
� 47� � 2� ��������	                           Vol.47, No.2

2018�      2�                        RARE METAL MATERIALS AND ENGINEERING              February 2018

�����2017-02-23

���	����	
���11374053������	
���2015J01190�


���������1993������������
� !"�#��� �� 350108�$%&0591-22866532�E-mail&394712792 

@qq.com

Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

���������

���

1

����

1

��	


1

���

2

�� �

1

(1. ������� �� 350108)

(2. '()!�#, �� '( 361024)

� ��*+,-./012 Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

34567$8��9:;<=$>?@A�X BCDBEFGHI

JKLMNOP-Q2 Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

$8��RSTUVJ$WXY9UZ[\&] SnO

2

^_`a�567b

cdefUV Mn

3

O

4

ghijk�efUV SnO

2

ghi`a9 lmn4567go�SnO

2

Rapq\?rs$8

��t 0~0.5 V uvR$Lwx�yz{56l|XR}~��t��"����0256mR|X9SnO

2

Rap�

r�2$8��R$���$ME���v��E�������R$Wwx��9go��$8���

Ti/Ir

0.2

Mn

0.6

Sn

0.2

O

2

$8��t���� (≤ 1 Hz) ���R$WwxJ��R|X� ¡¢£¤�Ro$W¥9

����n56l�n56¦�o$W�$6�MNO

��	
���TM535 �����A ����1002-185X(2018)02-0546-07

��������	
���������

��������������������� !

(MnO

x

)"#$%&'�()*'+�*,-./*0

1�2 1100~1300 F/g�345��6

[1, 2]

�78 Lee 

9 Goodenough

[3]

: 1999;&�� !�����<

=>?@�MnO

x

ABC�D�EFG�HI�JKL

�MN� O����PQ

[4]

�Z. H. Liang 

[5]

R0

SnO

2

-Mn

2

O

3

LSTUVW� Ti/SnO

2

+Mn

2

O

3

/PbO

2

�

�XY� Ti/PbO

2

��� 2 Z[��� !���	


\]^_��`a�bcd^ef9ghfi�j

klT�mn� op`a�01:���qrst

u v � � p f � ( w x  y Mn(z)/Mn({) *

Mn(z)/Mn(|)9 Mn(})/Mn(|)

[6, 7]

�̀ a~V�"2

���y

MnO

α

(OC)

β

+δC

+

+δe

�

←→MnO

α-β

(OC)

β+α

    (1)

�S�C

+

N"�jkS�ef9���hf�Li

+

, Na

+

, 

K

+

�� MnO

α

(OC)

β

9 MnO

α-β

(OC)

β+α

� � " �

MnO

2

·nH

2

O �^�(9'(�w����1���e

f9���ghf��iC� op`a���d�

� �����
����f9hf������

���� �d�:������,����( ¡�

��¢£¤¥j)R¦§�¨VC©ª«a¬

[8, 9]

�L

���� �����9�,���R���;\�

®¯°G&±²³´�� �1©µ¶�·C¸¹

EF

[10-12]

�º&»� �[¼� !����EF

>?½¾� 

¿ÀÁÂÃ¬ÄÅ� !T�ÆÅÇa\���

���È�95���:��� É�� °È�

95����MÊË/�ÇÌ

[13-15]

�HÍ&» MnO

2

[¼� !����©Î�Ï5&�����Ð

Ñ�EF%&½¾�¿EFÒ¬Ó�jÔVWÕÖÎ

�L Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

�×¼� !�����

ØÎ�& Ti/Ir

0.2

Mn

(0.8-x)

Sn

x

O

2

����³´*"�

ÙÚ01� °���ÐÑ� 

��������

Ò¬Ó�jÔ: 340 ÛVW Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

×¼� !���©S x = 0.0�0.1�0.2�0.3�0.4�

0.5�&a^ SnÜÝ�ÞL 0%�10%�20%�30%�40%�

50%��ß��ÉÕÖàDL 0.5 mg/cm

2

�1 mmá�â

ã TA1�äåæçè*éê*20%ëìíîïð 40 min�

ñò�óô@W¬�õöÉî�ö �*÷ö øù�

�hfÜÝ5¥j^úñûüS��ýþ��l¥j�

��¡� 48 h@�����^ä	
�����@

æ��I�� �¡: 300 Û������SÓ� 

10 min�$�����@: 340 Û�� 1 h�$����

�ÊÄÅÎ�� Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

��� 

Ò¬ X������Rigaku, Ultimate z, Japan�



� 2�                                    ���P&Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

$8R$WXY§¨                          ©547© 

 ! Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

� !����%³´�

Ò¬"¯ ZEISS SUPRA 55#$�%<=� !�U

"� SEM!&�0VW���Lâ'�� (�(L 1 

cm

2

)�)9*+��L�5�����(�äåL,

-��´Î×��
.�: 0.5 mol/dm

3

 H

2

SO

4

¥kS

<=� °��!&�©S�,/0!&:�123

GHI660D � °â'4�<=��5rs 0~1.0 V�

#$67 10 mV/s�89�:;:<=>? Autolab 

PGST-302N� °â'4<=�!&�@L 0.75 V�

þAL 10 mV�BCDTL 0.005 Hz~100 kHz� 

������	
�

�����SEM ���

E 1� Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

��� SEM�F�m

0G$�Î�x &� !�U�ÙÚH���ÐÑ�

�E 1aI��Ti/Mn

0.8

Ir

0.2

O

2

��"�H�JÄK�L

M�NO“PQ”�"�³´RS�THUV�W¹ 10 

mol% SnO

2

@�[CX�“YU”ÙÚ�UVx[xZ

x¸(E 1b)�[ SnO

2

Â¼\W] 20 mol%^��U_

#`a“YU”ÙÚ�UVbc�ÞDÄ[º�Z��

�Z�m2 4 µm de�UVfXo�:UV (E

1c)�Z�bc�UVHÃ^�jkg�Uh¸�ij

�Ä£¤kl�\W�U�HÇ�(�[ SnO

2

Â¼<

Km\W] 30 mol%^�UVno�Z7xp�q^

rs (E 1d)�» 40 mol% SnO

2

���(E 1e)i» 30 

mol% SnO

2

��ÙÚ%O��» 50 mol% SnO

2

��(E

1f)t"#LUVÞD\W�	¿LnoUV�Z7�

xp�buUVv�:^�U�w"��xHgh¸

£y��U���rs� 

�����XRD ���

E 2L Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

��� XRDE;�Ti

z\7^	
�8E 2 SG$��U³{%L|�³

´� MnO

2

9}�³´� Mn

3

O

4

�IrO

2

0~xÙ��

��% IrO

2·x

H

2

O Ù��:�}�³´� Mn

3

O

4

��

�z%&½����� !�US�	
0�³´�

:�W¹ 10 mol% SnO

2

l@��E 2I��|�³´

� MnO

2

��7	¿Äx�}�³´� Mn

3

O

4

���

z�7�����W¹ 20 mol% SnO

2

l@�&a��

�L 22.6°9 33.8°$# 2���z�����^� IrO

2

9� SnO

2

����zlT���b 2�zL���³

´�(Ir,Sn)O

2

�¥
��z�ºz����m�i»

D½'9³{�7�½'H���� SnO

2

»D<Km

\��8 30 mol%� 50 mol%�|�³´� MnO

2

�

�7	¿Äx����³´�(Ir,Sn)O

2

�¥
���

z��xÊ��9��,�}�³´� Mn

3

O

4

���

z�7����o]	¿�b��^ø�� !X�

��: Mn

3

O

4

"����CvX Mn

3

O

4

����7�

8bK³Ìm0G$��W SnÂ¼m0��µ¶� 

!ÂÎ£¤½�x � 

������	
�����

E 3L Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

����,/0�CV�

c��Ti/Ir

0.2

Mn

0.8

O

2

����,/0c��(½J��

� opz�Ä���º/0c�&����HO�

Ù�3������b��¼» IrO

2

� !���� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ª 1  Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

$8R SEM«¬ 

Fig.1  SEM images of the Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

 electrodes: (a) SnO

2

-0 mol%, (b) SnO

2

-10 mol%, (c) SnO

2

-20 mol%, (d) SnO

2

-30 mol%,  

(e) SnO

2

-40 mol%, and (f) SnO

2

-50 mol% 

20 µm 

a 

b 

c 

f 

e d 



©548©                                          �®�� !"                                            � 47� 

 

 

 

 

 

 

 

 

 

 

 

ª 2  Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

$8R XRDªO 

Fig.2  XRD patterns of the Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2 

electrodes 

 

�,/0c�½L����§�� GrupioniR�

[16]

>?

� IrO

2

-MnO

2

����01¿ÀÁ>?� IrO

2

- 

CeO

2

[14]

*IrO

2

-SnO

2

[17]

*IrO

2

-Ta

2

O

5

[18]

R����K�

��dL MnO

2

����� '/0Ña�9�¡K�

�:�5J^ 0.5 V^ IrO

2

"#LÄË�
�vH[�

5�� 0.5 V^�¢�"#$������� 

�W 10 mol%� SnO

2

@�Ti/Mn

0.7

Sn

0.1

Ir

0.2

O

2

��

�: 0~0.5 V �5DT�/0�9ÑaÊ����£

¤�: 0.5~1.0 V �5DT� opz�xÊ���[

SnO

2

»D\W� 20 mol%^����: 0~0.5 V�5

DT�/0Ña�����: 0.5~1.0 V �5DT� 

opz6�9Å^Ê����H���/0�(1O

�Ù�3������ 

�,/0� z�D}5^�����¥ È

��: 0.5~1.0 V�5DT�� opz&a Ir(III)/Ir(IV)

lT�¦§�m0G$��W¾D SnO

2

�×¼��i¨

�WSnO

2

��¼��� z©xDÄ�������SnO

2

MNX�MnO

2

@�IrO

2

�����¨�Ê����©/

0Ña�9���acd^ MnO

2

���È�Ê�£¤

Ir�dLMnO

2

��,/0c�L�Ù���Ä$#�

 opz�d�È���@�"#Lª��5DTv/

0Ña�9ª
Ê����[ SnO

2

�»D≥30 mol%^�

� opz	¿«¬��,/0c�L`a�3���

���[ SnO

2

�»D2� 50 mol%^�c�$#���

��������W SnO

2

¢ ���U:'�q®¯

�������b�dLøhf�:^�� �U�³

´S� �Ì°±²[³¢´ÎUT�µ¶�8��·h

f�¸¹�Ä¢��5���º]¢��� � 

»¼�½��m�¾���5��: 

2

*

S,SnO

2

q

C

m V

=

⋅ ∆

                         (2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ª 3  Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

$8RFGHI¯C 

Fig.3  Cyclic voltammographs of the Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

 electrodes 

with various SnO

2

 contents: (a) 0 mol%, 10 mol%, and 20 

mol%; (b) 30 mol%, 40 mol%, and 50 mol% 

 

�SyC

S,SnO

2

L0�US SnO

2

 �ÕÖàD m �¾

�5��(F/g)�q*L�,/0(��D(C/cm

2

)�∆V L

/0c��!&�@rs(V)��¾³Ì�E 4 I�� 

[ SnO

2

»D\] 20 mol%^�Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

� � � 5 � � 2 � � � 6 253 F/g � ¿ L 

Ti/Mn

0.8

Ir

0.2

O

2

��5��� 2.5 Z�l@� SnO

2

»

DÀÁ\W�5�����J�©	
pdm��y

�W SnO

2

@�Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

�¥
³{�7�

 �ÙÎ(Ir,Sn)O

2

�¥
���vU�ef¸���

�Â�HÃ^�f9ef¸����Ã¶Ã¬��[

�W�D SnO

2

 (x≥0.3)^����5��ÄÅ� �b

�dL SnO

2

LÆ�
� !��D� SnO

2

�¥^ 

Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

lS�¢ '�����f��

����·C IrO

2

 7ÇÈ��£È� 

��É�ØmÊ���MnO

2

-SnO

2

-IrO

2

×¼� !

S� SnO

2

»D¢ËV IrO

2

� opÈ��ºH-^�

�MnO

2

�È��b³Ìi IrO

2

-SnO

2

�¼� !�EF

³Ì��ÄÅ�¿ÀÁÂÌÍÍ

[13]

R��EF"�y 

20      30      40      50      60 

2θ/(º) 

I
n
t
e
n
s
i
t
y
/
a
.
u
.
 

MnO

2

 

Mn

3

O

4

 

Ti  

Rutile 

SnO

2

-50 mol% 

SnO

2

-40 mol% 

SnO

2

-30 mol% 

SnO

2

-20 mol% 

SnO

2

-10 mol% 

SnO

2

-0 mol% 

0.0 0.2 0.4 0.6 0.8 1.0

-3

-2

-1

0

1

2

3

a

 

 

C
u

r
r
e
n

t
 
D

e
n

s
i
t
y

/
m

A
·
c
m

-
2

 0 mol%

 10 mol%

 20 mol%

0.0 0.2 0.4 0.6 0.8 1.0

-2

-1

0

1

2

b

 

 

C
u

r
r
e
n

t
 
D

e
n
s
i
t
y
/
m

A
·
c
m

-
2

Potential/V vs. SCE

 30 mol%

 40 mol%

 50 mol%



� 2�                                    �����Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

�	
�����                          �549� 

 

 

 

 

 

 

 

 

 

 

 

 

� 4  Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

�	
����� SnO

2

��
��

�� 

Fig.4  Relationship between CV capacity of Ti/Mn

(0.8-x)

SnxIr

0.2

O

2

 

electrodes and SnO

2

 content 

 

IrO

2

-SnO

2

�������� SnO

2

	
����

IrO

2

-SnO

2

������������������

�������� SnO

2

 20 mol%!�"#$%���

���&'()*��+MnO

2

�,-.�SnO

2

��/

012% IrO

2

������&3	���4�56��

��7MnO

2

�,-.�SnO

2

��/89:; IrO

2

��

�<=�����&>?@A�B�=C�<7DEA

F�GH& 

���������	
�

I 5 Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

�J� 0.75 VKL�M

N5OPI&QR Z

re

ST�J�MN�U�VR Z

im

S

T�JSWXY�ZN�U

[19-21]

&�%[\�]I 5�

^I�MN_ `ab�cde�)f�gU/���h

P�ijkSWlmn�MNocd�pqrst�u

vwXY��ixy�M R

ct

&z{]I 6|}&0~�

� SnO

2

	
����J��� R

ct

��������

$����A�{�����&R

ct

����J�sPv

��]�������7�&�I 10��	 0 mol%~10 

mol% SnO

2

�J7�%�sP������7���

 �����C¡�i¢y��JsP�M£¤�&

l 20 mol%��J��¥��¦��§¨<©�¥�

��ª«���|1�i�j¬©�A��M£�C

¡s�¤%� R

ct

&	 30 mol%~50 mol% SnO

2

��

J�sPv�®¯�C¡s�®°��ixy�

M�¦f±��¤²�C¡ R

ct

��&{LA2�)�

�³´Qµ¶·¸�z R

ct

{¹�± 0.9 Ω�*º»�

¼�U¼�¢yM½¾¿¹À¤��STÁ�JÂ

7¤Ã�U¼��¼Ä�Å�& 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

�	
������ 

Fig.5  Nyquist diagrams of the Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

 electrodes 

with various SnO

2

 contents   

 

 

 

 

 

 

 

 

 

 

 

� 6  Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

�	
� !"�� R

ct

� SnO

2

��


���� 

Fig.6  Charge transfer resistance (R

ct

) of the Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

 

electrodes with the SnO

2 

content in coatings 

 

 ÆÇÀ¤ÈÉÊË�I 7Ì 0.005�0.1�1.0�

1Í 10 Hz»W��Z� SnO

2

	
���ÎÏ&�Ð[

\ 0.005~1.0 Hz\Ñ�20 mol% SnO

2

�JÒÂ7Ó%±

zÔ�J�À�Z{&�� 10 Hz�20 mol% SnO

2

�J

Õ7$��À�Z{&@�Ö×�ixy�MØÙ�Ú

)AÛ�&%[.�J����1t�u�Z©Ü�

Ý��i
�����J�7ÞÀsPß��ixy�

M7�à�20 mol% SnO

2

�J��ixy�M$��C

¡%[.z�Z$�& 

��������	
�

I 8 Ìá Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

(x=0.0�0.1�0.2�0.3�

0.4�0.5)�J�âã�
 q*��iäåæ�âãçè��

��àÎÏ&�iäåæ�éêëì].í1çè�� 

15 mV/s |»W�âãßØ�
 q

0

��zîçè 

0 10 20 30 40 50

80

120

160

200

240

280

�

�

C

S
,

 

S
n
O

2

/
F
·
g

-
1

 

Content of SnO

2

/mol/%

0 400 800 1200

0

400

800

1200

0.0 0 .4 0.8 1.2

0 .0

0 .4

0 .8

1 .2

 

 

Z

i
m

/
Ω
 

Z

re

/Ω

 0  m ol%    1 0 m ol% 

 2 0 m ol%  30 m ol%

 4 0 m ol%  50 m ol%

 

 

Z
'
'
 
/
Ω

Z ' /Ω 

0.4

0.5

0.6

0.7

0.8

0.9

 

 

R
c
 
t
/
Ω

SnO2 Content/mol%

0    10    20    30    40    50 



�550�                                          �������	
                                            � 47� 

 

 

 

 

 

 

 

 

 

 

 

 7  Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

��� 0.005�0.1�1.0��� 10 Hz�

���� SnO

2

�������  

Fig.7  Surface specific capacitance of the Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

 

electrodes vs the SnO

2 

content at 0.005, 0.1, 1.0, and 10 Hz  

 

��������	
��� q

x

��������� 

η

=

(q

0

�

q

x

)/q

0

                                (3) 

�� 8a �������� SnO

2

�� !"#

$�%�&�'()*�%�+,- SnO

2

.�/01

23�4#�567��89�:;<�%���

�=>?@AB�CDEF7 93 mC/cm

2

�G��

%/0HI$JK�L&�'()#M�< (<150 

mV/s)�10~30 mol%SnO

2

���%���N1+

,- SnO

2

� IrO

2

-MnO

2

OP�%L)QLM�<(>300 

mV/s)�R@ 20 mol% SnO

2

���%�1+,-

SnO

2

� IrO

2

-MnO

2

OP�%L)# SnO

2

�<S10 

mol%~20 mol%T�UV�%���7LM�<<"

W�4��5�%XY���4L�Z[&�'(

4\)20 mol% SnO

2

���%74]�M^��_

`abVABc 100 mC/cm

2

�5LM^��(500 mV/s)

:;<��%���bV��EF7 150 mC/cm

2

�G)L SnO

2

�(30 mol%~50 mol%)�&�'(4

d)e� 8b �f�ghij� SnO

2

���-��

%7k3lM�<��������mn���o

� SnO

2

�� 30 mol%~50 mol%��%����

gM���-Q<"p�!q�Q� 0 mol%~20 mol% 

SnO

2

��%���<"rs4tu�# SnO

2

�

��%HI�vJw�&�'() 

���������	
 

xyzH{|�}~�������������

���������7ij�����������t

�����)gM^�������%[3a����

��S�������T�I� �¡D¢�aH{m

n£¤¥¦§Q¨©ª|«��¬* v®¯.�° 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 8  Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

(x=0.0�0.1�0.2�0.3�0.4�0.5)��

�� �� q*!�"#$%�� &'()�*+�

� 

Fig.8  CV charge, q* (a) and charge loss (b) of the Ti/Mn

(0.8-x)

-

 

Sn

x

Ir

0.2

O

2

(x=0.0�0.1�0.2�0.3�0.4�0.5) electrodes as 

a function of the CV scan rates  

 

±����²�³´(� q

outer

)*��M^��m

nBµ.�¶·´(z�ª|«��.�¸¹���¨

º»|³H{´(¼½¾�¿@ÀÁ�.���Âij

�a��|aH{´(¼½¾�¬* v®0.�°±�

���²�Ã´(� q

total

)aH{´(� q

inner

6

|ÄÅ7�Æ�ÇÈ�¢�������a´(H{@

É��)¬��Ê�a³´(�§Hf´(H{

�����»Ë

[ 22]

� 

1 / 2

1

*

in t e r o u te r

1 1

C v

q q q

= +

+

                 (4) 

* 1 / 2

outer 2

q q C v

−

= +

                        (5) 

inter total outer

q q q= −

                         (6) 

� 9au 9b�¨l SnO

2

���%7¨lM^�

�< 1/q*| v

1/2

�� q*| v

-1/2

���ÌÍÉÎ)ÏÐ

³ÑÒ�*M^�� v®0 .���±ÂÃ´(�

q

total

)* v

 -1/2

®0.���±Â³´(� q

outer

)ÓÔ

�ÕÒ°±�³´(� q

outer

�Ã´(� q

total

�Ê� 

0 10 20 30 40 50

0

10

20

30

40

50

60

70

 

 

C
/
m
F
·
c
m

-
2

SnO2 Content/mol% 

 0.005 Hz

 0.1 Hz

 1 Hz

 10 Hz 

0 100 200 300 400 500

50

100

150

200

250

300

 

 30 mol%

 40 mol%

 50 mol%

 

 

 

q
*
/
m
C
·
c
m

-
2

 0 mol%

 10 mol%

 20 mol%

a

0 100 200 300 400 500

0

20

40

60

80

 

Scan Rate/mV·s

-1

 30 mol%

 40 mol%

 50 mol%

 

 

 

C
h

a
r
g
e
 
L

o
s
s
,
 
η

/
%

 0 mol%

 10 m ol%

 20 m ol%

b



� 2�                                    �����Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

�	
�����                          �551� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 9  Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

�	���� q*
�� v→0�v→∞� q

total

�q

outer

�q

inner

� SnO

2

�� x
�� 

Fig.9  Extrapolation of integrated voltammetric charge q*, to ν→0 (a), ν→∞ (b) and the q

outer

, q

inner

, q

total

 of Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

 electrodes 

as a function of the SnO

2

 content (c) 

 

��������	
 q

inner

� SnO

2

�
�����

� 9c������Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

	�� q

total

�q

outer

�

q

inner

�� SnO

2

�
���� !"��#$%�&'�

() SnO

2

�
* 20 mol%+,-.�/�01* 290�

170 2 120 mC/cm

2

�34 SnO

2

�
* 20 mol%�

Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

	�56.��7	89:;� 

3  �  � 

1<� SnO

2

�
�=�>?@ABCDEFG

Mn

3

O

4

HIJ$K�DEFG SnO

2

HIJ�=� 

2<SnO

2

�=L�4MNO�P	�QR) 0~0.5 

V S��	TUV�(WX>?Y���Z[�\]

>?P���6^_�`abc� 

3<SnO

2

�=Lde	�QR�	7fg	h�

ij+�kl��mnopqr�	sUV�Ztu

?�Ti/ Mn

0.6

Sn

0.2

Ir

0.2

O

2

	�QR)CvpS(w10 Hz)

	sUV.%��H]xv�	7fg	h6�y\

)zp{|(}1 Hz)6~��	sUV�	�QR�

����Z[������.v��	s/� 

 

����    References  

[1] Pang S C, Anderson M A, Chapman T W. J Electrochem Soc[J], 

2000, 147(2): 444 

[2] Toupin M, Brousse T, Bélanger D. Chem Mater[J], 2002, 14(9): 

3946 

[3] Lee H Y, Goodenough J B. J Solid State Chem[J], 1999, 144(1): 

220 

[4] Babakhani B, Ivey D G. J Power Sources[J], 2010, 195(7): 

2110 

[5] Liang Z H, Wang R P, Fan C M. J Rare Earth[J], 2007, 25(S1): 

91  

[6] Hu C, Tsou T. Electrochem Commun[J], 2002, 4(2): 105 

[7] Messaoudi B, Joiret S, Keddam M et al. Electrochim Acta[J], 

2001, 46(16): 2487 

[8] Amade R, Jover E, Caglar B et al. J Power Sources[J], 2011, 

196(13): 5779 

[9] Song Xuchun(�� ), Yang E(! "), Zheng Yifan(#$%) 

et al. Chinese Journal of Inorganic Chemistry(&'())

*)[J], 2007, 23(5): 919 

[10] Roberts A J, Danil de Namor A F, Namor A F D et al. Phys 

5 10 15 20

0

10

20

30

40

a

�

�

 0 mol%      10 mol%

 20 mol%    30 mol%

 40 mol%    50 mol%

q
*

-
1

/
(
C
·
c
m

-
2

)

-
1

v

1/2

/(mV·s

-1

)

1/2

0.05 0.10 0.15 0.20 0.25

0.05

0.10

0.15

0.20

0.25

 0 mol%      10 mol%

 20 mol%    30 mol%

 40 mol%    50 mol%

�

�

q

*

/
C
·
c
m

-
2

v

-1/2

/(mV·s

-1

)

-1/2

b

0 10 20 30 40 50

0

50

100

150

200

250

300

�

 q

total

 q

outer

 q

inner

q
*
/
m
C
·
c
m

-
2

SnO

2

 Content/mol%

c



�552�                                          �������	
                                            � 47� 

Chem Chem Phys[J], 2013, 15(10): 3518 

[11] Benhaddad L, Bazin C, Makhloufi L et al. J Solid State 

Electrochem[J], 2014, 18(8): 2111 

[12] Bello A, Fashedemi O O, Fabiane M et al. Electrochim 

Acta[J], 2013, 114(30): 48 

[13] Li Beibei(��), Shao Yanqun(���), Zhu Junqiu(��

�) et al. Rare Metal Materials and Engineering(�����

��	
)[J], 2012, 41(11): 2041 

[14] Lou Changying(��� ), Zhu Junqiu(��� ), Shao 

Yanqun(���) et al. Journal of Chinese Society of Rare 

Earths(������)[J], 2014, 32(2): 205 

[15] Shao Y Q, Yi Z Y, He C et al. J Am Cera Soc[J], 2015, 98(5): 

1485 

[16] Grupioni A A F, Arashiro E, Lassali T A F. Electrochim 

Acta[J], 2002, 48(4): 407 

[17] Li Beibei(��), Shao Yanqun(���), Zhu Junqiu(��

�) et al. Journal of Material and Heat Treatment(����

���)[J], 2012(2): 17 

[18] He Chong(  !), Chen Zhijie("#$),Lin Deyuan(%&') 

et al. Rare Metal Materials and Engineering(������

�	
)[J], 2017, 46(9): 2589 

[19] Cheng J P, Zhang J, Liu F. RSC Adv[J], 2014, 4: 38893 

[20] Ma Tingting(())), You Jie(* $), Qing Guoyi(+�,) 

et al. Precious Metals(-��)[J], 2012, 33(1): 41 

[21] Chen Zhijie, Wang Yanhong, Shao Yanqun et al. J Alloy 

Compd[J], 2017, 712: 97 

[22] Ardizzone S, Fregonara G, Trasatti S. Electrochim Acta[J], 

1990, 35(1): 263 

 

Capacitive Properties of Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

 Electrodes 

 

Yi Zhaoyu

1

, Chen Zhijie

1

, Shao Yanqun

1

, Zhu Junqiu

2

, Tang Dian

1

 

(1. Fuzhou University, Fuzhou 350108, China) 

(2. Xiamen University of Technology, Xiamen 361024, China) 

 

Abstract: Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

 ternary oxide electrode materials were obtained by Pechini sol-gel method. The structure and 

electrochemical performance of Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

 electrodes

 

was investigated by scanning electron microscope (SEM), X-ray diffraction 

(XRD), cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS). The results show that with the content of SnO

2

 

increasing, affirmative structure of Mn

3

O

4

 phase in Ti/Mn

(0.8-x)

Sn

x

Ir

0.2

O

2

 electrodes oxide coating gradually decreases in amount, but 

affirmative structure of SnO

2

 phase increases in amount. Compared with the Mn-Ir-based binary oxides, the addition of SnO

2

 can 

significantly improve the current response of electrodes in the range of 0~0.5 V and enhance activity of manganese oxide, but suppress 

activity of iridium oxide. Impedance analysis indicates that the charge transfer resistance, the relaxation time constant and the capacity of 

different frequency response of electrode materials change after addition of SnO

2

. In contrast, the Ti/Mn

0.6

Sn

0.2

Ir

0.2

O

2

 electrode has better 

capacitance response and higher activity in the low frequency range (≤ 1 Hz), demonstrating the highest specific capacitance. 

Key words: MnO

2

; SnO

2

; specific capacitance; electrochemical impedance spectroscopy 
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