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Abstract.  Highly ordered arrays of Titanium dioxide (Ti02) 
nanotubes were synthesized from Titanium foil substrate 
using the electrochemical anodization process in an etching 
solution consisting of Ammonium Fluoride (NH4F), Ethylene 
Glycol and nanopure water. The topologies (lengths and 
diameter) of the synthesized TiO2 were found to be governed 
by two main process parameters, applied voltage and etching 
solution concentration. The applied voltage was varied 
between 55V DC to 65V DC. The concentration of the 
etching solution was altered by varying the weight % of the 
NH4F between 0.3 to 0.5%. By varying the process 
parameters, TiO2 nanotubes with diameters between 176 to 
227 nanometers and lengths between 74 and 103 nanometers 
were obtained.   
 
1. Introduction  
 
Titanium dioxide (TiO2) has generated a lot of interest 
recently due to its versatile properties in optics, 
electronics, photochemistry, biology and high 
compressive strength [1]. TiO2 can be used in a wide 
variety of applications such as photocatalyst, 
photovoltaic material, gas sensor and nanocomposite 
applications [2]. The properties of TiO2 nanotubes are 
known to depend on their topographies (lengths and 
diameters) [2]. Electrochemical anodization is a 
technique that can be used to synthesize TiO2 
nanotubes. This paper describes the electrochemical 
anodization of Titanium substrate in an electrolytic 
solution of NH4F, Ethylene Glycol and nanopure water 
under constant voltage conditions to produce highly 
ordered nanotubes of TiO2 which have high aspect 
ratios. TiO2 nanotubes of larger diameters and lengths 
were synthesized by varying the important process 
parameters such as voltage and etching solution 
concentration. The applied DC voltage was varied 
between 55V to 65V. The etching solution 
concentration was varied by increasing the weight % of 
Ammonium Fluoride between 0.3 to 0.5%. The longer 
nanotubes have higher surface area to volume ratio 
which exhibit enhanced photo catalytic activity which 
can be used to produce Dye Sensitized Solar Cell with 
improved efficiency [3]. 
 

 
 
 
2. Experiment, Results, Discussion, and Significance 
 
The electrochemical anodization process involves the 
application of a voltage between two parallel electrodes 
dipped in an electrolyte. For the synthesis of TiO2 
nanotubes using electrochemical anodization process, 
Titanium foil is used as the Anode while Platinum foil 
of exact same dimensions is used as the Cathode. The 
electrolyte is a mix of Ammonium Fluoride (NH4F), 
Ethylene Glycol and nanopure water. The Titanium and 
Platinum foils were degreased by rinsing in nanopure 
water and acetone. Then the two electrodes were placed 
parallel at a distance of 38 mm and dipped in the 
electrolyte. A voltage between 55V to 65V was then 
applied to the two electrodes to carry out the 
anodization process. All the experimental trials were 
carried out at room temperature. Each trial run of the 
anodization process was carried out for 24 hours. After 
the anodization process, the synthesized TiO2 
nanotubes were rinsed in nanopure water, and dried at 
room temperature before being characterized. The 
overall reactions for the anodization of titanium can be 
represented as follows: 
 
2H20→4H++O2+4e- (1) 
Ti+02→TiO2 
 

(2) 

Initially, a layer of TiO2 forms on the titanium surface 
[2]. The presence of fluoride ions the oxide causes the 
dissolution of the oxide layer and nanotubes begin to 
form when the fluoride ions start to etch nano pits in the 
oxide layer [2].  
The anodization process was carried out in different 
configuration of applied voltage and electrolyte 
concentration. In this paper, three different 
configurations have been explained. In first 
configuration, the applied voltage was 55V DC with 
0.3% weight concentration of NH4. In second 
configuration, the applied voltage was 55V DC +/- 5V 
AC with 0.35% weight concentration of NH4. In third 
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configuration, applied voltage was 60 V DC with 0.4% 
weight concentration of NH4. 
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Fig 1.AFM images of TiO2 obtained with different voltages and 
electrolyte concentrations: (a) 55V DC with 0.3% weight NH4F, (b) 
55V DC +/-5V AC with 0.35% weight NH4F, (c) 60 V DC with 0.4% 
weight NH4F 
 

 
a 

 
b 

 
c 

 
Fig. 2 Microscope  measurement of TiO2lengths: (a) 81 µm (b) 74 µm 
(c) 103 µm 
 
The TiO2 topography varies with applied voltage 
because it affects the etching rate. An increase in the 
magnitude of applied voltage causes an increase in 
nanotube diameter and length as shown in Fig. 1 and 
Fig. 2.  The variation of TiO2 diameter with voltage is 
shown in Table 1. The increase in NH4F concentration 
also caused an increase in TiO2 nanotube diameter. The 
variation of TiO2 nanotube diameter with NH4F weight 
concentration is shown in Table 1.  
 

Table: 1 Effect of voltage and electrolyte concentration on TiO2 
nanotube diameter 

  Electrolyte          Voltage      TiO2 
         NH4F   E. Glycol   Water         (V)     diameter (nm) 
Sample a   0.3      97.5        2.2         55            176 
Sample b   0.35      97.45       2.2      55+/-5         204 
Sample c    0.4        97.4         2.2         60            227 

 
Initially the anodization current was seen to be high. As 
the anodization progresses, the Titanium electrode gets 
passivated due to the formation of a thin film of TiO2. 
This causes the anodization current to drop with the 
advancement of anodization. Fig. 3 shows the drop of 
current as a function of anodization time. 
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Fig. 3. Anodization current versus anodization time at constant 
voltage 
 
3. Conclusion 
 
The influences of applied voltage and electrolyte 
conditions on the synthesis of highly ordered TiO2 
nanotubes were studied. The results indicated that as 
applied voltage increased, the TiO2 nanotube length and 
diameter increased. Similarly, increasing the etching 
solution concentration also increased the TiO2 nanotube 
length and diameter. The larger nanotubes are known to 
have higher surface area with improved photo catalytic 
activity. The percentage increase in efficiency of the 
Dye Sensitized Cells (DSSC) fabricated with the larger 
TiO2 nanotubes will be dealt with in future research. 
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