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Abstract: In this work, we present the morphology analysis of TiO2/Ti prepared via anodizing and
thermal oxidation (TO) methods and doped by Ag-TiO; sol-gel nanocomposites through liquid phase
deposition (LPD) technique. The comparative morphology of both semiconductors has been observed
to inform the catalysis preparation for better morphology structures to the photocatalytic performance.
Based on these results, we report that the TiO2/Ti prepared via anodizing method exhibits TiO2
nanotubes arrays (TNTAS) formed like honeycomb structures, while the TiO2/Ti TO (TTO) has diverse
size structures. The neat arrangement of TNTAS has a larger surface area and pore volume than TTO
structures, which can expose more adsorption and reaction sites, resulting in higher catalytic activity.
Uniquely, both semiconductors, after coated by Ag-TiO: sol-gel, show lamellar sediments covering the
surface of TNTAs and TTO. We believe that the anodizing method is a good ability for photocatalysis
compared with TTO in terms of small surface area and nanosize structures.
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1. Introduction

Semiconductor technology has attracted wide attention due to its potential application
for dye-sensitized cells [1], water splitting for hydrogen generation [2], and pollutant
degradation [3,4]. It is well known that surface performance, including surface area and a
surface charge, is significantly important for high-performance semiconductors [5,6]. The
electron-hole pairs also play a role in semiconductors to significantly increase the transferred
electrons for use in various fields [7,8]. In recent years, the development of methods in
preparing semiconductor materials has been developed by several researchers to improve the
performance of nanoscale materials with large surface areas [9]. In addition, it is necessary to
prepare an environmentally friendly method to reduce chemical waste [10]. Various kinds of
semiconductors have been developed, such as ZnO, TiO2, Fe203, SiO2, MnO, etc., but TiO2 is
considered more effective, good stable, and environmentally friendly [11-13]. In addition,
TiO2 has several advantages over other semiconductors due to its corrosion resistance,
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efficiency, low operating costs, non-toxicity, high stability, and photostability (good
photocatalytic activity) [14,15].

However, Dhayal et al. [16] reported that the most important role of utilizing the TiO2
semiconductor in many fields should be to pay attention to the preparation technique because
it contributes to the response and contact to the sample test. Various kinds of literature describe
that the preparation of TiOz thin film by the anodizing method through an electrochemical
process forms a thin decorative oxide film, produces a double layer, and is resistant to corrosion
[17,18]. Simple preparations for producing nanosized TiO2 can be applied by anodizing and
TO methods that have impacted a wide range of applications, including water separation,
photodegradation, sterilization, solar cells, and various important studies for additional
mechanisms and electronic conductivity [19-21].

Highly ordered TNTAs are regarded as the most promising photocatalyst due to their
large surface area, excellent photostability, and excellent charge transport performance [22—
24]. The particular structure of TNTAs provides a pathway for carrier transfer and accelerates
the separation of charges [25,26]. TTO also impacts the stability of photodegradation and
reduces organic pollutants under ultraviolet and visible light [27,28]. Furthermore, several
researchers have focused on improving the high performance of TiO2 semiconductors under
visible light range absorption by adding nanocomposites like metal or non-metal (doped) [29].
In our previous study, the addition of metal dopants to TiO2 such as Au and Ag have provided
the charge separation of the electron-holes, increasing photocatalytic efficiency [6,10]. Silver
nanoparticles (AgNPs) represent one of the most explored and promising candidates for
application in the world [30,31]. It is also an important role in preparing dopants Ag attaching
to TNTA and TTO semiconductors.

This work reports the fabrication of vertically oriented TiO2/Ti with nanotubes structure
through anodizing and TO methods and doped with Ag-TiO2 sol-gel via LPD technique. The
morphology of two semiconductors was studied to inform the catalysis preparation for a better
morphological structure for various TiO2/Ti applications. It is expected that we can
comprehend the specific morphology before and after the TiO2 doped via LPD technique in the
sol-gel media.

2. Materials and Methods

2.1. Materials.

The following compounds and reagents from Merck, Germany were used in this work:
Ti plate (Shanxi Yuanlian Rare Metal, Ltd), hydrofluoric acid (HF), Nitric acid (HNO3),
acetone (70%), distilled water, ammonium fluoride (NH4F), glycerol (99.5%), ethanol (97%),
acetic acid (CHsCOOH)), titanium tetra-isopropoxide (TTIP), acetylacetonate (CsHsO2), and
Silver nitrate (AgNQO3).

2.2. Methods.

2.2.1. Titanium (Ti) plate preparation.

Preparation of Ti plate (Shanxi Yuanlian Rare Metal, Ltd) was carried out by cutting
with a purity of 99.7% and a thickness of 0.5 mm with a size of 4.0 cm x 0.5 cm. It is sanded
using fine sandpaper with a rough coating of 1200CC until a clean and shiny surface is
obtained. After that, the Ti plate was washed with a detergent and acetone solution to free it
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from impurities. It was soaked (etching process) using HF, HNOs, and distilled water at a ratio
of 1: 3: 6 for 2 minutes. This treatment aims to remove fat and oxide layers and form a tube
template on the Ti metal surface. Finally, it was rinsed with distilled water to remove any
remaining etching solution and dried below room temperature [32,33].

2.2.2. Electrochemical for anodizing method.

The electrochemical behavior for the Ti plate is applied in Figure 2a. The Ti plate was
inserted into a chemical probe containing an electrolyte solution in the form of 0.27 M NHa4F
in 98% glycerol. The anodization process was carried out by placing a Ti plate as anode and a
Cu plate as a cathode using a magnetic stirrer and providing a bias potential of 25.0 volts with
0.05 amperes for 4 hours. Then, it was calcined for 1.5 hours at 500°C to evaporate the
remaining electrolyte solution on the Ti surface and in order to obtain TiO2 anatase crystals.

2.2.3. Thermal oxidation preparation.

The thermal oxidation was carried out to form an oxide layer on the Ti plate. The
preparation was examined as in Figure 2b, where the Ti plate was directly inserted into a
porcelain glass and annealed at 500°C for 1.5 hours for the oxidation process to obtain an oxide
layer.

2.2.4. Preparation of Ag-TiO; sol-gel.

The Ag-TiO2 sol-gel was prepared refers to Maulidiyah et al. [34] through the sol-gel
method by mixing 15 mL of ethanol, 2 mL of distilled water, and 1 mL of 0.5M acetic acid
into a reflux flask containing 4 mL of titanium tetra-isopropoxide (TTIP) as a precursor for
TiO2, 0.5 mL of acetylacetonate and 15 mL ethanol. They were refluxed and sintered for 3
hours at 50°C using a magnetic stirrer followed by adding 0.5 mL of 0.5M AgNOs as a source
of Ag dopant. After that, the sol is transferred to a beaker glass and evaporated in the oven to
form an Ag-TiOz sol-gel. The TNTAs and TTO were gradually immobilized in Ag-TiOz sol-
gel with LPD evenly. Then, it was heated at 150°C for 15 minutes to obtain the high
crystallinity of the Ag-TiO: lattice, as shown in the research method (Figure 1).

Ti plate
UTelEIE : Ti plate
Electrochemical L
.. Thermal Oxidation
(anodizing) TT0
TNTAs
Morphology Morphology
analysis analysis

Ag-TiO, Sol-gel
(LPD technique)

Morphology
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Figure 1. Flow chart of research method.
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3. Results and Discussion

The electrochemical and TO methods for fabricating TiO2/Ti are schematically
illustrated in Figure 2. Initially, highly ordered TNTAS were prepared by an anodizing method
in an electrolyte solution containing 0.27M NHa4F in the 98% glycerol. This results in the
formation of TNTAs on the Ti plate with good electronic stability using the power supply.
Meanwhile, TTO was oxidized in the furnace by utilizing ambient air through the exhaust.
Basically, the TO method has utilized oxygen from the ambient furnace, which is going through
the exhaust line. The Ti place was placed on the porcelain and calcined at 500°C for 3 hours;
it is expected that the oxidation process will be obtained on the Ti plate. Based on these
methods, the differences in the morphology structures of the two preparation processes can be
observed.
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Anode Cathode Contral panel
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Electrolyte Display panel  /f~——)
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Figure 2. Depiction of a two-electrode electrochemical cell in which the Ti plate is anodized (a) and one-
electrode thermal oxidation in which the Ti plate is oxidized (b).

Figure 2a exhibits the TNTAs prepared by the anodizing method under ambient
temperature 27°C, 25.0 volts for 4 hours, and coated into Ag-TiO2 sol-gel nanocomposites LPD
technique. Based on this method, we can observe that the SEM images of TNTAs and Ag-
TNTAS prepared are shown in Figure 3. The tube mouths of the TNTAs are almost bare, and
the inner diameter of the tube is about 70 nm (Figure 3c). According to Wu et al. [35] that the
nanotubes tightly adhere together and the thickness of TNTAs about 6.8 um. For the Ag-
TNTASs nanocomposites, there are lamellar sediments covering the surface of TNTAs. The Ag-
TiO2 lamellar sediments were attached very strongly on TNTAs surface area [36].

Figure 3. The morphology analysis of semiconductors through the anodizing method; TNTASs (a,b, and c), and
Ag-TNTAs (d,e, and f).
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Moreover, the surface morphology and distribution of the Ag-TTO nanocomposites can
be seen in the SEM images (Figure 4d, 4e, and 4f) at different magnificent. In the SEM images,
different types of features on TTO and Ag-TTO nanocomposites surface are observable. The
hetero-structural nanocomposites surface mostly presented irregular particles and evenly
distributed particles on the TTO lamellar. If we compare with SEM images Fig. 4a, 4b, and 4c,
the TTO presented a randomly thin oxidation layer, and after being coated with Ag-TiOz2 sol-
gel, the TTO surface has been covered.

Figure 4. The morphology analysis of semiconductor through TO method; TTO (a,b, and c), and Ag-TTO (d,e,
and f).

4. Conclusions

Based on these results, we report that the TiO2/Ti prepared via anodizing method
exhibits TNTAs formed like honeycomb structures, while the TTO has diverse size structures.
The neat arrangement of TNTASs has a larger surface area and pore volume than TTO structures,
which can expose more adsorption and reaction sites, resulting in higher catalytic activity.
Uniquely, both semiconductors, after coated by Ag-TiO2 sol-gel, show lamellar sediments
covering the surface of TNTAs and TTO. We believe that the anodizing method is a good
ability for photocatalysis compared with TTO in terms of small surface area and nanosize
structures.
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