
OPTOELECTRONICS AND ADVANCED MATERIALS – RAPID COMMUNICATIONS              Vol. 9, No. 11-12, Nov. – Dec. 2015, p. 1462 - 1468 

 

Enhanced photocatalytic behaviour of KOH treated TiO2 

nanotubes via electrochemical anodization process 
 

 
SYAZWAN HANANI BINTI MERIAM SUHAIMY

a,b,c
, SHARIFAH BEE ABD HAMID

*,a
, CHIN WEI LAI

a
,   

MD. RAKIBUL HASAN
a
, MOHD RAFIE JOHAN

b
 

a
Nanotechnology and Catalysis Research Centre (NANOCAT), Institute of Postgraduate Studies (IPS), University of 

Malaya, 50603 Kuala Lumpur, Malaysia 
b
Nanomaterials Engineering Research Groups, Advanced Materials Research Laboratory, Department of Mechanical 

Engineering, University Malaya, 50603 Kuala Lumpur, Malaysia 
c
Faculty of Science, Technology and Human Development, Universiti Tun Hussein Onn Malaysia, UTHM, Parit Raja, 

Batu Pahat 86400, Johor, Malaysia 
 
 

 
TiO2 nanotube arrays have attracted great interest as the promising candidate for photcatalytic degradation of organic 
pollutants. In the present study, the incorporation of 1.6wt% of 1M potassium hydroxide in a fluorinated-ethylene glycol 
electrolyte could fabricate a high aspect ratio (≈ 21) TiO2 nanotube arrays film via electrochemical anodization technique at 
30V for 1 hour. Theoretically, the growth of TiO2 nanotube arrays and their photocatalytic activity could further improved by 
simple addition of an optimum content of potassium hydroxide into the fluorinated-ethylene glycol electrolyte. It was 
believed that the presence of optimum content of potassium species into the lattice of TiO2 acted as electron acceptor to 
enhance the transportation of charge carriers, where the photo-induced electron-hole pairs transfer by excitation separated 
electrons and holes effectively under illumination. Based on the results obtained, the modified potassium-loaded TiO2 
nanotube film exhibited high photocurrent density of   0.57 mA/cm

2
 and showed high photocatalytic degradation of 5ppm 

methyl orange dye (100%) after 10 minutes irradiation time.   
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1. Introduction 
 

Reliable and sustainable water supply is essential for 

all living beings in the world. It is an important source for 

agriculture, electric power production, manufacturing, and 

even for domestic usage. Domestic use of water includes 

bathing, laundry, washing clothes, other household 

activities and even for drinking. As such, it is understood 

that a source of safe and clean drinking water is an 

important issue to meet basic human needs, so that, a 

healthy body could function well. However, the misuse 

and subsequent direct and indirect have inadvertently 

released to the environment. In Malaysia, the pollution of 

drinking water has yet to be examined. Therefore, 

synthesizing photocatalyst in order to remove selected 

contaminants in drinking water is needed. Photocatalytic 

degradation is considered to be one of effective ways in 

breaking down organic compounds to carbon dioxide and 

water. The most commonly used photocatalyst is the 

fascinating Titanium Dioxide (TiO2) due to its availability 

in low-cost, resistant to corrosion, long term stability, 

practically non-toxic and high photo reactivity  [1-4]. 

However, a wide band gap of TiO2 restricts its utilization 

of the ultra-violet light and high recombination rate of 

charge carriers results in lower reaction rates for 

photocatalytic degradation process [5-8]. Therefore, 

intense efforts have been made to alter the electronic and 

optical properties of TiO2 nanotubes by narrowing the 

band gap [9-13]. In 2001, Grimes and co-workers [14] first 

reported the porous of titania nanotube arrays formed in an 

hydrofluoric (HF) electrolyte via anodic oxidation process. 

The use of different organic solvents offers the control of 

the nanotubes structure. In 2005, it appears  that, smooth 

tubes can be grown to much higher aspect ratios and show 

a strongly improved ordering in non-aqueous electrolytes 

[15]. In the next year later, formation of smaller diameter 

with very high aspect ratio, reported by Macak and 

Schmuki [16] using fluoride containing organic 

electrolytes ,ethylene glycol was reported. This study is 

focused on controlling the growth performance of TiO2 

nanotubes by using potassium hydroxide (KOH). In this 

present study, potassium hydroxide is added to the mixture 

of NH4F and EG solutions to prepare TiO2  nanotubes 

through anodic oxidation method and the morphology 

together with it’s photodegradation performance has been 

explored. 
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Fig. 1. Illustrative drawing of the experimetal setup for 

anodization process 

 

 
2. Experimental procedure 
 

In the present study the K-incorporated TiO2 NTs was 

prepared via anodization process. Titanium foils with the 

thickness of 0.127mm, 99.7% from Sigma – Aldrich were 

used. The Ti foil was cut into (1cm x 5cm)  dimension for 

each anodization process. Firstly, ammonium fluoride 

(NH4F) in the form of solid was dissolved in Ethylene 

Glycol (EG). Different amount of potassium hydroxide 

(KOH) was added to the mixture of NH4F and EG and 

stirred for one hour. Anodizing was conducted in a bath 

containing NH4F + EG with additions of 0.4, 0.8, 1.2, 1.6 

and 2.0 wt% KOH. In an anodizing cell, the titanium foil 

is made as the anode by connecting to the positive terminal 

of direct current power supply. The cathode is a platinum 

electrode and connected to the negative terminal of the 

supply. When the circuit is closed, electrons are withdrawn 

from the metal at the positive terminal allowing ions at the 

metal to react with electrolytes to form an oxide layer on 

the titanium foil as shown in Fig. 1. All samples were 

anodized at 30V for 1 hour. After anodization, ethanol and 

deionized water were used as the cleaning agent in the 

cleaning process to remove the remaining electrolytes on 

the nanotubes and try to eliminate the precipitation on top 

of the nanotubes. To induce crystallinity, the samples were 

heated at 450̊C for 1 hour. Annealed samples were then 

dispersed in a quartz tube containing 60 mL of 5ppm 

Methyl Orange (MO) aqueous solution. Adsorption-

desorption equilibrium is promoted by keeping the mixture 

in the dark for 30 min before get expose to UV irradiation.  

The visible light source was a 96W UV lamp.  Next step 

was to characterize the samples by various analytical 

techniques. Scanning Electron Microscope, using FEI 

Quanta 200F, was used to examine the structural 

morphology and particle size of the sample. The crystal 

structure and the degree of crystallinity of the samples 

were characterized by using X-Ray Diffraction (XRD). 

The XRD was performed with Cu Kα radiation (α = 

1.5406 Å) on a Bruker axs D8 Advance diffractometer 

from 20° to 70°. Raman spectroscopy has been used for 

material phase examination. Autolab potentiostat 

(Ecochemie, Netherlands) was used to measure the 

photocurrent response of the samples. A 150W solar 

simulator was used as a light source. A schematic diagram 

presents the preparation of TiO2 nanotube arrays is shown 

in Fig. 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Schematic diagram of the preparation of TiO2 nanotube arrays 

Characterization stage 

Formation of high crystallinity K-TiO
2
 nanotubes 
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3. Results and discussion 
 

Morphological studies. Fig. 3 shows the top view of 

nanotube arrays and insets are the cross-section 

morphology of Ti anodized. It is observed that the 

nanotube arrays were successfully synthesized during 

anodization and each sample has similar morphology, 

grown vertically from Ti substrate, showing open ended 

tubes and closely packed in structure as compared to TiO2 

nanotube arrays formed in electrolyte without KOH as 

observed by Syazwan Hanani et al in 2015 [17]. The 

finding showed that with the addition of KOH, the pore 

diameter of TiO2 nanotube arrays is increased. As can be 

seen in Figure 3, the pore diameters were gradually 

increased uniformly with the increase of KOH 

concentration until 1.6%. But at 2.0% KOH, again the 

irregular porous layer was formed. Significant changes 

were also observed in the ordered oxide layer of the 

samples. As tabulated in Table 1, the nanotubular structure 

synthesized with 2.0wt% of KOH exhibited nanotubes of 

~1.96µm lengths. Meanwhile, the longest tube length was 

observed in the samples synthesized with 1.6wt% of KOH. 

Although low aspect ratio was calculated due to variation 

in pore diameters, remarkable photocatalytic performance 

was observed and described in the later part.  

 

  
 

     
 

 
 

Fig. 3. SEM images of TiO2 nanotubes arrays at different amount of KOH (a) 0.4wt%  (b)  0.8wt% ( 

c) 1.2wt% (d) 1.6wt% (e) 2.0wt% 

(a) 

( e ) 

(d) ( c ) 

(b) 
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Table 1. Structural characteristic of TiO2 nanotube arrays in 

different amount of KOH 
         

Amount 

of 

KOH(g) 

Tube 

length (μm) 

Pore 

diameter 

(nm) 

Aspect 

Ratio 

0.4wt% 0.51±0.03 84.07 ± 6.06 6 

0.8wt% 0.80 ±0.01 102.24 ± 2.51 8 

1.2wt% 0.88 ±0.01 69.61 ± 9.27 13 

1.6wt% 2.00 ±0.1 95.27 ±18.45 21 

2.0wt% 1.96 ±0.27 89.05 ±7.45 22 

 

Fig. 4 shows the diffraction patterns of TiO2 NTs at 

different amount of KOH after heat treatment at 450̊C for 

1 hour. We can observe the Ti and anatase peaks with no 

other secondary phases. Peaks from Ti were at 2θ of 38.5̊, 

43.77,̊ 55.5̊, 64 ̊while peaks from anatase TiO2 were at 2θ 

of 25.5̊, 33.77̊, 48̊. 
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 Fig. 4. XRD patterns of TiO2 nanotubes at different amount of 

KOH. (a)  0.4wt%, (b)  0.8wt%, (c) 1.2wt%, (d)  1.6wt%, (e)  

2.0wt% 

 

From the results, sharp and strong peaks were 

observed in higher concentration of KOH whereas 0.4wt% 

KOH shows comparatively weak peaks. 1.6% KOH 

treated samples exhibited better crystallization. KOH is 

considered can enhance TiO2 nanotubes growth by 

reducing the acidity of the electrolytes. Such OH groups 

can considerably affect the formation of anatase-

crystallites by the interaction between the dissociated H2O 

molecules and OH group of octahedral in TiO2 [18]. 

However, the addition of OH
-
 in larger amounts restrains 

the growth of TiO2 nanotubes upon chemical dissolution:  

 
TiO2 +6F

−
 +4H

+
→ [TiF6 ]

2−
 +2H2O  

  

through lowered down the H
+
 concentration [19]. This 

effect is obvious when 2.0wt% KOH was used and the 

tube length became shorter. To further confirm the anatase 

phase and crystalline nature of the sample, Raman spectra 

analysis was also recorded.  
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Fig. 5 Raman spectra of TiO2 nanotube arrays at different 

amount of KOH. (a)  0.4wt%, (b) 0.8wt%, (c)  1.2wt%, (d)  

1.6wt%, (e) 2.0wt% 

 

Six irreducible representation of the optical active 

modes for anatase which are (3Eg + 2B1g + A1g) [20], 

indicating the formation of well crystallized anatase as 

shown in Figure 5. This is in good agreement with XRD 

results shown in Figure 4. In the present study, three Eg 

modes give typical scattering at 146 (main band), 196, and 

637 cm
-1

. The spectrum also exhibit two B1g modes at 395 

and 516 cm
-1

 overlapping with one mode of A1g at 516cm
-

1
. Studies show that the Eg mode is sensitive to oxygen 

deficiencies. The strongest Eg mode at 146cm
-1

 is due to 

the symmetric bending vibration of O–Ti–O bonds. The 

symmetric and anti-symmetric bending vibration of O–Ti–

O bond explains the B1g and A1g modes. The sharp peak 

at 146 cm
-1 

explains the crystallinity of nanotubes. 

 

Table 2. Elemental analysis of anodic TiO2 nanotubes at different 

amounts of KOH. 

 

Sample 

 

Element 

 

Weight % 

 

Atomic% 

 

 0.4wt% O 11.07 64.57 

  Ti 17.60 35.42 

 0.8wt% O 11.93 66.24 

  Ti 18.2 33.76 

 1.2wt% O 11.79 64.45 

  Ti 19.46 35.55 

 1.6wt% O 11.64 67.1 

  Ti 17.09 32.9 

 2.0wt% O 9.62 61.07 

  Ti 18.35 38.93 

T : Titania  
A: Anatase 

 

146 

196 395 516 637 
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The elemental analysis of each samples are provided 

in Table 2. Ti and O are the major elements in each sample 

showing that the nanotube arrays are composed of titanium 

oxide. Furthermore, the highest content of O for 1.6wt% 

KOH sample translates the thicker amount of oxide layer 

among the other samples. 

A typical photocurrent response was examined by 

current-voltage diagram as shown in Fig. 6. The photo 

response was varied significantly with different amount of 

KOH under irradiated condition. 
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Fig. 6. Current-voltage diagram of KOH treated TiO2 at different 

amount of KOH. (a) 0.4wt%, (b) 0.8wt%, (c)  1.2wt%, (d)  

1.6wt%, (e) 2.0wt% 

 

Sample with 0.4wt% KOH (a) shows lower 

photocurrent response of ~0.44mA/cm
2
. Maximum 

photocurrent density was recorded ~1.04mA/cm
2
 for 

2.0wt% KOH (e) treated sample. The reason may be 

attributed to the higher crystallinity of the samples at 

higher concentrations of KOH. Since crystalline of TiO2 

structure can reduce charge transfer resistance 

significantly which eventually enhances the electron 

mobility throughout the surface [21]. Interestingly, 

1.6wt% KOH treated sample showed better photocatalytic 

performance although lower photocurrent density 

(0.57mA/cm
2
) was observed. This phenomenon could be 

attributed to optimum aspect ratio of the sample. Previous 

studies showed that recombination of the charge carriers at 

very high aspect ratio restricts the photocatalytic 

efficiency [22]. 

 

 

 

 

 

 

 

Fig. 7. The colour changing of MO in 2 min interval time for different amount of KOH  

a) 0.4 wt% b) 0.8wt% c) 1.2 wt% d) 1.6wt% e) 2.0wt% 
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Fig. 8. Optical absorbance versus time for samples with a) 0.4 

wt% b) 0.8wt% c) 1.2 wt% d) 1.6wt% e) 2.0wt% KOH 

 

Fig. 7 shows the photodegradation performance which 

was investigated by the degradation of Methyl Orange. 

The purpose of this experiment is to study which sample 

gives the best degradation in 10 minutes under photo 

irradiation. The colour was varied of each sample when 

MO was irradiated by UV light for 10 min in the absence 

of photocatalyst. Specific degradation of all samples was 

observed as shown by the decrease in the absorbance in 

Fig. 8. Based on the results obtain, we could see that 

1.6wt%  KOH contained electrolyte possessed good photo-

degradation with no color of Methyl Orange at 6 min. 

From these results, the absorbance for all samples decrease 

with time and the most suitable concentration of KOH to 

be added in electrolyte is 1.6wt% as the absorbance is 

almost 0 at after 8 minutes. It shows that the sample has 

the greatest reaction rate and exhibit positive effect on MO 

absorbance. The degradation efficiency of MO is 

possessed by the decomposing power of the positive holes. 

Water is oxidized at the positive holes of valence bands to 

release hydroxyl radicals (•OH) which then reacts with 

MO solutions and finally decompose to carbon dioxide 

and water. This indicated that the formed TiO2 nanotube 

arrays have the availability to create electron-hole pairs 

[23].  

 

 

4. Conclusions 
 

In summary, TiO2 nanotube arrays which was 

fabricated via anodization at 30V for 1 h in potassium 

hydroxide added fluorinated-ethylene glycol electrolyte 

work as an efficient photocatalyst. High aspect ratio (≈21) 

TiO2 nanotube arrays has the ability to degrade 5ppm 

methyl orange dye after 10 minutes ultra violet irradiation 

time. It was also found that TiO2 nanotube arrays modified 

with the addition of KOH in electrolyte exhibited high 

photocurrent density of ~0.57 mA/cm
2
 and

 
showed high 

photocatalytic degradation of 5ppm methyl orange dye 

(100%) after 10 minutes irradiation time. This simple 

technique of preparation of reusable and high active 

photocatalyst thin films will be promising in future 

generation water treatment process.   
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