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Abstract

Titanium dioxide (TiO,) is a widely used material in nanotechnological applications. Especially in photocatalytic and optical
applications, TiO- thin films are an indispensable material. Metal-doped thin films are of interest to researchers for the development of
these properties.

In this study, the effect of boron oxide (B2Os) additive on surface properties in coating TiO- thin films on soda-lime glasses was
investigated. In the experimental study, alkoxide solutions with a source of boron and titanium were used. TiO» sol was prepared with
Sol-Gel method. In addition, the sol was prepared by adding Triisopropyl borate. Condensation and polymerization steps were
completed in acid catalysis and the solution was obtained. In the home-made dip coater device, the solution is coated on the surface.
The substrate was immersed in solution at constant speed for a specified time (approximately 30 seconds). It was then withdrawn at
the same speed. The surface properties of dried thin films have been characterized by applying morphological analysis (Scanning
Electron Microscope) and contact angle measurement tests. The surface shows hydrophilic properties, as an angle of less than 90
degrees occurs on the uncoated glass surface. As is seen contact angle image of TiO», an angle of 11.83 degrees has occurred on the
surface of TiO, coated glass. As is seen contact angle image of boron oxide coated glass, an angle of 24.12 degrees has occurred on
the surface of B,O3 coated glass. As is seen contact angle image of TiO, and boron oxide coated glass, an angle of 6.12 degrees has
occurred on the surface of TiO, and B,0s coated glass. So, although the surface is very close to the superhydrophilic degree, it is
hydrophilic as the contact angle of the surface is greater than 5 degrees.

As a result, the B2Os-doped TiO; coated surface was found to have better hydrophilic properties than the non-doped TiO, surface. It
has been observed that the boron oxide-doped TiO; coated glass material has a superhydrophilic value.

Keywords: B,Os-Doped TiO2, Sol-Gel, Superhydrophilic.

B.0s-Katkih TiO, ve Katkisiz ince Filmlerin Yiizey Ozelliklerinin
Sol-jel Yontemi ile Karsilastirilmasi

Oz
Titanyum dioksit (TiO;) nanoteknolojik uygulamalarda yaygin olarak kullanilan bir malzemedir. Ozellikle fotokatalitik ve optik

uygulamalarda, TiO; ince filmler vazgegilmez bir malzemedir. Metal katkili ince filmler, bu 6zelliklerin gelistirilmesi igin
arastirmacilarin ilgisini gekmektedir.

Bu calismada, bor oksit (B203) katkisimin, TiOz ince filmlerinin soda-kire¢ camlar1 iizerine kaplanmasinda yiizey ozellikleri
tizerindeki etkisi aragtirilmistir. Deneysel ¢aligmada, bor ve titanyum kaynagi olan alkoksit ¢ozeltileri kullanilmigtir. TiO> sol, Sol-jel
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yontemi ile hazirlandi. Ek olarak, Sol, Triizopropil Borat eklenerek hazirlanmistir. Asit katalizinde yogusma ve polimerizasyon
agsamalar1 tamamlanmig olup ¢ozelti elde edilmistir. Ev yapimi sol-jel daldirma kaplama cihazinda, ¢ozelti yiizeye kaplanmistir.
Kullandigimiz mekanik diizenek, tastyiciyr belli bir diisey hizla ¢ozeltiye daldirip aymi hizla (yaklasik 30 saniye) c¢ikarma islevi
gormektedir.

Kurutulmus ince filmlerin yiizey o6zellikleri, morfolojik analiz (taramali elektron mikroskobu) ve temas agist Olgiim testlerinin
uygulanmasiyla karakterize edilmistir. Cam kaplanmamig durumdayken 90 dereceden kii¢liik oldugu igin hidrofilik bir 6zellik
gostermektedir. TiO2 kaplanmis cam 6rneginde ise 11.83 derecelik bir ag1 yaparak 0 dereceye yakin oldugundan bu hidrofilik

bir ozellik gostermektedir. B,O3 kapli camin yilizeyinde 24.12 derecelik bir a¢1 meydana geldigi i¢in yiizey hidrofilik 6zellikler
gostermigtir. TiO2-Boroksit kapli cam 6rnegimiz ise 0 dereceye yakin bir dzellik gostererek siiperhidrofiliktir. TiO2 ve B203 kapl
camin ylizeyinde 6.12 derecelik bir a¢1 meydana gelmistir. Bu nedenle, yiizey siiperhidrofilik dereceye ¢ok yakin olmasina ragmen,
ylizeyin temas agis1 5 dereceden biiyiik oldugu i¢in yiizey hidrofiliktir.

Sonug olarak, B,03 katkili TiO2 kapli yiizeyin, katkisiz TiO; yilizeyinden daha iyi hidrofilik 6zelliklere sahip oldugu bulunmustur. Bor

oksit katkili TiO» kaplamali cam malzemenin siiperhidrofilik bir degere sahip oldugu gézlenmistir.

Anahtar Kelimeler: B,0Os-Katkili TiO2, Sol-Jel, Stiperhidrofilik.

1. Introduction

Nowadays, research and development work in the field of
nanotechnology is growing rapidly, focusing on nanomaterials
that include high performance and new functions [1]. Recently,
TiO2 thin films with hydrophilic properties have been attracting
intense attention. TiO- thin films have many advanced functions
and features, such as anti-decay, deodorization, sterilization and
anti-fogging. Therefore, in order to increase the surface area of
TiO2 and the hydrophilicity of the surface, metals, rare elements,
nitrogen or iron are doped to TiO, films [2-5]. In order to
compare the morphology and microstructure of different films
by coating, the sol-gel dip-coating method may be preferred [6-
7].

Sol-gel method is one of the most widely used techniques in
which glass, glass-ceramic or composite materials can be
produced by preparing the solution, gelling and removing the
solvent from the system [8-9]. Sol-gel dip coating method is
simple, economical and functional. Furthermore, dip-coating
method, the substrate to be coated is prepared it is based on the
fact that it is dipped in the solution at a certain speed and
withdrawn from the solution again at the same speed. This
method is one of the most preferred methods among sol-gel
coating methods [10].

In this study, different solutions for TiO, and B,Osz were
prepared by sol-gel method. On the other hand, the prepared
solutions were coated to the surface with a homemade dip-coater
devices. The microstructure of the prepared surfaces was
examined with scanning electron microscopy (SEM). The
contact angles of the surfaces were also examined with the
contact angle measurement device. As a result of the
investigations, it was observed that the glass material coated
with TiO, has a better hydrophilic property than the glass
material coated with B,Os. In addition, it has been observed that
the TiO, coated glass material doped with B,Os; has a
superhydrophilic property.

2. Material and Method

2.1. Preparation of TiOz solution

In this study, 1,854 ml of titanium (1V) Isopropoxide and 10
ml propanol was added to the glass beaker after cleaning the
material to be used. Then, the mixture was placed in the
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magnetic stirring apparatus and stirred for 30 minutes. 2 ml of
nitric acid and pure water were added to the mixture of titanium
(IV) isopropoxide-propanol. In order not to evaporate the
solution, the lid of the solution was kept closed at each stage.

2.2. Preparation of B20s3 solution

2,298 ml of Triisopropyl borate and 10 ml propanol was
added to the glass beaker after cleaning the material to be used.
Then, the mixture was placed in the magnetic stirring apparatus
and stirred for 30 minutes. 2 ml of nitric acid and pure water
were added to the mixture of B,0s-propanol. In order not to
evaporate the solution, the lid of the solution was kept closed at
each stage.

2.3. Coating of Thin Films

In our study, dip coating method was used to cover films.
The thin films are carefully placed in the dip-coater devices. The
substrate was immersed in solution at constant speed for a
specified time (approximately 30 seconds). It was then
withdrawn at the same speed. In addition, the surface plane of
the solution with the carrier surface was kept perpendicular. The
carrier was given an angle of 5-7 degrees without disturbing the
steepness of the plane. If this slope is not given, completely
drainage cannot be achieved when the lower limit of the carrier
is withdrew of the solution at the same time. Therefore, in
intermediate heat treatments, the solution can't be dried
completely.

3. Results and Discussion

3.1. Contact Angle Measurements

The magnitude of the contact angle depends on the relative
magnitude of the gravitational forces (cohesion forces) between
the liquid's own molecules and the gravitational forces (adhesion
forces) between the liquid and solid [11]. The greater the size of
the cohesion forces than the size of the adhesion forces, the
greater the contact angle between the liquid and solid.

As shown in Figure 2.1., the surface shows hydrophilic
properties, as an angle of less than 90 degrees occurs on the
uncoated glass surface.
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As shown in Figure 2.3., an angle of 24.12 degrees has
occurred on the surface of B,Os; coated glass. Therefore, the
surface showed hydrophilic properties.

Figure 3.1. Contact Angle Image of Uncoated Glass

As shown in Figure 2.2., an angle of 11.83 degrees has
occurred on the surface of TiO, coated glass. Therefore, since )
the contact angle is close to O degrees, the surface shows a Figure 3.3. Contact Angle Image of Boron Oxide Coated Glass
hydrophilic property.

Figure 3.2. Contact Angle Image of TiO, Coated Glass

Figure 3.5. SEM Image of TiO, Coated Surface on Glass

As shown in Figure 3.6., the SEM image taken from the
surface of the TiO; coated glass doped with B>O3 shows that the
surface has a heterogeneous structure.

Figure 3.4. Contact Angle Image of TiO» and Boron Oxide
Coated Glass

3.2. SEM Analysis

Scanning electron microscope images of prepared surfaces are as
follows;

As shown in Figure 3.5., the SEM image taken from the
surface of the TiO, coated glass shows that the surface has a
homogeneous structure.

5930
MAG: 10000 x HV:20.0 kV WD:21.3 mm

Figure 3.6. SEM Image of TiO, and Boron oxide Coated Surface
on Glass

4. Conclusions and Recommendations

In this study, it was observed that the glass material coated with
TiO; has better hydrophilic properties than the glass material
coated with B,Os. It has been observed that the surface of boron
oxide and TiO, coated glass to the fact that material is
superhydrophilic. However, differences in surface thickness
were observed due the TiO, coated glass surface doped with
B.O3; was not homogeneous. So, it has been a heterogeneous

5926 :
MAG: 10000 x HV:20.0 kV WD: 23.7 mm coating.
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In future studies, the characteristics of surfaces can be
studied by adding different materials to TiO,-coated surfaces.
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