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^_È abcdefg TiO

2

KLMNGhijkl

�mn�opqr�s�2t� 

[3~6]

Ou�v!�w

[\���������� TiO

2

KLMNGxyz

�{|�}r!~ Paulose��

[7]

� NH

4

F/�����

����@ 134 µm � TiO

2

KLMNG�Shankar �

�

[8]

�a����������@ 220 µm KLMN

G�Albu��

[9]

� HF/���������@ 250 µm

� TiO

2

KLMNGO�Q�R�@!2t�����

+��� TiO

2

KLMNG���!�gw[\���

�KLMNG����f����]gKLMhim

n�2t��

[10,11]

O������� �\��!�

�2t� NH

4

F/��ENH

4

F/������� TiO

2

K

LMNG�����!Z @�;����� TiO

2

K

LMNG����fO

���� �

¡¢	£¤¢¥ 99.6%!¦¥ 0.25 mm§¨©ª«

¬­	�®¯E°
¤¢¥ 99.99%!±² 20 mm × 30

mm × 0.2 mm§¨©³´;µ��2t¶·!¸¹º

»C�#¼A½¢º»O

	£º�
��ef¾¿�ÀÁpÂÃ→ÄÅEÆ

[��ÇÈÉÊ→ËÌ[ÉÊÍÎ→�,ÏÐ→ËÌ[

ÉÊ→ÑÒÓÎS�:O�,ÏÐ��Ô�� 1�1�2 �

HFEHNO

3

jËÌ[�ÕÖ×��}�OÏÐØ:ÙÚ

&!�¿�ÛÜÝÞßàO

TiO

2

KLMNG����P������Ãá¤~

â 1§�}�!�ãØ: WYKä1502 åæ¾ç8ç¾

�ã¤è)éêë�ì;íîï§!	£º�
���!

°
�ð�!ñ�òóô� 4 cm!º��õö¤20�§

9}�O���A÷Ø:�; 0.5% NH

4

F¤øùA_!

9a§���×�j 0.25%NH

4

F/���×�O

~ 1 ./01����~

Fig.1  Schematic diagram of anodic oxidation reactor
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Table 1  Effect of anodic voltage on inner diameter (D) and 

length (L) of nanotube in NH

4

F/ ethylene glycol  

electrolyte 

Voltage/V 10 20 30 60 

D/nm 35 60 75 185 

L/nm 1365 3450 2000 1562 
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Fig.2  FE-SEM top and cross-sectional images of nanotube arrays for 20 h under different voltages in NH

4

F/glycerol electrolyte: 

 (c) 10 V, (b) 20 V, (c) 30 V, and (d) 60 V 
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Fig.3  FE-SEM top and cross-sectional images of nanotube arrays for 15h under different voltages in NH

4

F/ ethylene 

glycol electrolyte: (a) 20 V, (b) 40 V, and (c) 60 V 
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Fig.4  FE-SEM top and cross-sectional images of nanotube arrays under 20 V for different times in NH

4

F/glycerol electrolyte: 

(a) 15 min, (b) 30 min, (c) 2 h, and (d) 40 h 

 

�����!KLMNG�h>a�Hh�KL��

�SKLMNG�I��¿O 

â 5 G@� NH

4

F/���������-òg�

��¦¥�mnO60 V�89���� 5 h��R]

S 26.8 µm!��-ò��i 15 h-!����¦¥

]S� 64 µmOj�}{X����-ò!����

¦¥k�9l!a! Shankar ��

[8]

� DMSO ���

����ýQW^{mO2tn�a�o��-ò�

���¿�!+ù�[b×p;�����0m��

�¦¥*3O�	\�� NH

4

F/���������

� 40 hql�z+r 4.6 µm��KLMNGO�U!

�;�����!TiO

2

KLM���!×��s¥]

S%tuv-òw�[\������O 

g©� NH

4

F/�������z�Qx�AKL

���E9AKLMNG�yÖ��!Tsuchiya��

[13]

�2t Ti

29

Nb

13

Ta

4.6

Zr Ö�Áp�z�KLMNG�

�-x;"#ýQOz{n�!\�>A`a¼�� 

d|,}~jKLM�V�,>A`a¼���|,

}~�¼�Qx������oO�º��!\�Ø 

 

 

 

 

 

 

 

 

 

 

 

~ 5  NH

4

F/<=>'67@01KLO01��r 

UVW 

Fig.5  Effect of anodic time on length of nanotube in NH

4
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Fig.6  Effect of water content in NH

4

F/ethylene glycol electro- 

lyte on surface morphologies of nanotube arrays (20 V, 

2 h): (a) 1% and (b) 5% 
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Fig.8  Schematic diagram of the evolution of TiO
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Growth Mechanism of TiO

2

 Nanotube Arrays on Titanium Substrate in 

 Organic Electrolyte 

 

Tao Jie, Tao Haijun, Bao Zuguo, Wang Ling 

(Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China) 

 

Abstract: TiO

2

 nanotube arrays were prepared by anodic oxidation at a constant potential in organic electrolytes (NH

4

F/glycerol, 

NH

4

F/ethylene glycol). The effects of anodic potential, anodic time and electrolyte composition on the nanotube morphology were 

investigated. A growth mechanism of TiO

2

 nanotube arrays in organic electrolytes was proposed. The results indicated that a much wider 

range of anodic voltage and longer anodic time for the preparation of TiO

2

 nanotube arrays were required in organic electrolytes. 

Furthermore, TiO

2

 nanotube arrays with different morphologies could be fabricated in organic electrolytes with different water contents. 

The large coefficient of viscosity and the low oxygen content of the organic electrolytes improved the growth velocity of the nanotubes, at 

the same time controlled their corrosion velocity, resulting in forming longer nanotubes in the electrolytes. Since the growing velocity of 

nanotube arrays in NH

4

F/ethylene glycol was bigger than that in NH

4

F/glycerol, longer nanotubes (64 µm) could be obtained in 

NH

4

F/ethylene glycol. 

Key words: anodic oxidation; TiO

2

 nanotube arrays; growth mechanism 
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