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Abstract—This paper aims to discuss the hydrophilicity about the 

anodic aluminum oxide (AAO) template with titania nanotubes (NTs). 
The AAO templates with pore size diameters of 20-250 nm were 
generated by anodizing 6061 aluminum alloy substrates in acid 
solution of sulfuric acid (H2SO4), oxalic acid (COOH)2, and 
phosphoric acid (H3PO4), respectively. TiO2-NTs were grown on 
AAO templates by the sol-gel deposition process successfully. The 
water contact angle on AAO/TiO2-NTs surface was lower compared to 
the water contact angle on AAO surface. So, the characteristic of 
hydrophilicity was significantly associated with the AAO pore size 
and what kinds of materials were immersed variables.  
 

Keywords—Anodic aluminum oxide, nanotube, anodization, 
Sol-Gel, hydrophilicity. 

I. INTRODUCTION 

recent surge of research on nanostructures has given us 
new opportunities and challenges. For example, titania has 

been described in the literature to capture its applications such 
as catalysis [1], sensors [2], environment [3], dielectrics [4], 
optoelectronics [5], and solar cells [6]-[8]. The titanium dioxide 
has three stable phases: anatase, brookite, and rutile [9]. The 
phase transformation counts on the annealing temperature at a 
constant oxygen pressure, as in an air furnace.  

AAO has been widely used for the templates to fabricate 
nanostructures including nanotubes [10], nanorods [11], 
nanowires [12], wiskers [13] and nanospheres [14] due to its 
high melting point, hardness, high temperature strength, 
electrical or thermal insulation, high aspect ratio, and uniform 
pore size. Additionally, aluminum anodization is probably the 
most controllable self-assembly process at lower cost, thus 
making it a candidate material for the nanomaterials template. 
The structure and fabrication of AAO have been reported 
[15]-[17].  

In this work, AAO template was made by a two-step 
anodizing process on a 6061 aluminum alloy substrate in acid 
solutions of (COOH)2, H2SO4or H3PO4; TiO2 nanotubes were 
made by the sol–gel deposition on AAO. Our objective in this 
paper is to discuss the hydrophilicity of AAO surface with 
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TiO2-NTs. 

II. EXPERIMENTAL PROCEDURE 

6061 aluminum alloy substrate was first ground to #2000 by 
SiC waterproof paper and was then annealed in an air furnace at 
550 ℃ for 1 h. The sample was then put inside the 
electrochemical holder forming AAO through electrolyte 
polishing and anodization in electrochemical bath. The 
fabrication processes for AAO template with TiO2 NTs consist 
of the following steps: 

 

 

Fig. 1 Flow chart of experimental procedure 
 

(i) The 6061 aluminum alloy substrate pretreatment – Polish 
the substrate first and then electro-polish in a 
electrochemical bath consisting of 
CH3(CH2)3OCH2CH2OH, HClO4, C2H6O with 40V DC. 

(ii) First anodization and then remove the first anodization 
film by soaking in a solution of 1.8 wt.% chromic acid and 
6 vol.% H3PO4for 30-40 minutes. 

(iii) Second anodization – Anodize the substrate with 18V DC 
in H2SO4 solution for 1-3h to form AAO templates of 
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different thickness. 
(iv) Adjust pH value of DI-water to 1.0–1.3; then add TiF4 into 

the solution. 
(v) Immerse sample into TiF4 solution for 10 min. 
(vi) Adjust pH value of TiF4 solution to 3.0–3.3; then immerse 

sample into the solution for 120 min. 
(vii) Annealed the sample in an air furnace at 550 °C for 3h. 

When the parameters (step iii) are changed to 40 V and 3 
wt.% C2H2O4, then 50 nm pore size of AAO can be formed. 
Also, when the voltage and electrolyte (step iii) are changed to 
180V and 1 vol.% H3PO4, that 250 nm pore size of AAO can be 
formed. After the above steps, anatase TiO2 NTs can be 
obtained on the AAO template. 

III.  RESULTS AND DISCUSSION 

In this study, we constructed an experiment equipment as 
shown in Fig. 2 that consists of a heater (to heat the TiF4 
solution), a stirring rod (to maintain the dispersal of the solvent), 
a thermometer and a beaker (to put the sample inside). 

 

 

Fig. 2 Schematic diagram of AAO template with TiO2 NTs experiment 
equipment 

 

Fig. 3 shows (a) a 6061 aluminum substrate after 
electro-polish treatment and a 6061 aluminum substrate after 
the anodization and sol-gel deposition process; (b) the 
hydrophilicity test of an electro-polish sample. It shows that the 
surface after electro-polish treatment is wettable but not 
hydrophilic. 

Fig. 4 shows the hydrophilicity test of AAO template (using 
H2SO4 solution) (a) the AAO contact angle is 44.78°; (b) the 
contact angle of AAO after sol-gel deposition process is 0°; (c) 
the contact angle of AAO after sol-gel deposition and sealing 
process is 4.84°; (d) SEM image of H2SO4 AAO pore size is 20 
nm. It shows that the AAO surface is super-hydrophilic after 

sol-gel or sealing process. 
Fig. 5 shows the hydrophilicity test of AAO template (using 

C2H2O4 solution) (a) the AAO contact angle is 27.34°; (b) the 
contact angle of AAO after sol-gel deposition process is 7.93°; 
(c) the contact angle of AAO after sol-gel deposition and 
sealing process is 3.58°; (d) SEM image of C2H2O4 AAO pore 
size is 50 nm. It shows that the AAO surface is hydrophilic after 
sol-gel process and super-hydrophilic after sealing process. 

 

  

 

Fig. 3 Schematic diagram of (a) an electro-polish sample and a AAO 
template with TiO2 NTs; (b) the electro-polish sample’s contact angle 

is 84.76° 
 

Fig. 6 shows the hydrophilicity test of AAO template (using 
H3PO4 solution) (a) the AAO contact angle is 37.45°; (b) the 
contact angle of AAO after sol-gel deposition process is 11.66 
degrees; (c) the contact angle of AAO after sol-gel deposition 
and sealing process is 12.05°; (d) SEM image of H3PO4 AAO 
pore size 250 nm. It shows that the AAO surface is wettable but 
not hydrophilic after sol-gel or sealing process.  

AAO film with different pore size and thickness can be made 
by altering parameter values such as solution, time of 
anodization, applied voltage, electrolyte temperature, etc. For 
instance, AAO with 40 nm to 80 nm pore diameter can be 
produced by anodization of 3 wt.% (COOH)2 solution; AAO 
with 8 nm to 25 nm pore diameter can be produced by 

(a)

(b) 
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anodization of 10 vol.% H2SO4 solution; AAO with 180 nm to 
350 nm pore diameter can be produced by anodization of 1 
vol.% H3PO4 solution. 

The results revealed that the kinds of acidic solution and 
applied voltages appear to be important variables in the pore 
size and pore density of AAO templates. Generally, there is a 
suitable range of applied voltage in each concentration of acidic 

solution. Clearly, the findings indicate that AAO template 
possesses the wettability itself. It can be reasoned that the 
structure of AAO template is porous, and then, the capillarity 
action will be occurred. Furthermore, the contact angles 
reduced after immersing titanium in AAO templates by sol-gel 
and sealing process.  
 

 

 

 

Fig. 4 Schematic diagram of (a) the AAO contact angle is 44.78°; (b) the contact angle of AAO after sol-gel deposition process is 0°; (c) the 
contact angle of AAO after sol-gel deposition and sealing process is 4.84°; (d) SEM image of H2SO4 AAO pore size is 20 nm 
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Fig. 5 Schematic diagram of (a) the AAO contact angle is 27.34°; (b) the contact angle of AAO after sol-gel deposition process is 7.93°; (c) the 
contact angle of AAO after sol-gel deposition and sealing process is 3.58°; (d) SEM image of C2H2O4 AAO pore size 50 nm 

 

 

Fig. 6 Schematic diagram of (a) the AAO contact angle is 37.45 °; (b) the contact angle of AAO after sol-gel deposition process is 11.66 °; (c) the 
contact angle of AAO after sol-gel deposition and sealing process is 12.05°; (d) SEM image of H3PO4 AAO pore size 250 nm 

 
IV. CONCLUSIONS 

To conclude, the present study is preliminary research on 
evaluating the hydrophilicity property about the AAO with 
TiO2 NTs, but its relevance to the pore size research of AAO 
can also be seen. The ordered array Al2O3 NT films with 
different pore diameters were varied with kinds of acid 
solution, applied voltage, and electrolyte temperature 
principally. Moreover, titanium was immersed in the AAO 
templates by sol-gel process. The results revealed that pore size 
of AAO templates appears to be an important variable in 
wettability. Furthermore, a major finding is that the contact 

angle reduced after immersing titanium in AAO templates. But, 
it remains unclear why the values of AAO contact angle could 
not have a tendency toward the AAO pore size. This kind of 
TiO2 nanostructure is still very much in the experimental stage 
and much more has yet to be done. There is a continuing need 
for an adequate theoretical basis for the practical application of 
AAO templates with TiO2 NTs. 

ACKNOWLEDGMENT 

The authors gratefully appreciate the financial support of the 
Chung-Shan Institute of Science and Technology (CSIST) 

(c) (d) 

(c) (d) 

(a) (b) 



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:11, No:5, 2017

415

 

 

under the Contract No. NCSIST-442-V304(106) and, Ministry 
of Science and Technology, Taiwan under the Contract No. 
105-2221-E-239 -020. 

 

REFERENCES  
[1] S. Ramya, S. D. Ruth Nithila, R. P. George, D. Nanda Gopala Krishna, C. 

Thinaharan, U. Kamachi Mudali, Antibacterial studies on Eu–Ag 
codoped TiO2 surfaces, Ceramics International, 39, (2013)1695–1705. 

[2] O. K. Varghese, G. K. Mor, C. A. Grimes, M. Paulose, N. Mukherjee, A 
titania nanotube-array room-temperature sensor for selective detection of 
hydrogen at low concentrations, Journal of Nanoscience and 
Nanotechnology, 4, (2004) 733–737. 

[3] M. Raimondo, G. Guarini, C. Zanelli, F. Marani, L. Fossa, M. Dondi, 
PrintingnanoTiO2 on large-sized building materials: technologies, 
surface modifications and functional behaviour, Ceramics International, 
38, (2012) 4685–4693. 

[4] L. Snashall, Lasse Nore´n, Yun Liu, Toru Yamashita, Frank Brink, L. 
Withers, Phase analysis and microwave dielectric properties of BaO–
Nd2O3–5TiO2 composite ceramics using variable sizeTiO2 reagents, 
Ceramics International,38, (2012) S153–S157. 

[5] Z. Tun, J. J. Noel, D. W. Shoesmith, Electrochemical modification of the 
passive oxide layer on a Ti film observed by in-situ neutron reflectometry, 
Journal of the Electrochemical Society, 146, (1999) 988-994.  

[6] C. C. Chen, S. J. Hsieh, Evaluation of fluorine ion concentration in 
titanium oxide nanotube (TiO2 NT) anodization process, Journal of the 
Electrochemical Society,156, (2010) K125–K130. 

[7] H. P. Wu, L. L. Li, C. C. Chen, W. G. Diau, AnodicTiO2 nanotube arrays 
for dye-sensitized solar cells characterized by electrochemical impedance 
spectroscopy, Ceramics International, 38, (2012) 6253–6266. 

[8] C. C. Chen, W. D. Jehng, L. L. Li, W. G. Diau, Enhanced efficiency of 
dye-sensitized solar cells (DSSC) using anodic titanium oxide (ATO) 
nanotube arrays, Journal of the Electrochemical Society, 156, (2009) 
C304–C312. 

[9] P. M. Woodward, A. W. Sleight, T. Vogt, Ferroelectric tungsten trioxide, 
Journal of Solution Chemistry, 131, (1997) 9–17. 

[10] Z. Fang, Y. Wang, X. Peng, X. Liu, C. Zhen, Structural and optical 
properties of ZnO films grown on the AAO templates, Materials Letters, 
57, (2003) 4187-4190. 

[11] J. P. Tu, C. X. Jiang, S. Y. Guo, L.,P. Zhu, F. M. Fu, X. B. Zhao, Friction 
and wear properties of aligned film of amorphous carbon nanorods on 
anodic aluminum oxide template in vacuum, Surface and Coatings 
Technology, 198, (2005) 464-468. 

[12] C. C. Chen, Y. Bisrat, Z. P. Luo, R. E. Schaak, C. G. Chao, D. C. 
Lagoudas, Fabrication of single-crystal tin nanowires by hydraulic 
pressure injection, Nanotechnology, 17, (2006) 367-374. 

[13] Wen C. Say, Chien Chon Chen, Formation of Tin Whiskers and Spheres 
on Anodic Aluminum Oxide Template, Japanese Journal of Applied 
Physics, 46, (2007) 7577-7580. 

[14] S. H. Chen, C. C. Chen, Z. P. Luo, C. G. Chao, Fabrication and 
characterization of eutectic bismuth–tin (Bi–Sn) nanowires, Materials 
Letter, 63, (2009) 1665-1168. 

[15] G. E. Thompson, R. C. Furneaux, G. C. Wood, Electron microscopy of 
ion beam thinned porous anodic films formed on aluminium, Corrosion 
Science, 18(5), (1978) 481-498. 

[16] G. E. Thompson, G. C. Wood, Porous anodic film formation on aluminum, 
Nature, 290, (1981) 230 -232. 

[17] C. C. Chen, C. L. Chen, Y. S. Lai, Template Assisted Fabrication of Pt–Sn 
Core–Shell Nanospheres, Materials Chemistry and Physics, 131, (2011) 
250-253. 


