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TROCHEMICAL PROPERTY

Controlling of hydrophobic and electrochemical properties in materials is very
interesting which can be applied in various application. NiO is one of materials
composing high surface area and high specific capacitance which is commonly studied
in such behaviors. In this thesis, we present how to control the wetting and
electrochemical properties as function of annealing temperature and UV light
irradiation. NiO were fabricated by thermal oxidation process from Ni foam with
temperature ranging from 0 °C to 600 °C in air. In the experiment, the result shows that
the change of hydrophilic (0°) to hydrophobic (up to 120°) behavior by increasing
annealing temperature up to 600 °C. By UV light irradiation, the water contact angle is
increased from 0° to 60°. The specific capacitance was also increased from 15 F/g to 35
F/g with the signature of new chemical species under irradiation measured by cyclic
voltammetry. By using scanning electron microscopy (SEM), samples under higher
annealing temperature show the increase of surface roughness and porous size (d=36%3
nm) to (d=210+11 nm). By using x-ray photoemission spectroscopy (XPS), the change
of C, O, and Ni peaks under effect of annealing temperature is clearly observed. The

change of those peaks was not significantly observed by UV light irradiation. By using
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irradiation. By using x-ray diffraction, the transformation of crystal structure was
observed to change from Ni to NiO phase. Finally, from this result can concluded that
both annealing and irradiation can induce the enhancement of wetting and

electrochemical properties, however, they possess different mechanism.
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CHAPTER

INTRODUCTION

1.1 Background and motivation

The wetting property on solid surfaces is a phenomenon that can often be seen
in everyday life. The Example of such phenomena is lotus effect. It can be applied as
water repelling, easily rolling off and antifouling (P. Zhang and Lv, 2015). This
phenomenon attracts much attention in academic and industry. The wetting feature can
be applied in a variety of applications such as printing, liquid coating, adhesion,
lubrication, self-cleaning and oil water separation (Jerrard, 2008). Using of such
materials depends on the specific applications which can be clarified as "good wetness
or poor wetness". When a water droplet is placed on the solid surface, the attractive
force between them is occurred at the interface which results to the uniform of water
droplet. However, the water droplet profile depends on the surface property of solid
surface. This surface phenomenon is caused by its surface being covered by liquid. The
liquid dispersion is one of the most important physiological phenomena that can be
used to describe the wetness of a material. This wetness can be observed by measuring
the contact angle and measuring the area of coverage. If the contact angle is low and
the area of coverage is very high, the material is hydrophilic. On the other hand, if the
contact angle is high and the area of coverage of the liquid is small, indicating that the
material is hydrophobic (Kumar and Prabhu, 2007). The principle of this wetting

behavior can be explained by the Wetting Model on the flat surface of Young’s



equation. They studied the active force between solid and liquid at the 3-phase
equilibrium point between air, liquid and solid. The contact angle measurement can be
measured directly. This value is related to the surface energy of various phases. This
method can be used to describe the wettability of solid surface (Yong, Chen, Yang,
Huo, and Hou, 2017). Contact angle measurement can be measured by directly drop the
water droplets on the material surfaces or using the standard contact angle goniometer
(Lamour and Hamraoi, 2010). In the water contact angle measurement we can clarify
the wetting property by using contact angle. If the contact angle at the interface between
the liquid and the solid is less than 90°, we determine that the material is hydrophilic
and that the angle at 0° is super hydrophilic. If the contact angle is greater than 90°, we
give this material a hydrophobic surface and at an angle of more than 150° to a super
hydrophobic surface or a hydrophobic material. However, the wetting properties of the
solid can be altered depending on two factors. These are the surface structure related to
the surface roughness of the nano/microstructure and surface energy related to chemical
substance that causes the surface to increase or decrease its energy. In general, the
material in the surface is uneven or possesses different roughness. So, the description
of the wetting properties of the Young’s equation will be modified with the addition of
two roughness equations, Wenzel state and Cassie-Baxter state. The Wenzel state is a
model that describes the wetting property in the case where a liquid can penetrate into
a small gap and cannot easily roll off. However, in the Cassie-Baxter state the fluid can
be suspended on the surface and can easily roll off. The contact angle of Cassie-Baxter
state is greater than the Wenzel state. The relationship between these two models can

be explained by the structure of the surface and surface energy. (P. Zhang and Lv,

2015).



In general, we often see a variety of materials that exhibit hydrophilic and
hydrophobic behaviors referring to different wetting properties. In the case of this
study, the properties of the sample are related to the sample preparation process, i. €.,
electrodeposition (Bellanger, Darmanin, Taffin De Givenchy, and Guittard, 2012),
plasma etching (Chen et al., 2016), dip coating (Y. Wang, Li, Liu, Xu, and Ge, 2014)
hydrothermal process, spin coating (Xu, Karunakaran, Guo, and Yang, 2012), sol-gel
process, laser irradiation (Wang, Tzeng, Chen, and Chang, 2012), and alternative
current etching method (Liang, Zhu, Li, and Liu, 2015). In addition, these method of
sample preparation are also used to study the surface properties of materials. Next, the
method is used to study the change or control of wetting properties. The study is based
on applying external stimulation on the surface of the material including light exposure,
electrical potential, heating, and solvent. As a result, the surface of the material is
changed and also the polarity of the material is formed. This change will also result in
the wetting properties of the activated material (Caputo et al., 2009).

In the study of wetting property, a variety of materials were used to conduct
experiments. In most experiments, the materials are always considered in micro/nano
structure especially on the surface which is the tested area. From literature, most of the
researches is focused on oxide materials because of their special characteristic of
oxygen defect, which makes it an extremely versatile and applicable. So, if wetting
property of this material can be revealed, more useful perspective can be achieved. The
oxide compounds which were commonly used for the study are ZnO (Khranovskyy,
Ekblad, Yakimova, and Hultman, 2012), TiO (Banerjee, Dionysiou, and Pillai, 2015)
and NiO foam (Si, Chen, Yang, Guo, and Guo, 2018). However, several studies have

been focused on polymer because the fact that polymer materials have been used



extensively in a wide range of applications particularly in coating, texture, and
biosensor engineering (Wagner and Theato, 2014).

According to a variety of wetting property studies in various materials, these
can be applied in many areas such as energy and environment. One of the most
interesting and widely used materials in this field is TiO2, which is commonly used for
coating on other materials because of its transparency. Most applications have been
done by coating on the glass giving self-cleaning property under sunlight irradiation.
This property is known as photocatalysis which can change the wetting property. When
sunlight is shining on the TiO> coated glass, the photocatalysis process takes place. This
process can destroy organic dirts on the glass surfaces. At the same time, this
illumination will increase the wettability of solid, which means that it will have better
hydrophilicity. That is, it will stick to water well. Finally, the dirt on the glass will be
washed away with water (Parkin and Palgrave, 2005). In addition, light irradiation can
not only change the surface properties but also electrical properties of the substance.
The study of electrical variation upon light irradiation is one of the tasks. It has been of
interest to many research fields of energy storage which energy storage is the device
that use to store the electricity.

In the field of energy conversion, several research groups attempt to develop
new energy conversion technology to replace petroleum. Nowadays, most energy
conversion applications are based on batteries (Gonzélez, Goikolea, Barrena, and
Mysyk, 2016). However, batteries possess a limitation of a cell lifetime and slow
charging process when connecting to the device. To overcome this problem, much
effort for developing a new type of energy storage called “electrochemical capacitor or

supercapacitor” which possesses long lifetime and the fast charging process is now an



attractive issue. Especially in the study of capacitor which gains much attention in
research areas because the capacitor is widely used as an integral component in
electronics. So, if we can increase the performance of the capacitor, it will result in the
development of computer technology as well. A capacitor is a device that is used as a
basic circuit. It can store energy in order of microfarads and also act as a filter to select
the appropriate signal. This device is similar in structure to the battery, but its electrodes
are made of the same material and use solid/liquid electrolyte as the separator between
electrodes (Jayalakshmi and Balasubramanian, 2008). The application of
supercapacitor can be applied in many fields including electronic devices, solar cells,
and energy storages. It has been selected as the next generation capacitor. This device
has many advantages such as high-power densities, short charging time, and long-life
time. The type of electrolyte impingement at the interface between the electrode and
the electrolyte, which has the potential to weld over a conventional capacitor. The
unique property such as it can store energy as large as 10™ Farad and has a high specific
power (~500-10,000 W/kg) and long-life cycle (>100,000 cycles) (Kalasina et al.,
2017). In practice, the use of supercapacitors is still limited in the electrode materials
that need to improve performance and price. There are a variety of materials which have
been study as the electrode of this device, especially oxide materials.

Metal oxides such as MnQO,, RuO,, and NiO were used for fabricating the

supercapacitor due to their high specific capacitances (G. Wang, Zhang, and Zhang,
2012). The application of supercapacitor can be applied in many fields including
electronic devices, solar cells, and energy storages. Most of the material's electrical
properties in field of energy strorage are described by specific capacitance and specific

energy (Simon and Gogotsi, 2008). These properties can be carried out by cyclic



voltammetry measurement. Recent progress on device development such as
supercapacitor is still at the research level. There are just a few devices is being
commercialized. There are several ways to improve capacitive performance. Light
irradiation is one of the way to improve capacitance. This is an interesting new method
because light is cheap and abundance. So, if we can enhance the properties of any
devices by using sun light as a stimulus, it could be a good option to reduce the cost of
production. The increased efficiency of device resulting from light irradiation could be
described by the stimulation of electrons at the valence band to the conduction band in
the substance. This mechanism results in electron and hole pairs. Holes will react with
other substances, and electrons result in material conductivity enhancement. As such,
it will make the device good electrical property which result to more capable of
charging and with more stored energy (Kalasina et al., 2017).

One of the most interesting and widely studied materials in the field of energy
storage is the NiO material. This material has many advantages of being lightweight
and flexible, which is suitable for developing and producing a portable electronic device
(Yan et al., 2014). NiO is an exciting material with excellent properties, easy
fabrication, and a wide range of application (Y. Zhang et al., 2009). It has a high
theoretical specific capacitance (2584 F/g), robust chemical-thermal stability, and low
cost. NiO can be fabricated by various method such as facile solution method and
thermal oxidation process. Most of them is to grow NiO on Ni foam. Therefore, the use
of NiO has applied not only the field of energy storage but also the self-cleaning
application. In term of self-cleaning material, it requires high porous structure e. g. NiO
foam (Gao et al., 2014). This porous structure can lead to a high surface area which can

be applied in surface science research. Self-cleaning property is strongly related to the



wetting property (Yan, Gao, and Barthlott, 2011). This property refers to the solid
surface which can either absorb or repel liquid droplets known as the Lotus effect. This
effect has been attractively studied in various fundamental researches such as thin film
technology, textile self-cleaning surface, and micro-fluid of biotechnology. NiO has
been developed for environmental protection application, i.e., to solve the oil spill
problem in the ocean ecosystem. This application relies on the wetting property of NiO
grown on the Ni foam (NiO/Ni foam). NiO/Ni foam can be fabricated by various
techniques such as sol-gel, plasma process, spinning method, chemical etching, thermal
oxidation method, and light irradiation process (Lu, Hwang, Yang, and Chuang, 2002;
Liang, Wang, Wang, and Lu, 2016). The change of wetting and capacitance properties
can be occurred by light irradiation while the intrinsic mechanism has not yet been fully
explained.

In this work, wetting and electrochemical properties of NiO/Ni foam have been
studied. NiO/Ni foams were fabricated by the thermal oxidation process. The properties
of NiO/Ni foams were characterized by contact angle measurement (CAM), scanning
electron microscopy (SEM), x-ray diffraction (XRD), cyclic voltammetry (CV) and x-
ray photoelectron spectroscopy (XPS). The wetting property under UV light
illumination (3.05 eV photon energy and 405 nm wavelength) of NiO/Ni foam as a
function of time and light intensity was investigated by contact angle measurement. The
crystal structure and the surface morphology were characterized by x-ray diffraction
and scanning electron microscopy. The specific capacitance of NiO/Ni foam was
studied by cyclic voltammetry measurement. The chemical forming on sample surface
was examined by x-ray photoelectron spectroscopy. In our experimental results, we

found that by increase an annealing temperature, this can effect to the changes of



surface morphology, NiO structure, wetting and electrochemical properties. We found
an increase of contact angle and specific capacitance of Ni/NiO foam under UV light
irradiation. This could be described by the creation of charge carriers and the
modification of surface morphology induced by light. Finally, we believe that the
changes of wetting and capacitance properties under UV light irradiation are related to
each other. Our findings should help to explain the mechanism regarding the changes

of Ni/NiO foam properties as well as apply for future applications.

1.2 Objectives of research

1) To prepare the NiO/Ni foam for studying the surface properties.

2) To examine the wetting property on NiO/Ni foam surface under UV light
exposure.

3) To investigate the electrochemical property of NiO/Ni foam surface under
UV light exposure.

4) To understand the mechanism of NiO surface under UV light exposure.

1.3 Outline of thesis

The thesis is organized as follows. Chapter I is the introduction part. This
includes background, research interest and research motivation. Wetting and
electrochemical properties are provided. In chapter II, we discuss on literature review
related to the study of surface properties of materials and their applications. In addition,
the optimization of those properties was also mentioned. The effect of light irradiation
to the wetting and electrochemical properties of NiO/Ni foam material was explained.

Firstly, basic principles of wetting properties, sample preparation, other related



materials used in this study and the techniques used to measure the values of this
property and how light irradiation affected to electrochemical properties. Some research
literatures are used to explain how light irradiation taken place to the changes of the
wetting property and the electrochemical property. In chapter III, the experimental
methods are explained including sample preparation by thermal oxidation process,
atomic structure and morphology studied by X-ray diffraction (XRD) and scanning
electron microscopy (SEM), the water droplet profile investigated by contact angle
measurement, specific capacitance measured by cyclic voltammetry, the chemical
forming on sample surface examined by Xx-ray photoelectron spectroscopy and the
effect of light irradiation on their wetting and electrochemical properties. Chapter 1V
introduces results and discussion of the experiment including the effect of annealing
temperature to the surface morphology and NiO crystal structure. The relationship
between light irradiation, wetting and electrochemical properties is discussed. In this
section, we investigate the wetting property and electrochemical properties of NiO/Ni
foam material under UV irradiation. The details of the experimental results will be

explained in this chapter. Chapter V stands for conclusion, summary and future plan.



CHAPTER II

REVIEW OF THE LITERATURE

2.1 Wetting properties

Wetting property is a property of solid surface which expresses the behavior of
a liquid reaction or wettability of solid. This property can be observed by the
distribution of the liquid on the surface of the solid substrate. This property is mostly
measured by the contact angle measurements considering by three different phases as
solid (substrate surface), liquid, and vapor at the equilibrium state. On the other hand,
the liquid distribution may affect to the wetting property of solids which can be
considered by the surface absorption property called “inert wetting or non-reactive
wetting”. For example, reactive liquid will be absorbed on a substrate resulting to
“reactive wetting”. The principle used to describe the wetting property is Young's
equation. This equation is related to modeling the solid-liquid spread model. The
sample is ideal solid which is physically and chemically inert, smooth, homogeneous
and rigid. When the liquid is dropped on the surface of solid, there are two forces
emerged; the cohesive force which is the attractive force between liquid molecules
giving the fluid with circular appearance. Another force is adhesion force which acts at
the interface between the liquid and the solid. This equation will consider the adhesion
forces in terms of surface tension or surface free energies (Lamour and Hamraoi, 2010)
which produce the contact angle. Thus, the contact angle measurement based on the

equation of Young's equation is related to three phases which are solid (S), liquid (L)
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and vapor (V) as shown in Figure 2.1 (Kumar and Prabhu, 2007).

Tiv

Tsv h
=

Substrate

Figure 2.1 A liquid droplet on solid surface (Kumar and Prabhu, 2007).

Considering from the liquid droplets distributed on ideal surface at the
equilibrium condition, there is an active force on liquid which is called dynamic driving
force for wetting F, (t) as shown below.

Fi(t) = vo — (va + 75,008 6(1)) (2.1)
Where vy, is the solid-vapor interfacial surface tension, vy, is the liquid-vapor
interfacial surface tension, and v, is the solid-liquid interfacial surface tension. At the
equilibrium, liquid is not spread which means no driving force (F, =0). The Young’s
equation then transforms to.

Yo =Y = Yy COSO (2.2)

The above parameters were defined as adhesion terms between solid and liquid as
shown in equation 2.3.

Wa = Yo + Y0 = Vis (2.3)
Substituting eq. 2.3 to eq. 2.1, we will get the equation which is well-known as Young-
Dupre equation (Eq. 4) (Kumar and Prabhu, 2007).

W, =v,, (1+cos6) (2.4)
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The relation between surface tension between each phases will affect differently
to the contact angle and wetting property at the interfacial region of liquid and solid.
Moreover, the surface tension value of each phases can also be used to describe the
adhesive force which reflects to the wettability of solids. Figure 2.2 demonstrates the
calculated contact angle and surface tension of three phases which reflects to the liquid
profile used to explain the wetting property. As the size of contact angle, the liquid
character and behavior on solid surface can be considered as; (1) if the contact angle is
in the range of 0°-90°, the solid is called hydrophilic surface or partial wetting, (2) in
case of 90°-180° is called hydrophobic or partial non-wetting. Subsequently, the
surface tension can also be calculated by Young-Dupre equation which can be used to

explain in other experiments.

Complete wetting

0 Taw= Vsl = Tiw

L Partial wetting

0- 20 . '/-H\\' . Yov = Vsl
(/—\\ Partial non-wetting

1 -180° O Non-wetting
Ta\r 'Ts-l =- ':I"l'.r

cosH | 0
Figure 2.2 The profile of liquid droplet on surface substrate under various wetting

condition (Kumar and Prabhu, 2007).

From above explanation, the contact angle was studied only for ideal solids,
however, in real experiment is based on real surface which depends on various factors.

To explain wetting property of real surface more precisely, some parameters such as
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surface roughness and surface energies were implemented (Y. Y. Yan, Gao, and
Barthlott, 2011). These extended models are known as Wenzel model and Cassie-
Baxter model which are originated from Young’s equation. The Wenzel model is used
to describe the wetting property related to homogeneous wetting regime. The liquid
droplet will contact at the peak and then penetrate to the surface pores as shown in

Figure 2.3(b). The equation can be expressed as below.

Ry (Ysy —Va) =71, COSOy (2.5)
Substituting eq. 2.2 to eq. 2.5, we then got.
cos0,, =R, cosO (2.6)

Where 6 is the Young contact angle, 6, is the Wenzel contact angle and R; is
the roughness factor which defined by the surface area ratio between the rough surface
and its projection on 2D plane. In case of hydrophobic surface (6 >90°) as (Eq. 2.6),
if the roughness factor is increased, it will affect to the decrease of 0, . This reflects to
the surface behavior to be more hydrophilic surface. Similar to hydrophilic surface,
more hydrophilic surface is obtained if the roughness factor increases.

The Cassie-Baxter model was used to explain the surface behavior with
heterogeneous wetting regime, i.e., the liquid droplet will be suspended on peak and
does not penetrate into the valley as shown in figure 2.3(c). The Cassie-Baxter equation
is derived from Cassie’s law which describe wetting for two component surfaces as
expressed below.

cosO. =f, cos6, +f,cos0, 2.7

Where f; and f, are the area fraction of component 1 and 2 respectively. The

variable 0, and 0, are the contact angle for component 1 and 2 respectively 6. is the
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Figure 2.3 The model of liquid droplet (a) Young’s model, (b) Wenzel’s model, (c)
Cassie-Baxter’s model, (d) liquid droplet on an incline showing advancing and receding

contact angle and sliding angle (Tam, Palumbo, and Erb, 2016).

contact angle of the composite. Air trapped in the valleys between the solid and liquid
can be treated as one component with a water/air contact angle of 180°. From this
relation, equation 2.7 can be rewritten to be the Cassie-Baxter’s equation as below.
cos0.; =T, (cosO, +1)-1 (2.8)
Where fy is the area fraction of the solid surface in contact with the liquid droplet and

0.g is the contact angle of the liquid droplet according to Cassie—Baxter. From the

equation, the increase of area fraction will affect to the increase of contact angle and
also decrease the adhesion force which result to slippery surface. As a result,
hydrophilic surface can be modified to be hydrophobic surface by modifying the
surface roughness (Tam, Palumbo, and Erb, 2016). It can be concluded from those two
models that the Wenzel model demonstrates the high adhesive surface behavior while

the Cassie-Baxter model is used to describe the low adhesive surface (Yong, Chen,
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Yang, Huo, and Hou, 2017).

There are several methods to study the wetting property such as in the work
purposed by Lamour et al. (Lamour and Hamraoi, 2010) which describe the technique
used to measure contact angle and the surface tension of substrate. Surface tension can
be obtained from the simplification of Young's equation. Surface tension can be
obtained by measuring the contact angle of many liquid with known surface tension.
The value of this calculation is based on the Fox-Zisman approximation of the first-
order approximation related to the Good-Girifacal equation (Good and Girifalco, 1960).
The surface tension of liquid at the critical surface tension of solid can be written as

below.
c0os = 1+ 2(Yc ) (2.9)
Y

Using linear approximation from Fox-Zisman approximation, eq. 9 can be rewritten as

c0s0 ~1— (1 —T¢) (2.10)
Y

From equation 2.10, by plotting graphs between the contact angle of the liquid and the
surface tension of the fluid by considering at cos6 =1, the value of y. =y is the

surface tension of the solid substrate which is located at the intersection. Figure 2.4(a)
shows the setup of the device to perform the experiment. In order to determine the

contact angle, the liquid volume 5 pL is dropped onto the solid surface and the droplet

profile will be analyzed. The contact angle value can be measured by using imageJ
program as shown in Figure 2.4(b). After the experiments, the correlation between the
contact angle value and the surface tension of the liquid will be plotted and analyzed.

As shown in Figure 2.4(c), the surface tension of the glass slide coated with the
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monolayer of octadecylsilane shows the values close to its real value. Therefore, if the
solid surface has a surface tension greater than the surface tension of the liquid, then
the solid surface exhibits hydrophilic behavior. If solid surface is less than the surface

tension of the liquid, the solid surface exhibits hydrophobic behavior.
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Figure 2.4 Contact angle analysis (a) set up experiment, (b) contact angle of water

droplet, and (c) critical surface tension of solid surface. (Lamour and Hamraoi, 2010).

2.2  Theeffect of surface roughness and surface energy to the wetting

properties

There are several factors that affect the wetting properties of solid such as
surface roughness, heterogeneity of surface, flux, temperature, atmosphere, and liquid
property (Kumar and Prabhu, 2007). Some of them is hard to control. Next, there are
also some factors which are related to the surface of solid properties: the chemical
composition of the surface and the texture of the surface (surface roughness). These

two factors are very important variables which strongly reflect the wetting property of
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the solid surface. The phenomenon in nature involving of these two factors is the lotus
effect. There are nanoscale surface roughness corroborated with the coating skin on the
lotus surface. It depends on how the surface behaves like a hydrophilic surface. In this
case, the material must have a surface tension of solid that is higher than the surface
tension of the liquid or hydrophobic surface (Li, Liu, Ye, Zhou, and Chen, 2011). This
study investigated the relationship between surface morphology and surface roughness
of samples coated with a substance. The surface tension is low with the wetting
property. Copper plate was used as a substrate. From there, they prepared a sample of

copper nanorod structure and microfluids by means of a simple one-step solution
immersion process. The mixture between the KOHand (NH,),S,0O,at different times,

then the substance. Fluorescrysilane was used as a low surface energy material. The
samples were then taken to see the topography of the surface. It was found that the SEM
of the sample at varying time dipped in the strontium would be that the surface structure
of CuO would be the change in shape of Figure 2.5 is that the more time it takes to dip,
the more likely it is that the structure of the CuO surface will change. CuO samples

were then modified by a low surface tension coating. Subsequently, they were subjected
to wetting properties by measuring the contact angle and sliding angle as shown in
Figure 2.6. CuO sample was modified surface by immerse process and coating. It
displays the wetting property of a superhydrophobic surface, which has contact angle
values such as, 162°, 160°, 154° and, 162°, respectively. The changes in the immerse
time, such as 5 min, 10 min, 15 min, 30 min, and 60 min, respectively, are the same as
sliding angle values that increase with immerse time, such as 3° to 12° and then to 90°
and finally decrease to 28°. In addition, there is another work on the value of surface

roughness that affects the contact angle.
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Figure 2.5 SEM image of CuO substrate in difference immerse time (a-b) 5 min, (c-d)

15 min, (e-f) 30 min, and (g-h) 60 min (Li, Liu, Ye, Zhou, and Chen, 2011).

In Kandlikar work (Kandlikar and Steinke, 2002), they studied the wetting
properties of materials such as Copper and Stainless steel. In this experiment, the
correlation between contact angle and surface roughness was investigated. For contact
stainless steel, the contact angle is reduced from 72° to 25° and then increased to 40°,
respectively, which changes from smooth to higher surface roughness. This results in
the same trend as with copper as in Figure 2.7. When surface roughness has increased,

this will cause the contact angle to increase again. This means that the increase in
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Figure 2.6 Water contact angle and sliding angle on CuO surface in difference immerse

time. (Li, Liu, Ye, Zhou, and Chen, 2011).

surface roughness can result in increased contact angle. There is also another study to
investigate the effect of surface roughness on the wettability of solids (Huang, Sarkar,
and Chen, 2011). Electrodeposition was used to prepare the sample on the aluminum
substrate by coating with copper prepared by stearic acid organic molecules. After
electrodeposition at voltage from 0 V to -1 V for 30 min, the surface is modified with
stearic acid for 30 min at 30 V. The experiment was conducted to study the effect of
increasing the negative voltage in the negative direction. As a result, the surface
roughness of the sample increases with the negative voltage. The voltage range 0 V to
-1V will increase the surface roughness from 2.39 um to 7.00 um, respectively (Figure
2.8(a)). Similarly, the wetting property with the surface roughness was found. The
contact angle of the material is increased by the surface roughness from 113° to 157°
and it is found that the surface roughness is about 6.00-7.00 um . This is the point where
the material exhibits the superconducting properties of the super hydrophobic surface

as shown in Figure 2.8(b).
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Figure 2.7 Equilibrium contact angle versus surface roughness for copper and stainless

steel surface. (Kandlikar and Steinke, 2002)
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Figure 2.8 The effect of surface roughness to water contact angle (a) the variation of
surface roughness versus deposition potential and (b) the variation of water contact

angle versus surface roughness after stearic acid modified surface. (Huang et al., 2011).

The principle of wetting phenomena can be described by wetting model on ideal
flat surface which has been purposed by Young in 1805. They explain the force between

droplets and solid by the three-phase contact line between liquid, air, and solid. At the
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equilibrium, the contact angle can be measured as shown in Figure 2.1 (Yong, Chen,

Yang, Huo, and Hou, 2017).

2.3 Physical properties and application of Nickel oxide

Nickel oxide (NiO) is an exciting material that can be applied to various
fundamental researches. It possesses unique features such as low cost and high specific
capacitance (Gonzalez, Sanchez-Herencia, Ferrari, Caballero, and Morales, 2015). NiO
can be prepared by various methods under high-temperature process. In general, NiO
can be obtained by oxidizing nickel powder in ambient pressure with high heating
temperature. For physical properties, NiO has a cubic lattice structure with a
ferromagnetic property. It is a p-type semiconductor with a high band gap of 4.0-4.3
eV. The structure density is 6.67 g/cm® with the melting point of 1,995 °C (De Los

Santos Valladares et al., 2014).

2.4  The specific capacitance in NiO/Ni foam

Supercapacitance is a crucial device to store extra energy from energy sources.
This device is interesting in fundamental researches and industrials because of their
high-power density and long cycling life. The materials used in supercapacitors are

based on metal oxides such as NiO and MnO, and also the carbon base materials.

These materials have unique properties and also low cost. High specific capacitance
has been predicted in several metal oxides; for example, NiO was predicted to have
relatively high specific capacitance up to 2,584 F/g (H. Yan et al., 2014). It is the
promising material which can be used for fabricating the energy storage device.

However, in the practical experiment, the specific capacitance of NiO was found to be
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quite low due to its low surface area. To overcome this problem, many researchers
attempt to grow NiO on Ni foam surface to obtain a high surface area of NiO. In the
field of supercapacitors, researchers attempt to increase the specific capacitance of
materials by improving the material’s structure with various methods. Some methods
to fabricate the supercapacitor device are discussed below.

Yan et al. studied the electrochemical properties of NiO nanosheet materials by
using hydrothermal process. They tried to improve the specific capacitance of NiO by
preparing the NiO nanosheet on Ni foam substrate. In the hydrothermal process, they
operate the optimal condition as 400 °C for 40 min in a vacuum environment. The
characterization of their work shows that NiO nanosheet can be formed on Ni foam
substrate. Its surface was changed by increasing the surface area. The specific
capacitance was investigated by using cyclic voltammetry experiment. The
measurement showed an excellent improvement of specific capacitance. The high
specific capacitance was measured up to 942.6 F/g at scan rate 2 mV/s. They showed
excellent stability of 91.1% over 1,200 charge/discharge cycles at the current density
of 5 A/g.

Zhu et al. attempted to study the improvement of specific capacitance in NiO/Ni
foam involving metal oxide-based materials as a promising electrode. They prepared
NiO/Ni foam by the thermal oxidation process with the optimal preparation of 500 °C
for 2hr in the air environment. The NiO was well formed on Ni foam substrate which
is used for an electrode material for the fabrication of supercapacitor device. The
morphology of NiO/Ni foam was characterized by x-ray diffraction and scanning
electron microscopy. As shown in figure 2.9(a-d), the NiO/Ni foam behaves like a
porous structure with a high surface area. By using cyclic voltammetry, they showed

that at the optimal scan rate at 5 mV/s, NiO/Ni foam exhibits the high specific
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capacitance of 1784.2 F/g which is closed to the theoretical specific capacitance of NiO.
This result showed the good stability of 75.8% capacitance retention over 20,000
charge/discharge cycles at 5 A/g which due to the low contact resistance between NiO

and Ni foam structures.
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Figure 2.9 The characterization of NiO/Ni foam (a-b) SEM image of NiO/Ni foam, (c)

XRD curve of NiO/Ni foam, and (d) CV curve of NiO/Ni foam (Zhu et al., 2015).

2.5 Wetting property in NiO

Wetting property of materials is widely studied in various fundamental
researches and industrial applications (Banerjee, Dionysiou, and Pillai, 2015). This
property informs about the solid surface behavior. The use of this property can apply in
various applications especially the ability to clean its surface called ‘self-cleaning

material’. The example of self-cleaning material can be seen on the surface of a lotus
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leaf. It can repel water droplets which are known as “lotus effect”. The characteristic of
wetting property can be divided into two types: (1) the hydrophilic surface which water
droplets can be spread over all surface of the substrate and (2) the hydrophobic surface
which water droplets quickly rolls off on the surface of a substrate. The applications of
lotus effect have been developed to apply in various fields such as window glass, solar
panel, anti-corrosion, and anti-biofouling. From the special application of wetting
property, many researchers attempt to develop the surface of material achieving as self-
cleaning material. The enhancement of wetting property relies on two main processes
which are the control of surface energy and surface roughness. There are various
methods to control the wetting property of materials such as electric deposition, plasma
process, chemical etching, electrospinning, chemical vapor deposition, and UV light
irradiation. Literature reviews of the wetting property based application have been
reported in the field of the oil-water separation application which relates to the
environment protection and oil spill problem in the ocean ecosystem.

Gao et al. reported the application of wetting property prepared by Ni foam for
the oil-water separation. They used high porous-Ni foam as the substrate with a high
surface area which is suitable for the oil-water separation application. They grew the
cobalt nanowire on Ni foam substrate by a simple template-free ammonia-evaporation-
induce method and modified the surface after growth by coating the polymer of
fluoroalkylsilane (FAS) on the surface. After sample preparation, they characterized
the morphology by SEM technique. In the measurement, they showed that the growth
of cobalt nanowire on Ni foam surface could increase the surface roughness. They used
the contact angle measurement to obtain wetting property and the result showed that

surface behavior of their samples is highly hydrophobic with a high contact angle of
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(156+2)° and sliding angle of 2° as shown in figure 2.10(a-b). The oil-water separation
treatment is shown in Figure 2.10(c-d). This sample can be used to separate the liquid
mixture between oil and water. This is due to the polymer of FAS behaving like
hydrophobic material for only water which repels water droplets but hydrophilic
material for oil. From these results, this process was served to develop the surface
materials as Ni foam which could be applied in various application in the future. Wang
and his team have reported the fabrication of Ni foam base on oil-water separation
(Wang et al., 2015). They used a simple one-step copolymerization method to modify
the surface of Ni foam by coating the organic film on Ni foam surface with dopamine
and octadecylamine. In the characterization process, they showed that the water contact
angle was (154+2)° and the sliding angle was (4£1)°. In the oil-water separation

treatment, it was found that modified-Ni foam sample can fast removed oil from water.

a)

d)

cyclohexane

water

Figure 2.10 Ni foam treatment for oil-water separation (a) the original Ni foam sample,
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(b) the Cobalt nanowire growth on Ni foam, and (c-d) the oil-water separation (Gao et

al., 2014).

2.6  Light illumination induce wetting properties and specific

capacitance

Light irradiation is a technique which is used to modify the surface material as
well as the surface property. The material, which possesses the ability to control surface
property, is called the smart material or self-cleaning material. The mechanism for light
irradiation induced wetting property modification relies on the response of the surface
where the energies of light can conduct the surface composition by chemical forming.
In the other meaning, the effect of light irradiation can etch the surface of the substrate
which results in the surface structure and the changed of its surface property. The light
source of most experiments are based on the UV light and the most studied materials
are metal oxides. Some oxide materials can respond to UV light irradiation because
they have suitable band gap which can conduct and create the oxygen vacancies. The
oxygen vacancies can induce the special property in oxides. UV light can be used to
control the wetting property which is also called as UV light photo-oxidation method.

Materials were studied for wetting properties under irradiation. In general, they

will be semiconductor oxide materials such as TiO, and ZnO. Because these materials

have the characteristics of the band gap appropriate to respond to light. So when light
falls on the material, it will lead to the creation of the electron-hole pair. The electron-
hole pair will interfere with the surrounding molecule. This will result in the formation
of surface hydroxylation. This will cause the wetting property of the material to change.

TiO, is a well-known material because it is used in many industrial applications, such

as coating materials on the glass, which can be cleaned. In addition, it has special optical
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properties: light affects the surface property by causing the light to induce it to become
a good hydrophilic state and has contact angle values close to 0°. When it is placed in
a dark place, its surface property is reversed, and the contact angle is increased to its
original value. (Wang and Hashimoto, 1998) at the work, they studied the wetting

properties of TiO, under UV light irradiation. They prepared the TiO, thin film

polycrystalline from anatase sol on glass substrate, which made anneal at 773 K. The
contact angle before UV light irradiation is approximately 72° and change to
approximately 0° after the UV light exposure.

Moreover, the sample was kept in the dark lead to not transparent. Whereas,
when the under irradiation sample is on the same area the sample is covered by water
and good transparency. Therefore, irradiation results in the surface of the sample
indicate that the sample increase hydrophilicity. On other hand, hydrophilic property
can be reversible when the sample is placed in a dark place, the contact angle is
increased with increasing time. The effect of UV light irradiation on high performance
of hydrophilic property is reported by Banerjee and Dionysiou. There are various
models were supposed to understand the mechanism of photo induced hydrophilicity.
First, the UV irradiation leads to a structural change. It can be implied that UV
irradiation generates oxygen vacancies. Other model, the UV irradiation causes the
reconstruction of hydroxyl group at the surface. Mills also reported the self-cleaning
action of TiO, prepared using chemical vapour deposition technique. Photocatalytic
surfaces were irradiated with UV lamps (254 nm wavelength) as a function of time. The
contact angle firstly measured had been found to be 67° and then after 60 min
irradiation, the contact angle value was decreased to 0°. However, the wettability of

TiO, coatings after storage in the dark are increased with the increasing time. This
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result caused by the oxygen vacancy which induced hole at the surface and deconstruct

Tiand O bond. These Tiand O react with H,0 molecule which generates the hydroxyl

group at the surface.

Oxygen Vacancies
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Figure 2.11 UV light exposure on TiO, surface (a) the wettability of TiO, surface and

(b) the schematic of photo-induced hydrophobicity. (Banerjee, Dionysiou, and Pillai,

2015).
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Figure 2.12 The variation of water contact angle as the function of time under UV light
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irradiation and the inset diagram observe the dark recovery. (Mills et al., 2003).

Caputo et al. reported the process of UV light switchable the wetting properties.
In their work, they studied the wetting properties of TiO,which could be changed the
surface behavior from a hydrophobic surface to a hydrophilic surface under UV light
irradiation. In the experiment, they fabricated the surface substrate of Si wafer by using
the photo-lithography as a patterned surface substrate with TiO, coating on the top
surface. For the wetting property with UV light irradiation experiment, they found that
the water contact angle could be changed from hydrophobic surface to hydrophilic
surface as shown in Figure 2.13 The explanation of this mechanism could be explained
by the UV light irradiation induced some vapor molecules in the air to form the OH"
groups on TiO, surfaces by the chemical reaction process. The nature property of OH-
group is to attract to the water molecules which leads to the changing of the surface
behaviors. In the opposite investigation without light, they found that the OH groups

were reduced from TiO, surface because it had not enough energies to create the

electrons and holes to form OH groups with the chemical forming process. In another
experiment, Gu and his teams reported the fabrication of superhydrophobic materials
by using the UV-photo oxidation method to fabricate the sample (Gu, Qi, Wu, Zeng,
and Song, 2014). In the experiment, they prepared the substrate by using the polyimide
(PI) film as a substrate. The modification of surface substrate could be achieved by
using UV light irradiated on the substrate and the polymer of fluoroalkysilane (FAS)
was coated on the surface substrate after UV light irradiation. In the measurement, they
characterized the wetting property of the surface substrate

and found that under UV light irradiation the surface roughness of surface substrate was
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increased from 1.74 nm to 53.70 nm. Also, to modify the surface after UV light test
with FAS, the water contact angle was increased from 105.1° to 159.2°. So this
technique of UV light irradiation suited to apply for the fabrication of superhydrophobic

surface and various application.
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Figure 2.13 The pattern fabrication process and UV light irradiation induce OH"group

(Caputo et al., 2009).

The significance of light irradiation in a field of electrochemical property
concerns to the enhancement of specific capacitance of the supercapacitor device. The
supercapacitor device is a type of the energy storage which use to collect electrical
energy in term of the charge carriers. The potential application of the supercapacitor
relies on the material property. It is designed as electrode materials which lead to the

development of specific capacitance or areal capacitance properties. The application of
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the supercapacitor can be applied in various fields of electrical devices such as mobile
phone, power supply, and solar cell. Light irradiation is one method to enhance the
electrochemical property without changing intrinsic elements.

Kalasina et al. reported the result of light irradiation to increase the areal
capacitance. In this work, they used Cobalt hydroxide material (2.85 eV energy gap) to
fabricate an electrode for the supercapacitor device. In the experiment, they prepared
the electrode of a device corresponding to the double layer of Cobalt hydroxide
substrate by a sheet-like structure. To study the electrochemical property, they
irradiated the blue LED on the electrode during the cyclic voltammetry measurement
in 6M KOH electrolyte. The result in experiments provided that the areal capacitance
of modification device under LED blue light was increasing compared to the original
device without blue light treatment as shown in figure 2.14(a-b). The explanation of

areal capacitance increasing has been described by the creation of charge carriers with

a redox reaction.
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Figure 2.14 Cyclic voltammetry measurement (a) the CV curve of 2 Co(OH), as a

capacitor in 6 M KOH electrolyte and (b) the areal capacitance (Kalasina et al., 2017).



CHAPTER HI

RESEARCH AND METHODOLOGY

In this part, we will introduce methods to prepare NiO/Ni foam sample and the
process to characterize the surface and electrochemical properties. After the
experimental results, the explanation of NiO/Ni foam surface property and the
mechanism of NiO/Ni foam under UV light irradiation will be discussed. The procedure

of this work can be summarized as below.
3.1 Sample preparation

In this work, we prepared NiO/Ni foam by the thermal oxidation process. Ni
foam was obtained from the commercial Ni foam with purity of 99.99% (MTI corp.).
Before the experiment, we cleaned the Ni foam in a two-step. First, the Ni foams were
cut in size of 3x5 cm? as shown in figure 3.1(a), cleaned by ultrasonic method for 30
min in acetone, ethanol and DI water, respectively, to remove their surface
contaminants such as oil and an organic compound. Second, these Ni foams were then
immersed in HCI acid solution as the concentration 1 M for 1 hr to remove some
excessive oxide over layer. The obtain Ni foam, the as-prepared sample was washed
several times with ethanol and DI water to remove HCI acid, respectively, and dried in
an oven at 50 °C for 1 hr. After cleaning process, we synthesized NiO/Ni foam by
thermal oxidation process. Ni foams were calcined in ambient pressure at 500 °C for 1
hr with heating rate 5 °C/min which was the normal condition to form NiO/Ni foam.

The sample surface after calcining process was found to change the color from grey to
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black color which indicated the formation of NiO films on Ni foam (NiO/Ni foams) as
shown in figure 3.1(d). The prepared NiO/Ni foam were then studied the surface
property and electrochemical property by using the contact angle measurement and

cyclic voltammetry measurement under UV light irradiation.

a) Ni foam b) Cleaning process

c) Calcination process d) NiO/Ni foam

500c/1hr in air evironment

Figure 3.1 The sample preparation process (a) Ni foam before cleaning, (b) Ni foam in

cleaning process, (c) calcination process, and (d) NiO/Ni foam.

3.2 Sample characterization

3.2.1 X-ray diffraction: XRD
The x-ray diffraction technique is the method to study the arrangement
of atom structure, the identification of the element in the crystalline structure, and the
providing information on unit cell dimension. This technique can be classified the
difference between amorphous and crystal including to some physical properties of

materials. The principle of x-ray diffraction or XRD technique is based on the
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constructive interference wave of monochromatic x-rays and crystalline sample. X-ray
beam is generated from a cathode ray tube and controlled the energy by monochromatic
crystal as shown in figure 3.2(a). In the process of x-ray interaction, when the x-ray
beam incident on the sample surface which represents the wave input. It then reacts to
the atom of a sample that results in the scattered beam to create the second wave which
represents as wave output. This x-ray beam is combined to be the destructive
interference and constructive interference that can identify the structure of materials
with an explanation by Bragg's law as equation below as shown in figure 3.2(b). As
2dsind = nA Where d is the lattice interatomic spacing in the crystal (m), n is an integer,
0 is the diffraction angle (degree), and A is the wavelength of x-rays bream (m). In the
characterization process, the intensity of x-ray bream is directly applied to an incident
on the sample surface, and then the detectors detect the bream output as the function of
intensity represent | (a.u.) via the scanning rage of 20 angle (degree). The result is
plotted as the diffraction peak of XRD pattern which can be used to identify the atomic
element, atomic distance, atomic arrangement structure, etc. This information is
achieved by comparison of the standard reference pattern, and it can be applied in many

fundamental types of research for studying the structure of materials.
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Figure 3.2 The x-ray diffraction principle (a) inside the instrument and (b) procedure

of x-ray diffraction process.

3.2.2 Scanning electron microscopy: SEM

Scanning electron microscopy is one technique to characterize the
surface morphology of material by using the high energy of electron beams to scan on
the sample surface. The principle of scanning electron microscopy relates to the
accelerated electron from an electron gun to produce the x-rays beam. Scanning electron
microscopy technique relies on the interaction between electron beam and electron
around an atom of materials to create the waveform as the signal which can be converted
to the morphology of materials surface. During the x-rays beam incidents on the surface
material that generate the electrical signals. There are many signals including such as a
secondary electron, backscattered electron, diffraction backscattered electron photons,
visible light, and heat. These signal can be used to identify the structure of the material.
In the morphology and topography images are obtained from the secondary electron and

backscattered electron signals. This measurement is non-destructive technique because
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it is not damaged the sample surface. In the experiment, when the electron beam from
the electron gun incident on the sample surface. This electron will interact with electrons
near atomic on the specimen surface that lead to scattering electrons of a sample surface
and can be detected by the detector. The electron detector can convert the data of electron
signal as an electrical signal to the importance data to be the morphology of the sample
surface, crystalline structure, chemical composition, electrical conductivity, and the
orientation of materials. In the sample preparation to do SEM, the sample must be
conducted electrical or coat with metal materials due to the SEM can detect only an

electron. The basic concept of SEM shows in Figure 3.3 below.

Electron Electron Gun

Magnetic
Lens

To TV
Scanner

Scanning
Colis

Secondary
Electron
Detector

Specimen

Figure 3.3 The scanning electron microscopy instrument.
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3.2.3 Lightirradiation setup and Contact angle measurement

The contact angle measurement is the technique to investigate the
surface properties of materials. The effect of surface treatment is attractively studies in
various part of fundamental research in surface science such as wetting properties,
water repellency, and abrasion resistance which can apply in the various field of
industrial application.

In this work, we focus on the wetting properties. The definition to study
the wetting properties of materials can be explained by Young's equation that concern

to the relationship between the contact angle and the surface energies as below.
vV —y*- =y~ coso (3.1)
Where y°Vis the solid surface free energy ( J/m?), y°is the solid-liquid interface free

energy (J/m?), v is the liquid surface energy (J/m? ), and is contact angle (degree).

These parameters relate to the surface free energy of the system
containing between solid, liquid, and vapor. In the ideal of this relationship can be
introduced by a liquid droplet which contacts on the solid surface and results to force
acting at the interface. There are two forces acting represent to be the adhesive force
involve the interaction molecules between liquid and solid at the interface and the
cohesive force which relate to the interaction of liquid molecules.

In this work, we attempt to study the surface properties of NiO/Ni foam
surface under UV light irradiation. The experimental setup and the characterization
process consist of many steps. A 405 nm UV laser was used as a UV light source for
the UV light irradiation experimental setup. The laser was connected to the power
supply which the intensity of laser can be adjusted by varying applied voltage. The UV

light intensity was measured by an Optical power meter (Thorlabs model PM100D). In
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the experimental measurement of contact angle, a UV light was exposed perpendicular
to the NiO/Ni foam surface at a distance 5 cm away from the sample surface as shown
in figure 3.4(a). After UV light irradiation, a contact angle measurement was then
immediately performed on irradiated NiO/Ni foam surface. A DI water droplet 10uL
was dropped on NiO/Ni foam surface. A high-resolution camera was used to take the
snapshot of the water droplet and then conducted to process the black-white image by
using ImageJ program. The angle formed between the solid/liquid interfaces is
represented to be the contact angle: CA. The process to measure the contact angle
relates to the profile of water droplet on a sample surface. The profile of two-
dimensional of water contact angle was taking between the solid and the droplet profile
as shown in figure 3.4(b). In this work, the contact angle measurement was performed
in two conditions such as the function of time exposure (0-30 min with 50mW fixed
intensity) and UV light intensity (0-130 mW with 30 min fixed time exposure).

UV light exposure Camera captures water droplet
% A

UV light

") 10uL

CER T

T

Figure 3.4 The contact angle measurement process (a) setup experiment and (b) contact

angle measurement.
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3.2.4 Cyclic voltammetry measurement

In the cyclic voltammetry measurement is the technique to characterize
the electrochemical properties of the materials for studying the redox reaction on the
sample surface. It is widely used various fundamental research to analyze the
information about the electrochemical reaction process. In the experiment of my work,
we apply the voltage through the electrode cell as varying the scan rate and window
potential until the signal is stable while detecting the current signal during the operation.
All data from the measurement can be used to plot in function as current vs. voltage
curve (CV curve) which leads to explain the electrochemical with the redox reaction
process that concern to what the peak of the curve is oxidation or reduction reaction
process. The relationship of the peak and CV curve gives the information of the
chemical process. This result can be used to indicate the element state of chemical
reaction follows with the peak characteristic as oxidation reaction process or reduction
reaction process. In the current-voltage curve of measurement can be used to calculate
the capacitance of materials that relate to the potential of materials to store charge.

In the calculation, we can bring the data from the experiment input to
Igor program and plot c-v curve measurement to calculate the specific capacitance. The
capacitance of NiO/Ni foam can be determined and compare between UV light and no
UV light. The specific capacitance can be calculated by the equation below.

1
mvAv

C =

S

[1(t)dt (3.2)

Where C.is specific capacitance (F/g) of NiO/Ni foam, AV is operation potentials

windows (V), Vv is scan rate (mV/s), mis mass of sample (g), and | I(t)dt is an area of

the current-time curve, respectively. And the diagram of cyclic voltammetry as shown

in Figure 3.5.
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Figure 3.5 Cyclic voltammetry measurement setup.

3.25 X-Ray Photoemission spectroscopy

In the studying of the chemical forming on surface of materials, we used
the x-ray photoemission spectroscopy: XPS at beam line 5.3 (XPS) of Synchrotron
Light Research Institute (SLRI). This technique is the process to analyze the chemical
element on the sample surface by using the x-ray beam incident on sample surface. It
can be apply in various material such as metal, glass, ceramic, plastic, and
semiconductor. The principle of x-ray photoemission spectroscopy technique rely on
photoelectric effect show as figure 3.6. When the x-ray beam or photon light with
energy hv was incident to atom of sample surface. This atom absorbed the energy until
the electron escape from the orbital which had the kinetic energy. It was detected by
the instrument of XPS technique which represent to be intensity. From this intensity, it
accord to the binding energy of each element which can be used to identify the chemical
element of the sample. Also when electron leave from the orbital the nearby electron
will stead as same position call relaxation electron. It will emits the energy in form x-
ray fluorescence. When this energy collides to valence electron until it escape from the

orbital call auger electron. So from the process of electron emits the energy we can used
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this technique to measure the kinetic energy of electron. The relation between spectrum
of energy or intensity and binding energy can be used to identify the element because
these element will give the characteristic spectrum The kinetic energy can be calculate
from the equation 3.3.

Ex=eVs=hv - W —Es (3.3)

where W is work function (eV), h is Plank’s constant,Vs is stopping potential, Eg is
binding energy, Ex is kinetic energy of photo-electron, e is the electron charge and v is

the frequency of incident light.

Photon-in

Figure 3.6 X-ray photoemission spectroscopy technique (http://www.slri.or.th).



CHAPTER IV

RESULTS AND DISCUSSION

The contents in this chapter are sample characterization by X-ray diffraction
and scanning electron microscopy. The wetting and electrochemical properties were
studied by contact angle and cyclic voltammetry measurements. The contact angle was
used to study the wetting property which has been applied in two conditions e. g. as a
function of irradiation time and light intensity. Surface morphology and crystal
structure of the samples annealed with different temperature have been characterized
by XRD and SEM. Next, the electrochemical property was measured by cyclic
voltammetry which can be used to study the chemical specie changing under light
irradiation. The changes of wetting property in NiO/Ni foam under UV irradiation will
be discussed in this chapter. Overall results shown in this chapter might be concluded
that the wetting property can be modified by the changes of surface roughness and

surface energy of chemical forming.

41 X-ray diffraction patterns of NiO in different annealing

temperature

We attempt to study the formation of NiO on Ni foam by using X-ray diffraction
technique. For calcination process of Ni foam, we found that the XRD pattern was
changed as shown in Figure 4.1.1 From this result, we can see the Ni peaks which can

be labeled by (111), (200), and (220) taken from the standard database in all sample.
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The mechanism of forming the NiO film on Ni foam can be explained by the
decomposition of thermal reaction due to the oxygen forming reaction. This result
shows the change of crystal structure of sample Ni foam calcined at different
temperature (0 °C, 400 °C, 500 °C, 600 °C, and 700 °C, respectively). From XRD
pattern, the pure Ni foam shows only Ni phase emerged at the angle (26) equals to 45°,
52°, and 78°, respectively. The XRD pattern of the sample annealed at 400 °C does not
change which can be described that the annealing temperature below 400 °C cannot
change the Ni foam structure. However, at annealing temperature between 500 °C to
700 °C, there are some new peaks emerged which is increasing as annealing
temperature increases. These peaks refer to the NiO which suggest the formation of
NiO on Ni foam upon increasing temperature. Overall, from XRD results, NiO phase
can be formed by annealing the Ni foam at temperature higher than 500 °C. The samples

with NiO phase will be later called as NiO/Ni foam.
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Figure 4.1 X-ray diffraction patterns of Ni and NiO/Ni foam under annealing

temperature ranging from 0 °C, 400 °C, 500 °C, 600 °C, and 700 °C, respectively.
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4.2 Sample morphology characterized by scanning electron

microscopy and energy dispersion spectroscopy.

The SEM results of Ni foam and annealed Ni foams at different temperature are
shown below. Figure 4.2(a-b) shows the morphology or Ni foam using 100x and 5000x
magnifications. From this figure, they show a big pore where the Ni are formed
homogeneously. SEM image of pure Ni foam formed as a stacked-porous structure.
The zoom-in image of Ni particle (grey area of Figure 4.2(a) shows the smooth surface

covered by small dots (Figure 4.2(b)).

Figure 4.2 SEM of pure Ni foam before annealing (a) 100x and (b) 5000x

magnification.

The Ni foam annealed at 400 °C for 1 and 2 hrs were investigated. As shown in
Figure 4.3(a), the Ni foam annealed for 1 hr exhibits some roughness on their surface.
At 20k magnification, it shows both rough and small pores on this condition (Figure
4.3(b)). Next, if the sample were annealed for 2 hrs, the surface starts to merge with
less pores than the 1 hr annealing condition.

Similarly, we made experiments to study its surface properties by increasing the
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Figure 4.3 SEM images of NiO/Ni foam annealed at 400 °C (a) for 1 hr, (b)

magnification of (a), (c) annealed for 2 hr, and (d) magnification of (c).

annealing temperature and also the annealing time. For example, the samples were
annealed at 500 °C and 700 °C for 1hr and 2 hr. The SEM image at 5k magnification of
the sample annealed at 500 °C for 1 hr shows the formation of rough surface which was
uniformly dispersed as shown in Figure 4.4(a). Later, when zooming this sample at 20k
magnification, as shown in Figure 4.4(b), the surface of it is uniformly distributed and
has a small porosity. In addition, it was found that if the annealing time were increased
to 2hr with 5k magnification, the surface of it is very rough and the formation of the
surface is a larger clump as shown in Figure 4.4(c). When zooming with 20k
magnification on the surface of this sample, the large clump form with higher porosity
as shown in Figure 4.4(d). We can conclude here that in the sample annealed at 500 °C

for 1hr and 2hr, there are several pores have been found and also some large grains are
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formed on the surface, indicating coexistence of high porous and surface roughness.
Then, when T is increased at T = 700 °C for 1 hr, the SEM images show uniformly
distributed porosity which are very massive compared to other samples. Finally, we can
conclude that annealing temperature and time can strongly affect to the surface
morphology of NiO/Ni foam especially surface roughness and porosity which are

strongly contribute to its surface properties.

Figure 4.4 SEM of NiO annealed at 500 °C (a) for 1 hr, (b) magnification of (a), (c) for

2hrs, (d) magnification of (c), (e) at 700 °C for 1h, and (f) magnification of (e).

We then studied the surface morphology of Ni foam sample as the function of annealing
shown as figure 4.5. These sample were calcined as the temperature 400 °C/1hr, 450
°C/1hr, 500 °C/1hr, and 600 °C/1hr, respectively. The surface morphology of sample
surface were characterized by scanning electron microscopy as the electron energy 5kv.

We found that the surface morphology changed from small surface roughness (Ni pure)
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to high surface roughness and more porous surface according to the increasing
temperature. In sample Ni foam 400 °C/1hr show the morphology of high surface
roughness and porous size of (36x3nm) as figure 4.5(b). When the temperature of
annealing was increased to 600 °C/1hr, we found that the porous size was increased to
(210+11nm) as shown in figure 4.5(d). In this result to the effect of annealing, the
surface roughness and the porous size increasing are effected to water contact angle

changing.

b) Ni 400c/1hr (d=36%3 nm) ¢) Ni450c/1hr (d=76%+7 nm)

Figure 4.5 SEM of Ni foam as the effect annealed for 1 hr at (a) Ni foam pure, (b) Ni

foam 400 °C, (c) Ni foam 450 °C, (d) Ni foam 500 °C, and (d) Ni foam 600 °C.

Later, we investigated surface morphology of annealed Ni foam sample under UV light
irradiation as the function of time. Time duration of UV light irradiation were set as
Omin, 30min, and 60min, respectively and fixed intensity of 200mw. Scanning electron

microscopy was used to study the surface. The comparison between the surface



48

morphology and the porous size as the function of time we found that the surface was
small changed as shown in figure 4.6(a-d).

0 min 30 min

,,,,,

Figure 4.6 SEM of Ni foam as the effect of UV light for (a) Ni foam 400 °C/1hr, (b) Ni

foam 450 °C/1hr, (c) Ni foam 500 °C/1hr, (d) Ni foam 600 °C/1hr.

In the studying of the chemical element in Ni foam as the function of annealing. These
sample were characterized by the energy dispersion spectroscopy. The electron as the
energy from 0 to 5 keV incident to the sample surface and the chemical element were
detected. The result from the figure 4.7 show three peak as Ni peak, O peak, and C peak

which peak represent to the atomic percentage of element. We found that the effect of
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annealing result to the atomic percentage of chemical element changing such as the Ni

peak of Ni foam pure had 77% and reduced to 50% of Ni foam 500 °C/1hr. The relation

of the chemical element changing with the effect of annealing are the once reason to

wetting property of Ni foam sample changing.
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Figure 4.7 EDS of Ni foam as the effect of annealed.

For the studying of the chemical element changing under UV light irradiation,

we characterize by comparison between before UV light and after UV light show as

figure 4.8-4.11. The result of the experiment shown the peak Ni and peak O under UV

light irradiation as Omin 30min, and 60min, respectively for all sample, we found that

the atomic percentage of chemical element of Ni peak were small changed than peak O

were changed from 33% to 40%. From this result, we know that the effect of UV light

can be change the chemical element a little which believe to result the wetting property

changing.
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Figure 4.8 EDS of Ni foam as the effect of UV light for Ni foam 500 °C/1hr.
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Figure 4.9 EDS of Ni foam as the effect of UV light for Ni foam 600 °C/1hr.
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4.3 Contact angle measurement

4.3.1 Contact angle variation of NiO/Ni foam under violet laser
irradiation
The result of contact angle measurement under UV light irradiation is
shown in Figure 4.10. In this work, we studied the effect of UV light irradiation in two
conditions, as a function of time exposure and UV light intensity. Figure 4.10(a-d)
represents the effect UV light as the function of time exposure that the water contact
angle is measured with varies of time from 0-30 min and fixed UV light intensity at 50
mW. We can see that the water contact angle is increased from 0° to 60° under UV light
irradiation exposure time. Figure 4.10(e) shows the plotting curves between the water
contact angle and time exposure that when increase time of exposure the water contact
angle will be stable and closely near to 60°. It is seen that the water droplet starts to
form on NiO/Ni foam depending on the exposure time of UV light. In the second
condition of contact angle measurement concern the function of UV light intensity and
fixed the time exposure at 30 min. Figure 4.10(f- i) are the profiles of a water droplet
on NiO/Ni foam with different of UV light intensity and we can see that water contact
angle is changed as a function of UV light intensity. The contact angle also is increased
from 0° to 60°. Figure 4.10(j) give the result of plotting curve between water contact
angle and UV light intensity when increase the UV light intensity the water contact
angle is stable and closely near to 60°. From these two measurement conditions, we can
see that both results are similar which can be concluded that UV dosing plays an
important role in the changes of wetting property. We think that the changes of surface
roughness as well as some chemical forming on NiO/Ni foam are obtained by UV

dosing.
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Figure 4.10 Droplet Photographs and contact angle measured in two different
conditions (a-e) the different exposure time with fixed intensity (50 mW) and (f-j) the

different intensity with fixed time (30 min).

4.3.2 Contact angle at different annealing temperature

To study the wetting properties under UV irradiation based on the
temporal relationship of the irradiation and the intensity of light exposure. The previous
section shows that the wetting property of the NiO/Ni foam annealed at 500 °C can be
changed. In this section, we have been studying the wetting property of the samples
annealed at 200 °C, 300 °C, 400 °C, and 600 °C for 1 hr, respectively (Figure 4.11). The
contact angle of the sample annealed at different temperature compared between the
non-irradiated and 30 min of 100 mW light irradiation. The droplets on the sample
which are not exposed to the light are shown in Figure 4.11(a) and the exposed sample
are shown in Figure 4.11(b). The samples annealed at T in the range of 300 °C to 400
°C for 1hr show no formation of water droplet or contact angle (angle=0°), which shows

that these samples are very hydrophilic and that their surface is a good hydrophilic
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surface. For the sample annealed at T = 600 °C for 1hr, the contact angle were measured
to be 92.6°. When exposed UV light to the sample for 30 min, the contact angle
increased slightly to 103.4°. It shows that it has more hydrophobic properties when
exposed to the UV light. As a result of this experiment, we can see that the irradiation
can result in a wetting property for the sample that is annealed at the temperature higher
than 500 °C. The changes of structural and chemical properties such as surface

roughness will cause the wetting property to change.

a) 0 min b) 30 min
200c¢/1hr -
300c/1hr -

Figure 4.11 The water droplet profile on difference NiO/Ni foam annealing
temperature (a) no UV light irradiation and (b) under UV light irradiation fixed

100mW.
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4.4  Cyclic voltammetry measurement

4.4.1 Cyclic voltammetry measurement measurement of NiO annealed at
different temperature
In this experiment, we will study the electrochemical property of NiO/Ni
foam annealed at 400 °C and 500 °C for 1 hr. This study investigated the relationship
between capacitance and scan rate values in those samples. In this study, the
experiments were carried out using cyclic voltammetry (CV) measurement using the 6
M KOH solution as electrolyte at room temperature. The NiO/Ni foam samples at T =
400 °C/hr were tested by varying the scanning currents and potentials at various scan
rates such as 2 mV, 15 mV, 10 mV, 20 mV, 30 mV, 40 mV, and 50 mV, respectively.
We can see that when increasing the scan rate, the larger CV loop is obtained as shown
in figure 4.12(a). The larger the loops of the graph reflects to the smaller value of the
capacitance. From the results of the capacitance calculation, it is found that the
capacitance decreases via increasing scan rate with capacitance values decreasing from
156.7 to 115.1 F/g. In addition, for the CV curve of the sample NiO/Ni foam annealed
at T =500 °C for 1 hr exhibits the same trend as the sample annealed at T = 400 °C/hr.
(Figure 4.13(a)). Based on the results, the capacitance value is little decreased from
23.310 22.5 F/g. Experiments show that the capacitance value decreases with increasing
scan rate. At the same time, it is also found that the higher the annealing temperature,
the lower the capacitance value which might indicates less chemical ability for the
sample with higher annealing temperature.
4.4.2 Effect of light irradiation on specific capacitance
The cyclic voltammetry (CV) measurement is used to understand the

electrochemical properties of NiO/Ni foam under UV light irradiation.
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Figure 4.12 CV of Ni foam annealed at 400 °C for 1 hr.

Our measurement was performed with and without UV light irradiation. The
experiment was conducted using three electrodes in 6 M KOH solution. Figure 4.14(a)
shows the C-V curves between with and without light irradiation. The CV area of
irradiated UV light sample was found to be bigger than without UV light. It was seen
that the oxidation and reduction peaks of NiO/Ni foam were increased under UV light

irradiation. Figure 4.14(b) shows the recovery of C-V curve after the UV light is turning
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off. It is precisely seen that the oxidation and reduction peaks are decreased after the
light is turning off. The specific capacitance can be calculated by using the area of C-
V curve (as shown in equation 2). Figure 4.14(c) shows the changes of calculated
specific capacitance under UV light irradiation as under UV light irradiation the
specific capacitance is increased from 15 to 35 F/g and no UV light are reduced from
35 to 20 F/g. From this result, the changing of capacitance can be described by the
creation of surface oxygen vacancy. It can be implied that such oxygen vacancies on
NiO/Ni foam results in more surface charge carriers and hence the increase of specific

capacitance is expected.
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Figure 4.13 CV of Ni foam annealed at 500 °C for lhr.
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Figure 4.14 The cyclic voltammetry (CV) curves of NiO/Ni foam (a) the CV curves
with and without UV light irradiation, (b) the recovery of CV curve after the light is

turning off, and (c) the specific capacitance value as a function of time.

4.5 X-ray photoemission spectroscopy measurement

In this section, we try to study the chemical forming on the Ni foam surface
which can be changed by the effect of annealing temperature and UV irradiation using
X-ray photoemission spectroscopy measurement. This technique can analyze the
surface properties of materials with high resolution and high reliability. This can
provide the oxidation state of the substance, chemical bonding, and elemental
composition on the surface of the material. In this study, we will study the chemical
forming properties of the surface under two conditions: the effect of annealing

temperature and the effect of UV light irradiation using Al Ka x-rays (1486.7 eV). The



58

XPS spectrum were measured between 0-1400 eV which can cover both Ni and O
peaks.

The XPS spectrum of Ni foam under different annealing temperature is shown
in Figure 4.15. Figure 4.15(a) shows XPS survey scans which are very similar for all
samples, Based on this measurement, the sample surface is mostly composed of Ni, O,
C as marked in the figure. The fine scans near several peaks of C1s, Ols, and valence
band are shown in Figure 4.15(b-d). We find that the characteristics of these peaks are
markedly different. For C peak, it was found that two peaks firstly occurred and slowly
and then disappeared when annealing temperature increased. For O peak, the peak is
changed from one to two peaks when is temperature increased which might be related
to the new O-Ni bond. The XPS of Ni peak is shown in Figure 4.15(e). For Ni foam,
there is only one Ni peak occurred at binding energy around 855 eV. By annealling the
sample, there is an extra peak emerged (8 56 eV) which is assigned as Ni** (NiO). By
fitting the peak between Ni® and Ni**, there is small different in ratio in different
annealing temperature. We believe that the difference in the amount of trace elements
on the surface of this sample might relate to the wetting property.

Next, we study the surface properties of Ni foam by the effect of UV light irradiation.
In this measurement, we focus of the XPS fine scans of Cls, Ols, and Ni peaks,
respectively. The XPS results were carried out at Omin, 30min, and 60min time of
irradiation, respectively. In the sample annealed at 500 °C/1hr, it was found that the C
peak under UV irradiation are similar. As shown in Figure 4.16, the Ni peak position
and ration between peakl and peak2 does not change under UV irradiation. This
behavior is similar for the case of the samples annealed at 400 °C/1hr, 450 °C/1hr, and
600 °C/1hr. From above result, we can say that UV irradiation can slightly change the

chemical formation compared with the effect of annealing temperature.



59

| I I | | | | I
a) Ni
Ni o |
c 1
1 Ni 0]
I | Ni
C I v
J ' |
- A A
=] handl v
s
>
F * A
]
£
_“4“‘4._»
— N . |
At st
A o
| | | ] | 1 I o
1400 1200 1000 800 600 400 200 0
Binding Energy (ev)
3500 b) C)
FT T T T e T
Cispeak __ e ' ' I O1s | — N
— N 400C = Ni 400c
3000 — — — Ni 450c
= Nis00e 15000 - =N so0e 1
— = Ni 600c — m— Ni 500
12500 Ld
L 2
22000 %.10000 - |
8 3
£1500 =
= 5000 —
1000
500 k=1 ] | | -4 01 | | | | 1 —
295 290 285 280 275 533 532_ 5?1 530 529 528
Binding Energy (ev) Eingding Energy (ev)
d) e)
1400 7 T . I g I | T I Ni 203 T K I
i 2p3 pea
1200 |- VT B
1000 1= =iz 1. S\
S goo b =i 48 ,
Fnd = Ni600c - Ni 500c
8 600 5 Ni 450c
£ =
400 = _f'/\%
200 -&___mﬂm_
[1 ] = | 1 | 1 | 1 | | | |
12 8 4 0 858 856 854 852

Binding Energy (ev)

Binding Energy (ev)

Figure 4.15 XPS of Ni foam as the effect of annealed (a) survey scan, (b) C1s peak, (c)

O1s peak, (d) V peak, and (e) Ni 2p3.



60

a) 3500 | T T T b)) ——————7 7
Sample 500c/1hr 14000 Fgample 500c/1hr 7]
- C1s peak 1 k
3000 P 12000 O1s pea — Womin
= UV 0 min :
- — V30 min_|=~ — Jv30min
32500 — — UV 0 min —.3 10000 =— UV 60 min—
2 =
£ 5000 = 8000 —
5 5
= = 6000 —
£ 1500 £
4000 —
1000
2000 —
| | | | l | | | | |
295 290 285 280 275 532 531 530 529 528 527
Binding Energy (ev) Binding Energy (ev)
d
c) T T T T T T T T ) T T T
Sample 500c/1hr
Sample 500c/1hr V peak 30000 |
1500 - Ni 2p3 peak
7 325000 = -
< , 2 UV 60 min
1000 |— == UV 0 min —
%' — UV 30 min %‘20000 -
c w— J\/ 60 min c
2 2
£ £
500 - 15000
10000
0
12 8 4 0 858 856 854 852
Binding Energy (ev) Binding Energy (ev)
e)
Point Sample_500c ratio_500c
0 UV 0 min 1.04336
1 UV 30 min 1.13167
2 UV 60 min 1.03777
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4.6

Discussion

The aim of this research is to study the wetting properties of NiO/Ni foam under

UV light, it can be seen that this property changes upon light exposure. This irradiation

results in its surface property being changed. This change can also be affected by other

factors. From the results above. We find that the Ni foam annealed from 300 °C for 1
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hr to 700 °C for 1 hr results in a change of the sample surface. This means NiO can be
formed on Ni foam and can be increased with increasing annealing temperature. In
addition, surface changes can be observed from SEM imaging. We find that the
morphology of the sample surface is more rugged and porous. This can be used to
indicate that the surface property has changed. This change in surface property can also
be tested by examining its wetting properties by measuring the contact angle of the
droplets on samples annealing at temperature ranging from 200 °C to 600 °C. We can
see that the contact angle is increased for samples annealed at T=500 °C/1hr. In this
section we believe that it is related to the increasing of its surface roughness. This is
going to make the contact surface of the material and liquid decreased. This is related
to the reduction of the adhesive force at the interface of liquid and solid. We also found
that UV irradiation results in a change in the wetting property. The contact angle of it
increases with the time of exposure and the intensity of light. In addition, the study of
the electrochemical properties of NiO/Ni foam was compared with that of light
irradiation and non-irradiation. The CV curve and capacitance measurements showed
that the capacitance of the samples increased during exposure. When the light is
stopped, its capacitance decreases back. This increase or decrease in capacitance values
is related to the formation of electrons, holes, and oxygen vacancies. It results in the
formation of some species groups occurring at the surface and increasing the species
group. These will result in a change in electrochemical reactions and better electrical
conductivity. Similarly, the contact angle changes with the exposure. We may be able
to explain that, while we were lighting up the UV light on the sample that was airborne
around. Light may be stimulated or induced by electrons, holes, and oxygen vacancies,
as well as by measuring the CV, and these particles may react with the surrounding air

to form another substance. On the sample surface, such as hydroxyl group and
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hydrophilic groups, etc., these substances may increase or decrease. Measurement of
these phenomena might be done by the XPS technique. From XPS result, we found that
all samples have similar elements including Ni, O, and C. Samples with different
annealing temperature clearly show the change of XPS curves for Ni and O peaks.
Sample with UV light irradiation shows insignificant changes. Here, we might conclude
that annealing the sample can change the structural formation while UV light irradiation
does not change the structure of the sample surface. So, the occurrence of these
substances will result in a change in the wetting properties. Studying the wetting and
electrochemical as well as the use of light irradiation to control and modify the

properties will be very interesting.



CHAPTER V

CONCLUSION AND SUGGESTION

5.1 Conclusions

In this work, we try to study the wetting and electrochemical properties of
NiO/Ni foam under UV light irradiation. NiO sample preparation were fabricated by
thermal oxidation process as the temperature from 0 °C to 600 °C in air environment.
The properties of sample surface were investigated by using scanning electron
microscopy, contact angle measurement, cyclic voltammetry measurement, energy
dispersion spectroscopy, and x-ray photoemission spectroscopy. As the result in our
experiment, we found that the NiO/Ni foam can be acquired by calcining the Ni foam
at 500 °C for 1hr confirmed by the x-ray diffraction patterns. In the water contact angle
measurement we found that the surface behavior change from hydrophilic (0°) to
hydrophobic (90° and 120°) were obtained by increased the annealing temperature up
to 600 °C. So from the attemption to study the change of wetting property of NiO/Ni
foam under UV light irradiation using contact angle measurement. We found that water
contact angle were increased from 0° to 60°. The contact angle of water droplets is
increased depending on the exposure of time and UV light intensity. This means that
by introducing UV light on the surface, the wetting property of NiO/Ni foam is
changed. Also to the specific capacitance were increased from 15 F/g to 35 F/g. By
using cyclic voltammetry (CV) measurement, we found the increase in specific

capacitance under UV light irradiation. The specific capacitance decreases close to the
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original value after the light is turning off UV. The increase of contact angle and
specific capacitance as well as the understanding the intrinsic mechanism of NiO/Ni
foam UV light irradiation should help in the development fundamental researches and
applications.

The new chemical species group were observed by CV curve measurement
which relate to new chemical forming on sample surface. This special group might be
effect the changing of surface property. For the morphology of sample under annealing
temperature show that the surface roughness increasing and porous size increased from
(d=36+3 nm) to (d=210£11 nm). In the studying of chemical forming on sample
surface it clearly seen the changing to C peak, O peak, and Ni peak under effect of
annealing temperature. For the emergent of C peak, O peak, and Ni peak under UV
light irradiation we seen that the chemical forming does not much change. So we might
be conclude that the effect of annealing temperature effect to the sample surface
properties change. The chemical forming under UV light irradiation does not change
the structure of the sample surface. The controllable of annealing temperature and UV
light irradiation are good process to optimize the wetting and electrochemical

properties.

5.2 Improvement and future plan

In the studying of NiO mechanism under annealing temperature and UV light
irradiation have more limitation in the experiment. The understanding of wetting and
electrochemical properties, we have to do more experiment and characterization. The
investigation of surface properties, the chemical specials group should be characterized

by using Raman spectroscopy and Fourier-transform infrared spectroscopy techniques.



65

Also with the porous size and surface area should be performed by using BET
technique. However, the studying of light irradiation effect will be take in various
wavelength such as green light and red light. For the investigation of wetting property
we will be choose the other liquid to do experiment. So from the addition of
understanding, we can control these effect which will be apply to various application

in the future.



REFERENCES

Banerjee, S., Dionysiou, D. D., and Pillai, S. C. (2015). Self-cleaning applications of
by photo-induced hydrophilicity and photocatalysis. Applied Catalysis B:
Environmental. 176-177: 396-428.

Bellanger, H., Darmanin, T., Taffin De Givenchy, E., and Guittard, F. (2012).
Superhydrophobic hollow spheres by electrodeposition of fluorinated poly (3, 4-
ethylenedithiopyrrole). RSC Advances. 2(29): 10899-10906.

Caputo, G., Cortese, B., Nobile, C., Salerno, M., Cingolani, R., Gigli, G., Davise
Cozzoli, P., and Athanassiou, A. (2009). Reversibly light-switchable wettability
of hybrid organic/inorganic surfaces with dual micro-/nanoscale roughness.
Advanced Functional Materials. 19(8): 1149-1157.

Chen, F., Xu, W., Huang, S., Liu, J., Song, J., and Liu, X. (2016). Plasma
Hydrophilization of Superhydrophobic Surface and Its Aging Behavior: The
Effect of Micro/nanostructured Surface. Surface and Interface Analysis. 48(6):
368-372.

De Los Santos Valladares, L., lonescu, A., Holmes, S., Barnes, C. H. W., Bustamante
Dominguez, A., Avalos Quispe, O., C. Gonzalez, J., Milana, S., Barbone, M., C.
Ferrari, A., Ramos, H., and Majima, Y. (2014). Characterization of Ni thin films
following thermal oxidation in air. Journal of Vacuum Science & Technology B,
Nanotechnology and Microelectronics: Materials, Processing, Measurement,

and Phenomena. 32(5): 51808.



68

Gao, R., Liu, Q., Wang, J., Liu, J., Yang, W., Gao, Z., and Liu, L. (2014). Construction
of superhydrophobic and superoleophilic nickel foam for separation of water and
oil mixture. Applied Surface Science. 289: 417-424.

Gonzélez, A., Goikolea, E., Barrena, J. A., and Mysyk, R. (2016). Review on
supercapacitors: Technologies and materials. Renewable and Sustainable
Energy Reviews. 58: 1189-1206.

Gu, H. Y., Qi, Z. Y., Wu, W., Zeng, Y., and Song, L. X. (2014). Superhydrophobic
polyimide films with high thermal endurance via UV photo-oxidation. Express
Polymer Letters. 8(8): 588-595.

Khranovskyy, V., Ekblad, T., Yakimova, R., and Hultman, L. (2012). Surface
morphology effects on the light- controlled wettability of ZnO nanostructures
Surface morphology effects on the light-controlled wettability. Applied Surface
Science. 258(258): 8146-8152.

Kumar, G., and Prabhu, K. N. (2007). Review of non-reactive and reactive wetting of
liquids on surfaces. Advances in Colloid and Interface Science. 133(2): 61-89.

Lamour, G., and Hamraoi, A. (2010). Contact Angle Measurements Using a Simplified
Experimental Setup. American Chemical Society. 87(12): 1403.

Kalasina, S., Pattanasattayavong, P., Suksomboon, M., Phattharasupakun,
N.,Wutthiprom, J., and Sawangphruk, M. (2017). A new concept of charging
supercapacitors based on the photovoltaic effect. Chemical Communications.
53(4): 709-712.

Liang, J., Wang, Y.-Z., Wang, C.-C., and Lu, S.-Y. (2016). In situ formation of NiO on

Ni foam prepared with a novel leaven dough method as an outstanding



69

electrocatalyst for oxygen evolution reactions. Journal of Materials Chemistry
A. 4(25): 9797-9806.

Liang, W., Zhu, L., Li, W., and Liu, H. (2015). Facile fabrication of a flower-like
nanorod film with tunable wetting transition and excellent stability. RSC
Advances. 5(48): 38100-38110.

Lu, Y. M., Hwang, W. S., Yang, J. S., and Chuang, H. C. (2002). Properties of nickel
oxide thin films deposited by RF reactive magnetron sputtering. Thin Solid
Films. 420-421: 54-61.

Si, Y., Chen, L., Yang, F., Guo, F., and Guo, Z. (2018). Stable Janus
superhydrophilic/hydrophobic nickel foam for directional water transport.
Journal of Colloid and Interface Science. 509: 346-352.

Tam, J., Palumbo, G., and Erb, U. (2016). Recent advances in superhydrophobic
electrodeposits. Materials. 9(3): 1-27.

Tang, X., Wang, T., Yu, F., Zhang, X., Zhu, Q., Pang, L., Zhang, G., and Pei, M. (2013).
Simple, robust and large-scale fabrication of superhydrophobic surfaces based on
silica/polymer composites. RSC Advances. 3(48): 25670-25673.

Wang, R., Hashimoto, K., Fujishima, A., Chikuni, M., Kojima, E., Kitamura, A.,
Shimohigoshi, M., and Watanabe, T. (1998). Photogeneration of Highly
Amphiphilic. Advances Materials. 10: 2

Wagner, N., and Theato, P. (2014). Light-induced wettability changes on polymer
surfaces. Polymer (United Kingdom). 55(16): 3436-3453.

Wang, C. F., Tzeng, F. S., Chen, H. G., and Chang, C. J. (2012). Ultraviolet-durable
superhydrophobic zinc oxide-coated mesh films for surface and underwater-oil

capture and transportation. Langmuir. 28(26): 10015-10019.



70

Wang, G., Zhang, L., and Zhang, J. (2012). A review of electrode materials for
electrochemical supercapacitors. Chemical Society Reviews. 41(2): 797-828.

Wang, Y., Li, B., Liu, T., Xu, C., and Ge, Z. (2014). Controllable fabrication of
superhydrophobic coating with improved transparency and thermostability.
Colloids and Surfaces A: Physicochemical and Engineering Aspects. 441:
298-305.

Wang, E., Wang, H., Liu, Z., Yuan, R., and Zhu, Y. (2015). One-step fabrication of a
nickel foam-based superhydrophobic and superoleophilic box for continuous oil-
water separation. Journal of Materials Science. 50(13): 4707—-4716.

Xu, L., Karunakaran, R. G., Guo, J., and Yang, S. (2012). Transparent,
superhydrophobic surfaces from one-step spin coating of hydrophobic
nanoparticles. ACS Applied Materials and Interfaces. 4(2): 1118-1125.

Yan, Y. Y., Gao, N., and Barthlott, W. (2011). Mimicking natural superhydrophobic
surfaces and grasping the wetting process: A review on recent progress in
preparing superhydrophobic surfaces. Advances in Colloid and Interface
Science. 169(2): 80-105.

Yan, H., Zhang, D., Xu, J., Lu, Y., Liu, Y., Qiu, K., Zhang, Y., and Luo, Y. (2014).
Solution growth of NiO nanosheets supported on Ni foam as high-performance
electrodes for supercapacitors. Nanoscale Research Letters. 9(1): 1-7.

Yong, J., Chen, F., Yang, Q., Huo, J., and Hou, X. (2017). Superoleophobic surfaces.
Chemical Society Reviews. 46(14): 4168-4217.

Zhu, S., Dai, Y., Huang, W., Zhang, C., Zhao, Y., Tan, L., and Wang, Z. (2015). In situ
preparation of NiO nanoflakes on Ni foams for high performance supercapacitors.

Materials Letters. 161; 731-734.



71

Zhang, P., and Lv, F. Y. (2015). A review of the recent advances in superhydrophobic
surfaces and the emerging energy-related applications. Energy. 82: 1068-1087.
Zhang, Y., Feng, H., Wu, X., Wang, L., Zhang, A., Xia, T., Dong, H., Li, X., and Zhang,
L. (2009). Progress of electrochemical capacitor electrode materials: A review.

International Journal of Hydrogen Energy. 34(11): 4889-4899.



Name
Date of birth

Place of birth

Education
Academic year

2009-2012

2013-2017

CURRICULUM VITAE

Mr. Komsun Lapawea
October 19, 1990
92 Moo 10 Tambol Don sila, Wiang chai Distict, Chiang Rai

Province, 57210, Thailand

University of Phayao, Phayao, Thailand.

Bachelor of Science (Physics)

Suranaree University of Technology, Nakhon Ratchasima,
Thailand.

Master of Science (Physics)



	Cover
	Approved
	Abstract
	Acknowledgement
	Content
	Chapter1
	Chapter2
	Chapter3
	Chapter4
	Chapter5
	Reference
	Biography

