughness of 

the surface is important as the water will sit on the air pocket that has much lower 

surface energy and particle density. The properties of hydrophobicity and its effect 

from surface roughness will be studied in order to improve the contact angle of the 

water droplet. The surface roughness is measured by using atomic force microscopy 

(AFM). For surface roughness measurement, the scanning area is 10 × 10 µm by using 

non-contact tapping mode.  

 

 

The third objective is to investigate the visible light optical transmission and refractive 

index of the silica based hydrophobic coating on glass substrate. The optical properties 

of the surface will be measured using Ultraviolet-visible (UV-Vis) Spectrometer for 

optical transmission, and ellipsometer for refractive index. These optical characteristics 

of the silica based hydrophobic coating is a crucial measurement to determine the 

suitability and durability of the coating toward harsh environmental condition when use 

on the car windshield, eyeglass, and others. The optical transmission and reflection 

coefficient of the coating will be characterized by visible light wavelength using 

standard UV-Vis spectrometer, while the refractive index of the coating will be 

determined using optical ellipsometer.  

 

 

The final objective is to study the adhesion quality at coating-substrate and liquid-

coating interphase. The adhesiveness of the coating at the coating-substrate interphase 

is tested by using adhesion tape peel test technique according to the American Society 

for Testing and Material (ASTM) D3359-09, meanwhile for adhesiveness at the 

coating-liquid interphase is calculated by using Young-Dupre Equation. In ASTM 

D3359-09 technique, the coating’s surface is observed for any detached coating flakes 

after scratching and tape peeling process. Furthermore, the adhesion at the liquid-

coating interphase is determined by taking into account the water contact angle data 

and coating surface energy data through calculation of using Young-Dupre Equation.  
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1.9  Thesis Outline 

 

Chapter 1 consist of the introduction of the research. This chapter contains the idea of 

the development of the hydrophobic coating and its application in real life. Besides 

that, this chapter also discusses the problems from real life and previous researches 

which are in the field of coating technology and water repellence coating. The 

problems focus on coating technology such as dip coating, spin coating, spray coating, 

and hydrophobic coating. Finally, the objectives of this research are also presented in 

this chapter. 

 

 

Chapter 2 discusses current researches and findings related to the hydrophobic coating. 

The related fabrication methods are mentioned in this section and used as guidance to 

determine the most effective fabrication method. Besides that, the coating 

characterization techniques are also discussed in this section. Furthermore, this chapter 

also contains the development of contact angle measuring instrument to assist in the 

determination of water contact angle and surface energy of the coating. Other than that, 

factors that affecting the hydrophobicity of a surface such as surface roughness is also 

discussed in this chapter. 

 

 

Chapter 3 introduced the methodology of sample preparation and characterization 

technique used to measure the physical, optical and hydrophobic properties of the 

samples in this research. The preparation of the sample’s explanation starts from the 

making of the coating solution, spray process, drying process, until aging testing. 

Meanwhile, the characterization methods used in this research includes, contact angle 

measurement, surface roughness, refractive index, visible light transparency, and 

coating adhesiveness. Moreover, the data analysing techniques used in interpreting the 

data are also discussed in this section.  

 

 

Chapter 4 demonstrated the experimental result of physical, optical and adhesion 

characterization of the coating. This chapter covers the experimental results and 

analyzation for both original and aging samples. The experimental results and 

analyzation in this chapter include the measurement of contact angle, surface 

roughness, refractive index, visible light transparency, and coating adhesiveness for 

both original and aging samples.  

 

 

Chapter 5 is the final chapter of this thesis which presents the conclusion of this 

research work. All of the findings from the analysed data’s in Chapter 4 are 

summarized in this chapter to form a conclusion. The conclusion covers all of the 

measurements which are contact angle measurement, surface roughness, refractive 

index, visible light, and coating adhesiveness for all original and aging samples. 

Besides that, this chapter also includes suggestions and improvements that could be 

done in future works which are related to this field. 
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