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ABSTRACT 
 
The influence of pH of the electrolyte used during anodization of Titanium substrate has been 

investigated in order to determine the optimum pH condition to form self-organized Titanium dioxide 

(TiO2) nanotubes (NTs) structure. The TiO2 NTs was formed by anodizing Titanium substrate in an 

electrolyte containing 1M of sodium sulfate (Na2SO4) with 0.7 g of ammonium fluoride (NH4F) for 180 
minutes with potential 20 V. The optimum conditions were determined by characterization using FESEM 

and XRD analysis. As shown in the result, it can be summarized that pH of the anodization electrolyte can 

affect the length and diameter of the NTs as confirmed by FESEM images. FESEM result shows that, the 
length of nanotubes increased as the pH increased which are from 50 nm to 424 nm for pH 5 and pH 7, 

respectively. However, at higher pH more than 7, the nanotube structure was collapsed and only form 

bulk oxide film. The FESEM result also supported by the XRD result as the peak at 24° increased up from 
pH 3 to pH 7 and drop at pH 9. 
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INTRODUCTION 
 

The development of nanostructured materials in the industry has grown rapidly for many applications that 

are useful to the people, microorganisms, environment and the others. As for the example, Titanium 
dioxide (TiO2) is in the process that involves in antimicrobial activity to prevent or reduce the amount of 

microbes present in the photocatalytic activity in order to manage the waste pollutants treatment [1] and 

solar cells applications [2-6].  

 
Compared to other nanostructured materials, TiO2 nanotubes (TiO2 NTs) is the structure of semiconductor 

material that is found to be the most well-known for the widespread environmental applications due to its 
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low cost, non-toxicity, and the high level of inertness against the reaction that involved in corrosion [7-

10]. There are three polymorphs phase that often presents in the crystal structure of TiO2 which are, rutile, 

anatase, and brookite [11]. These three phases contain the six coordinated titanium. Mostly, anatase is the 
phase that exhibits the most photocatalytic activity. There was a study conducted by the previous 

researchers about those three phases in the efficiency of water splitting by using one sun illumination [6, 

13-16]. From the study, it was found that anatase-rutile-brookite of TiO2 nanotubes are the most efficient 
than anatase-rutile and anatase TiO2. This is because they exhibit different bandgap energy in each phase 

[12]. 

 

TiO2 NTs have drawn much attention for the applications of TiO2 NTs in the formation of lithium 
dendrites for lithium-ion batteries. It is where TiO2 will become the anode material in the storage device 

because of having a little volume change which is about 4% [17]. Other than that, the tubular pores of the 

anodized structure of TiO2 are uniformly straight and vertically aligned to the substrate surface. This 
property gives a better microstructure and hence enhances the performance of photocatalytic microreactor 

[13]. To determine the efficiency and the performance of the TiO2 NTs, some parameters such as 

morphology, crystallinity, structure are studied by many researchers. To produce TiO2 NTs, several 

methods have caught the attention based on their dimensional nature, ways of handling and preparation. 
The mentioned methods are sonoelectrochemical, anodization, sol-gel, RF magnetron sputtering, 

chemical vapor deposition, microwave irradiation, and hydrothermal [13, 18-20].  

 
Among all the methods, anodization is being a method of choice since it is cost-effective, higher electrical 

conductivity, great mechanical adhesion, and cell proliferation and good corrosion resistance [6, 13]. 

Moreover, the growth of TiO2 NTs can be justified under a wide range of electrochemical conditions. For 
anodization, several parameters can be used as references to determine the efficiency of TiO2 NTs 

formation as well as to control its limited thickness such as applied voltage, pH of the electrolyte, the 

concentration of the electrolyte and annealing temperature [21]. This study is focusing on the 

morphological and structural studies of TiO2 NTs depending on the acidic and alkaline condition (pH). 
 

 

EXPERIMENTAL 
 

Titanium foil with thickness 0.25 mm from Sigma-Aldrich was used for anodizing. Firstly, the Ti foil was 

ultrasonically cleaned with acetone followed by ethanol and water for 5 minutes each condition. Then the 
foil was dried in an oven for 5 minutes. Anodization process was started by conventional two-electrode 

electrochemical process under stirring condition at room temperature. The potential was set as 20V for 

180 minutes. The electrolyte used is 1M Na2SO4 and 0.7g of NH4F. The pH for acidic and alkaline 
condition were controlled by adding chemical with high hydrogen ion content and hydroxide ion content, 

respectively. After anodization, the sample was immediately rinsed with deionized water, air dried and 

annealed for 3 hours at 450 °C to produce the required phase. Lastly, all the samples were characterized 
by using FESEM (for top and cross-sectional view) and XRD (for structural properties). 

 

 

RESULTS AND DISCUSSION 

 
Anodization pH play a crucial role in allowing the grow and dissolution process happened throughout 
anodization process. Figure 1 shows the FESEM images of TiO2 NTs that were anodized in different pH 
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condition. The pH of the electrolyte is the kind of parameter that reveals the condition of the electrolyte 

whether it is acidic, neutral or alkaline. A study found that the formation of the nanotubes became 

successful at neutral conditions specifically at pH over 6 but did not work at low pH which is an acidic 
condition[11]. Due to this insignificant parameter controlled, thus in this study, several pH ranges from 

acidic to neutral and alkaline was used for anodization which are in range from pH 3 to pH 9. In order to 

determine the diameter and the length of the nanotubes, top view image and cross-sectional view images 
was taken by FESEM characterization technique. Others method is HRTEM technique. Since this is low 

magnification images, therefore FESEM was conducted.   

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 1: The morphological of top view images at magnification of 30 kX of anodized Ti substrate in electrolyte 

with different pH condition at (a) pH 3, (b) pH 5, (c) pH 7, and (d) pH 9 for the formation of TiO2 NTs. The inset in 

each image represent the cross-sectional view images for TiO2 NTs (This sample was prepared at potential 20V for 

180 minutes of anodization process) 

 

As seen in Figure 1a, at pH 3, the rougher porous structure was formed. This was happened due to the 

high dissolution rate at low pH has a high concentration of H+ ion that caused the ability of oxidation 

reduced. As in inset, only thin layer was formed. As the pH 5 was used as in Figure 1b, the TiO2 
nanotubes was formed but they were just about to start to develop and grow. As in inset, the length 

growth up to 50 nm. The nanotubes grew well, and almost perfect structure of nanotubes was formed in 

pH 7 as in Figure 2c.  
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The inset shows well growth nanotubes with maximum length achieved is 424 nm. However, the 

nanotubes denatured and collapsed at pH 9 as seen in Figure 2d and as in the inset. The nanotubes cannot 

grow in high pH conditions; this might be due to the high oxidation rate that potentially form thick film 
instead.  The best length of the nanotubes formed in this study is about 424 nm at pH 7. In conclusion, 

TiO2 nanotubes worked best in neutral condition but did not familiar in neither too low pH nor too high 

pH conditions. To support this finding, the sample was characterized using XRD as in Figure 2. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: The XRD pattern of anodized Ti substrate in electrolyte with different pH condition at pH 3, pH 5, pH 7, 

and pH 9 for the formation of TiO2 NTs 

 
 

Figure 2 shows the XRD pattern of the TiO2 NTs grown by anodization at different pH of electrolytes 

traces of anatase and rutile phase. It was proved that TiO2 NTs are crystalline material due to the 

formation of sharp intensity peaks in the XRD pattern. Correspond to 2 theta position, the diffraction 
peaks involved are 25.08°, 37.80°, 38.58°, 48.05° and 53.89° at (101), (004), (112), (200), and (105) 

crystal plane, respectively. The diffraction peaks show the formation of anatase phase of TiO2 [6].  

 
This is confirmed with the reference standard JCPDS 21-1272 for Anatase-TiO2 and 21-1276 for Ti. By 

increasing the pH value from pH 3 to pH 7, the intensity of the peak increased, especially at peak 27.5°. 

This is due to the strong identification of anatase phase as related to the existence of longer TiO2 NTs 
formed at pH 7. However, at pH 9, the intensity of the peak decreased as the structure was collapsed as 

shown in inset in Figure 1d.  
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CONCLUSIONS 
 

In summary, a TiO2 NTs anodized on Ti substrate has been successfully synthesized and 

characterized. The influence of pH to the formation of NTs structure has been examined. The 

result based on FESEM and XRD analysis shows optimum condition for pH was at pH 7 with 

length about 424 nm. The length of the nanotubes is increasing with an increasing anodization 

pH. Nanotubes are not suitable to grow in too acidic and too alkaline conditions as they show no 

sign of growing at pH 3 and collapsed at pH 9. The possible mechanism that contribute to the 

enhancement of length is oxidation and dissolution process competition in acidic and alkaline 

electrolyte during anodization. 
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