
� 47� � 7� ��������	                                Vol.47, No.7

2018�      7�                        RARE METAL MATERIALS AND ENGINEERING               July  2018

�����2017-07-12 

���	����	
��
������(9140C2501060C25002)


��
�������1977���������� �!�"#
�$%&'�()*+,-./01����	
��23
��

���45 ./ 266101�6780532-68725172�E-mail: huanggs@sunrui.net

�����������	
��
��

����� ����	�
��

(!�"#
�$%&'�()*+,-./01 ���	
��23
�����45 ./ 266101)

� ��9:;<=6;>?@ABC	DEFGHI��JKLMNOPQRSTUVOWXYZ[\]^_`ab

STUVcdR+,ef$!ba6;>Dg�hijaO`STUVRk;6lDgmnopq[r+,sOk;6

lctuv<�9:;<6XRwxyz{^|R}~y���;�0�a6;>Dgy�d�NR�V[�����

9:;<6XRk;6lwxJ 320 h���� 12 h��6����6l���wx� 840 h�6Xwx 420 h��z{

^|R9:;<���;���������y ¡�¢£��¤;�¥¦§¨©ª«�¬­�z{[

����9:;<®6;>:;®�:6¯

�������TG174.453        ������A �����1002-185X(2018)07-2067-05

������� Ti

n

O

2n-1

�	
 4�n�10

[1-3]

��


��� Ti

4

O

7

� Ti

5

O

9

�Ti

4

O

7

���� 1770 S/cm�

�������

[4-6]

������� !"��#$%

&'()*+
,-./01

 [7-9]

�����-1 

�2345678 	9�:;<���=>?�&

@)AB
���=>? 3.2 V�� ��*C���

DEFGH(�FIJ

[10]

�KL<���=>?�


�MNO&P�QRST��UVWX�Y�OM2

�ZD�
��[\]^_`a56b	��=�c

deOfg_`�hi	j-klm��Fn-�o

pqr!"��Dm��F01

[11-13]

�sb 	&4

tuvwx�y��2z{_`|}~�����8

 ������7��IJ�m�M2�F����

������I����m������G���	

�������=����0	Vi	������

MNO���M2��

[14-16]

�

�_`��1G�� qw¡�¢�o����

�F(Ti

n

O

2n-1

/Ti�F)�£/¤¥	������¦�

¤¥	��=§��¨���1y��2w¡©ª

Ti

n

O

2n-1

/Ti�F�z{�«
\¬�­®��¯°��

�U	y��2���±x���Zv�

���� �

Ti

n

O

2n-1

/Ti�F8G�� q²³�´�9µ�¢

�¶�²³·¸K%��oµ�¹uvº�oµ�1

TA2�»�¼½� 100 mm¾70 mm¾2 mm�¿ÀÁ

Â*Ã4�1ÄA�ÅÆ�ÇÈÉÊËÌÃ 5~10 min�

ÍÎÏ±x�tÐÑÒ�Ó�»ÊËÔÕ¬�& Ö

Z×de Öuv��»Øxde Ö� ÖÙÚ�

50º~90º� ÖÛ�� 40~90 mm�ÜÝÞÊvºß²

Ïde q²à�deÜÝÞÊv�áß²Ï¹âã

600~800 ä�ÜÝÞÊvÔÕ¬�åæç#TèÒé

êëì�0´í�îïã 7~12 kPa� q²³ºß�

»1à&ðñò9×�ó1G�� qôõde q�

�������ö÷��Þ�ø 530 A��í 53 V�

ù�úÚ� 28 g/min� qÛ� 110 mm� qúÚ�

30 mm/s��» qÔÕ¬�æç#èÒ�êëì�û

ã�»ªüýþ��¬ªüde��uv�1� 

ß Ti

n

O

2n-1

/Ti �F���� 20 mm¾10 mm¾2 

mm ��ªü	
�1�t�
Ë��ß���1�

��&ªü×�1������ªü�V 10 mm¾10 

mm��x�m�²m�F� 

��=©ª& 2273 ²m�de��1��Fµ

ô�²m�F� Ti

n

O

2n-1

/Ti�F����F� Pt�F�

·��F��� !�F�"�#$%�&'�Q(

)�-1~2.8 V�&'ú�� 50 mV/s�&'*¸� 10

*�+�QF�%��&'úÚ� 0.167 mV/s�&'

RS��,�QÍU��Q���=-ø./0©ª

�&'�Q12�310 mV�&'4�RS� 10 

MHz~0.01 mHz�¸5�U�1 Zsim6Ïde� 

Ti

n

O

2n-1

/Ti�Fy��2z{©ªôõ�17õ�

��Fµô�²m�F�b�F,� Ti

n

O

2n-1

/Ti�F�



°2068°                                       ±M�²YZ
��                                              � 47� 

	
�ø8Ú� 1 A/cm

2

��F«
£9íïã 7.5 V

�:;<=�©ªAB�1 1 mol·L

-1 

H

2

SO

4

AB� 

������	
�

�����Ti

n

O

2n-1

/Ti �����	
��
�

> 1 �&$Ú 40 ä%�Ti

n

O

2n-1

/Ti �F& 1 

mol·L

-1 

H

2

SO

4

AB
�ø8Ú� 1 A/cm

2

��y��

29í?�2�)�°�@A�8>
-£BV�&

CD�E��0~24 h T��29��í¤F& 5.2 V

GH�M2fI�)¬�9í%M�JK7LI�)

u ��MI�Ti

n

O

2n-1

/Ti�F±xN�2cO�ÔP

é�QR�S^�8 �F±x�fñ�Tc���

F�.U��V£WE9íU��s7?X�2�d

e�Tc�YZ[\A2�]^��±x�._��

�í%M� 

& 24 h¬9íMã 4.5 V¨¤F`ñ�& 24~320 

hLaMI�9íbcO°�¨`ñ& 4.5 VGH�×

%d+O��ef�F`ñ¨¤Fg;²m��FN

�2Bé�QR�h�FqÂ±x`ñ�qÂi[\

¤Fjk�l�m�F�.Ohn°��]^�29

�íOhn°�� 

& 320 h£¬�9�íop°��ïã 7.5 VqÍ

r�ã 20.36 V�efL��Fstuv«
��Fz

{� 320 h�w�Uxy�F^z�Ti

n

O

2n-1

/Ti�Fz

{{|�}p Ti

n

O

2n-1

/Ti �F9��~������

� f��F<���=>?�9�����2
��

s7O���U���ø8Ú�&y��2%U��

«
�L7 Ti

n

O

2n-1

/Ti �F���O��u��� 

&	z{×bIJ��£��F�m²³×de�

d�£/0´�F��������ø8Ú����

��y��2z{� 

> 2�� 12 h��f��å�ø�9í?y��

2�)°�@A�-£BV&«
�\��Q�°�

N����ø�WX7w����7¿MN�ár��

��& 840 hGH�9í�pr�Í 16.7 V�� 12 h

��f��å�ø-�
Yr�F�y��2z{�

sN7õ�Fw��z{�U|�C�×��FU�

b�F��vm1f�N EFU��K�C�m�

EF��)�� 420 h� 

���� Ti

n

O

2n-1

/Ti �����������

�o�����F&y��2CD«
\¬�F

±x SEM��K> 3V��	
> 3a� 3c7�o�

����F&y��2z{CD\�­®�> 3b �

3d7«
¬�­®��F��(��±xqÂViO

���[\� 

 

 

 

 

 

 

 

 

 

 

³ 1  §¨´6lµ¶R�; 

Fig.1  Variation of cell voltage with electrolysis time 
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Fig.2  Variation of cell voltage with electrolysis time�reverse 

current per 12 h� 
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Fig.3  SEM images of Ti/Ti
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 electrode: (a, c) fresh electrode and (b, d) failed electrode 
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Table 1  Composition of Ti/Ti
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 electrode before and after 

electrolysis (ω/%) 

Element C O Al Si Ti 

Before 

failing 

0.55 46.5 0.71 0.28 Bal. 

After 

failing 

0.48 47.92 0.14 0.18 Bal. 
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Fig.4  XRD patterns of Ti/Ti
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 electrode before (a) and after 

(b) failing  
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Fig.5  Polarization curves of Ti/Ti
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Fig.6  Cyclic voltammetry curves of Ti/Ti
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Electrochemical Degradation Performance of Ti

n

O

2n-1

/Ti Electrode 

 

Huang Guosheng, Liu Feng, Li Xiangbo, Sun Mingxian 

(State Key Laboratory for Marine Corrosion and Protection, Qingdao Branch of Luoyang Ship Materials Research Institute, 

 Qingdao 266101, China) 

 

Abstract: Ti

n

O

2n-1

/Ti electrode is a potential anode for sewage electrochemical degradation due to its high conductivity and wide 

electrochemical window. However, few work was done to evaluate its accelerated life performance. The electrochemical properties and 

surface reaction mechanism of Ti

n

O

2n-1

/Ti were analyzed by the accelerated life test method. The result shows that the accelerated life 

cycle of the Ti

n

O

2n-1

/Ti electrode is about 320 h. The life cycle of it can be extended to 420 h by alternating the current direction. The 

failing reason of the Ti

n

O

2n-1

/Ti electrode is the exfoliation of the coating, which causes the passivation of the Ti substrate; consequently 

the cell voltage is increased, and as a result, the electrode fails.  

Key words: titanium sub-oxides; electrochemical oxidation; oxygen evolution potential 
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