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Introduction

Heterogeneous photocatalysis has attracted attentions as an 
alternative or complementary technology for degradation of 
dissolved pollution in aqueous environments [1-3]. During 
photocatalysis process, usually a source of UV radiation is used 
to stimulate the photocatalyst material and caused the oxidation 
of pollutant on the surface of oxidant layers [4]. Among the most 
commonly used photocatalysts, titanium oxide (TiO2) has been 
widely investigated in wastewater treatments [5-7], due to the 
high oxidation ability, biocompatibility for living organisms, and 
low price. It is usually preferred to use as particulate TiO2 thin 
film photoelectrodes because it provides suitable specific surface 
area that is necessary for acceptable photocatalytisis activity [8-
11]. Furthermore, the troublous separation processes that are 
required when using suspensions of nanoparticles are avoided 
[12]. Synthetic control of the formation of TiO2 films has been 
proved to be important in improving the functional properties 
[11,12]. 

In order to improve photocatalytic activity of TiO2 films for 
technical applications, two principle strategies should be 
considered during fabrication process. First, the synthetic films 
should have reasonable physical and chemical stability in water 
treatment plants. Second, the cost of procedure should be low 
along suitable photocatalysis property. The photoactivity of oxide 
layer is expressed by quantum efficiency, which is related to the 
width of depletion layer and the film thickness [13]. Theoretical 
studies and our reported paper have shown that decreasing the 
film thickness gives the photogenerated electron-hole pairs more 
chance to avoid recombination processes and this means an 
increase in quantum efficiency [12,13]. 

Many methods have been used to deposit the TiO2 thin film 
onto a substrate, such as dry methods, i.e., chemical vapor 
deposition (CVD) [14,15], sputtering [16], and wet methods i.e., 

The Modified Electrode Position of 
Uniform and Defect-free TiO2 Nanolayer 

onto Stainless Steel Substrate with 
Enhanced Photocatalytic Performance

Abstract
The photocatalytic behavior of photocatalyst TiO2 nanolayers which were 
fabricated via a modified electrodeposition method in a nonaqueous media, 
have characterized in comparison to microlayers. The electrodeposition 
applied voltage and the electrodes distance were taken as control 
parameters to obtain the layers in the nanoscale thicknesses. The existence 
of TiO2 in the deposited sample was confirmed by energy dispersive X-ray 
analysis (EDAX) technique. The surface uniformity of the fabricated layers 
was studied by scanning electron microscopy (SEM). Both atomic force 
microscopy (AFM) images and ellipsometric analysis of the deposited films 
confirmed the nanometric thicknesses of the prepared oxide layers. The 
fabricated samples demonstrated high photocatalytic activity under UV 
irradiations. This functionality along with physical and chemical stability 
of the fabricated layers makes it possible to consider as a powerful 
photocatalyst in degradation of pollutants.

Keywords: TiO2; Electrodeposition; Thickness control; Nanolayer; 
Photocatalysis

Received: August 02, 2015; Accepted: October 15, 2015; Published: October 
20, 2015



2 This article is available in: http://nanotechnology.imedpub.com/archive.php

ARCHIVOS DE MEDICINA
ISSN 1698-9465

2015
Vol. 1 No. 1:3

 Nano Research & Applications
ISSN 2471-9838

sol–gel [17], self-assembled monolayers (SAMs) [18-20], liquid 
phase deposition (LPD) [21-24] and electrochemical methods 
[25-28]. Recently, the electrochemical fabrication of TiO2 layer 
onto foreign substrates has attracted more attention, due to its 
highly controllable and low cost process [29-31]. It means that 
the characteristic states of the films can be easily controlled by 
varying the preparation conditions, such as potential, distance 
between electrodes and current density during electrochemical 
deposition [25]. These general advantages of electrochemical 
methods along with some special characteristics of the proposed 
procedure (thickness control and stability of the layers) make it 
attractive to develop for industrial purposes.

In the present work, which to best of our knowledge was done 
for first time in such a comprehensive exploration, a modified 
electrodeposition method was used to prepare nanolayers of TiO2 
onto stainless steel electrodes as foreign substrate. In order to 
compare our results with a reference study, the layers also were 
prepared by Kamada method [25]. The widely usage, low cost 
and high chemical and mechanical stability of stainless steel in 
industries were the motivation to choose it as the main substrate. 
The thickness of TiO2 was controlled by electrodeposition 
potential, electrodes distance and the concentration of water 
in non-aqueous electrolyte. Also, photocatalytic efficiency of 
the fabricated films was examined using photo-degradation of 
aqueous solution of methylene blue (MB) as probe pollution. 

Experimental 
Electrodeposition of TiO2 nanolayers onto the 
steel substrate
All chemicals were purchased from Merck Co and used without 
further purification. The stainless steel with an area of 78 cm2 
and thickness of 0.5 mm, cut from a standard sheet of stainless 
steel 304, were used as substrate. Before the electrodeposition of 
the oxide layers, standard procedures of degreasing and pickling 
were performed [25].

All electrodeposition experiments were carried out in a two-
electrode cell. Titanium foil (Alfa Aesar 4 × 2 cm2, thickness 0.15 
mm) and prepared stainless steel sheet were used as a sacrificial 
anode and prepared cathode electrodes, respectively. Generally, 
the distance between these electrodes was restricted to 0.5 cm, 
but the effect of distance was also studied on the quality of the 
deposited layers. The nonaqueous electrolyte was consisted of I2 
(1 g/l) as a supporting electrolyte in acetone solvent and a small 
amount of water (<1%). The electrodeposition was carried out 
under a constant potential ranging from 5 V to 15 V, with 5 V 
intervals, at room temperature. The usage of water up to 1% 
results in a layers within micrometer ranges. Finally, the fabricated 
layers were annealed at 600ºC for 30 min in Ar ambience.

Characteristic
The uniformity and the morphology of the deposited films 
were observed by scanning electron microscopy, SEM, (PHILIPS, 
XL30) and atomic force microscopy, AFM, (DME, DSM45). The 
compositions of the deposited films were analyzed by elemental 
analysis, utilizing EDAX (PHILIPS, XL30). Thickness analysis of the 

layers which were prepared by electrodepositon and Kamada 
methods were examined by spectroscopic ellipsometer (SENTECH, 
SE 800) and surface profilometer (DECTAK 3) respectively. The 
photocatalytic activity of the deposited films was evaluated for 
the decomposition of MB analyzed by a spectrophotometer 
(Agilent-8453E). Due to avoid errors in our results, the synthesis 
and characterization processes of the prepared layers were 
repeated for several times.

Results and Discussion
Fabrication
After electrodeposition at 5, 10 and 15 V for 30 min, various colors 
of the oxide layers were appeared onto the cathodes electrode 
(steel), and the anode electrode (titanium) changed from 
colorless to tinge of brown (Figure 1). As the employed potential 
increased up to 15 V, the hydrogen gas which rising from the 
cathode prevents the electrodeposition of TiO2 layer uniformly. 
Figure 1 shows the various colors of the fabricated oxide layers at 
different voltages. The colors were originated from the diffraction 
of the incident light on the surface of the oxide layers. The fact 
that the thicker layers diffract the incident light more [32,33], 
results in a wide range of spectra for different thicknesses. It 
should be mentioned that these iridescent spectras are specific 
characteristics of nanometric TiO2 layers [32,33]. The results of 
ellipsometery measurement have shown that thicknesses of 
prepared nanolayer at 5, 10, 15 V applied voltage were 291, 231 
and 196 nm, respectively [34,35]. The layers which are prepared 
by Kamada methods were semitransparent which is characteristic 
of layers with thicknesses of micrometer (~1 µm) [25]. 

SEM was used to study the uniformity of the samples. As it is 
shown in Figure 2, some cracks were appeared on the surface 
of the TiO2 layers. In fact, evaporation of residual solvents can 
lead to cracks due to contraction of the thin films [36]. In Figure 
2(b), the cracks in the TiO2 layer prepared using Kamada method 

Figure 1 Images of TiO2 nanolayer deposited onto stainless steel 
prepared at different applied voltage of (a) 5 V, (b) 10 V, 
and (c) 15 V in 0.5 cm electrode distance.
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are deeper and clearer than electrodeposited TiO2 nanolayers. 
The significant crack formation in Kamada method is in result 
of higher amount of the water in electrolyte (1% <) compared 
to our electrolyte. The excess water causes increasing in Ti foil 
corrosion and as a result, thick layer even in low potential and 
electrodeposition time are resulted. On the other hand, the 
hydrogen evolution on the cathode, due to the presence of excess 
water, prevented the layer to be deposit uniformly.

Physical and chemical stability of the fabricated TiO2 nanolayers 
were contrasted with the TiO2 layers prepared by Kamada method 
[25]. Indeed, the brittle semitransparent white films prepared 
by the Kamada method completely delaminated by the first 
touching, but the nanolayers fabricated by our procedure have 
been stable in aqueous phases even under vigorous shaking. 
On the other hand, the samples which prepared with Kamada 
method aren't suitable for liquid phases and will be overwhelm 
with a little movement. Chemical resistance of the TiO2 nanolayers 
was tested by using various concentrations of HCl solutions. The 
chemical stability of prepared layer was investigated by corrosion 
test and the obtained results exhibited a high chemical stability of 
the prepared nanolayers. 

Figure 3 shows the element analysis results of the TiO2 nanolayer 
onto stainless steel substrate by electrodeposition method (<1% 
water).  Element analysis with EDAX confirms the existence of 
TiO2 in the deposited sample. In fact, due to low thicknesses 
of electrodeposited nanolayers in comparison with Kamada 
method, XRD pattern couldn't prove the TiO2 structures even 
after annealing the electrodeposited layers. Due to, the low 
thicknesses of electrodeposited nanolayers, the TiO2 peaks 
were not obvious because of overlapping by peaks of stainless 
steel elements. Therefore, the EDAX pattern was more suitable 
analysis method to indicate existence of TiO2 onto the stainless 
steel substrate.

Figure 4 shows the 3D AFM images of TiO2 nanolayers deposited 
onto the stainless steel electrode. Figure 4(a) is related to the 
electrodeposited TiO2 nanolayer with modified electrodepostion 
method. The area with deposited oxide layer is brighter than the 
bare stainless steel surface. The results show that the formed 
layer has around 300 nm thicknesses. Figures 4(b) show the 
AFM image of TiO2 microlayers which were prepared by Kamada 
method [25]. As shown in Figure 4, TiO2 layer prepared with our 
proposed method results in more uniform and defect free films 
comparing to the Kamada layer.

To consider the effect of different factors, namely the applied 
voltage and electrode distance, during the electrodeposition 
process of TiO2 nanolayers, ellipsometric analysis of deposited 

films were carried out. The results exhibited that more voltage 
applied leads to thicker films and samples prepared, for example, 
under 15 v applied voltage were obviously thicker than those 
prepared under 10 v applied voltage. The distances between the 
cathode and anode electrodes in electrodeposition process is a 
highlighted point to be considered. Fitting the electrodes in 0.5 
cm distance yielded the thickest and the most uniform films. Both 
decreasing and increasing of this space was resulted in some 
nonuniformities and thinner films which is due to higher solution 
resistance in higher distances between electrodes. Figure 5 shows 
the absorption coefficient dependency of the prepared samples 
to the wavelength of the incident light which was measured by 
ellipsometry spectroscopy [34,35]. As mentioned before, clearer 
and thicker films show higher absorption coefficients.

Photocatalytic Activity 
Photocatalytic activity of TiO2 layer deposited by our proposed 
method (15 V, 30 min) and Kamada methods onto stainless 
steel were analyzed by degradation of 30 ml of MB (2 ppm) 
aqueous solution (Figure 6). As shown in Figure 6, the sample 
that was prepared by our modified process has shown superior 
photocataytic activity than Kamada sample, in spite of its lower 
thickness. The removal efficiency of TiO2 nanolayer prepared under 
15 v applied voltage was around 45% in 300 min irradiation time. 
Further, it should be considered that the stability of the Kamada 

Figure 2 SEM images of TiO2 layer deposited onto stainless steel 
with: (a) the modified method at 15 V and (b) Kamada 
method [25].

 0.90       1.80       2.70       3.60        4.50       5.40       6.30       7.20       8.10        9.00 

Alka TiKb

TiKa

NiKa

NiKb

W La

CrKa

CrKb
MnKa

MnKb
FeKa

FeKb

Figure 3 Element analysis of the TiO2 nanolayer deposited onto 
stainless steel.

 

Figure 4 3D AFM images of TiO2 layer deposited onto stainless steel 
with: (a) the modified method at 15 V and (b) Kamada 
method [25].
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Figure 5 Spectrum of absorption coefficient versus wavelength 
for various TiO2 films deposited under different electrode 
distance and applied potential of: (a) 0.5 cm and 15 V 
(291 nm film thickness); (b) 0.5 cm and 10 V (231 nm film 
thickness); and (c) 0.25 cm 10 V (102 nm film thickness). 
The electrodeposition time for all the samples was kept 
in 30 min.
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Figure 6 Photocatalytic degradation of Methylene Blue (MB) using 
TiO2 films prepared by (♦) the modified method at 15 V 
(<1% water) and (■) Kamada method (<3% water) [25].

method-based prepared sample is less than those of nanolayers. 
In addition, although the Kamada method-based prepared film 
was immersed with utmost care in the solution, TiO2 layer was 
delaminated gradually. Therefore, it has made many problems in 
dissociation of TiO2 particles from the operation environment.

Conclusion
In the current study, a simple electrodeposition method was 
proposed and used to fabricate uniform TiO2 nanolayers with 
high chemical resistance and excellent photocatalytic activity. 
The thicknesses of TiO2 film prepared by electrodeposition which 
are reported by previous studies were mainly in the range of a 
few micrometers. Here, we have shown that decreasing the 
water extent in the electrolyte along with applying lower range 
of potentials, about 15 v, can result in thinner nanometric films. 
Due to, the fabricated films were physically stable in aqueous 
environment, they could be used as photocatalytic electrodes 
in aqueous mediums including dissolved pollutant. This might 
be thought as powerful aspect of this modified method to be 
developed and expended into the industrial applications.
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