
� 49�    � 5�                              ��������	                                     Vol.49,   No.5 

2020�      5�                     RARE METAL MATERIALS AND ENGINEERING                          May    2020 

 

�����2019-05-19 

���	����	
��
�51804150�; ��������	
�� Lzjtu
201606�������������
17JR5RA088� 


��
�������1994���������������� !"#�$�%& �� 730070�E-mail: 1754047142@qq.com 

 

�� Ir-Si-Ce ������	
���
���� 

 

���

1,2

��  �

1,2

���	

1,2

�
  �

1,2

��
�

1,2 

 

(1. ��������� �� 730070) 

(2. ������ !"#$%&'()*+,��� �� 730070) 

 

�  ��'()*+,-. Ti/IrO

2

-SiO

2

/ Ti/IrO

2

-SiO

2

-CeO

2

01234567'( SEM*89:;< CeO

2

=>?6

@ABCDEFG3�'(H�IJKL/8263KLM�- Ir-Si-Ce?6��- Ir-Si?6/NO?6�Ir-Ta-SnP

Ir-RuPIr-TaPIr-Sn�QR*89:7'(STUV?WX,YZ3[\]^_`[�ab�-?6�NO?6c?dP

ef/gZheij7kl@mn;opq Cerstuv?6@AwxyPz�{|h@AXPuv{?}3|h~

�:t Ir-SiPIr-RuPIr-SnPIr-TaPIr-Ta-Sn?6�Ir-Si-Ce?682?���P?}3|h�v~?WX_`[��^�

�:t{�?6�Ir-Si-Ce?6c?d/ef��PgZhe���Z����v� 97.5%7 

����Ti/IrO

2

-SiO

2

-CeO

2

~82?�~?}3~Z���� 

�������TG178.2        ������A        �����1002-185X(2020)05-1722-07 

 

��������	
��
���������

�����
����� !"#$%&'()*+,

-./0�������
123456���
78

34	9:;�<=>
4?@ABCD>��E
F

GH��IJA/0KL

[1,2]

!M%&'()NOPQ�

RRSLTUVWXV
YZ[\=>]^�<!_`

[\abAcd*e
34fgcd,-h>
i�:

;�<=>jk
[\ab*l�m�
3	9_`n

*opk
*q9rpstuvjk
[\abwx�


3yz*\{#|}
k
~�9-
����cd*

e`p*l�m�
pwx�JA[\ab�����

��A����

[3-5]

! 

DSA[\F����d�E�IrO

2

pRuO

2

����

�����;�A*\

[6]

!DSA[\�	��wxp|

}zp*��m�
���
��� ¡-#¢�£¤

¥pab¦§p�*+p��/0�¨©

[7,8]

!DSA [

\*l��uª«¬9-p­�l�9-®x
«¬9

-¯*\°±B²	³
­�l�9-¯*\°±´µ

¶�	³

[9,10]

!��·¸Q¹ºd�E´µ¶W»°±

B²AKCk
*\*l�m�»wx�!¼d�½

�SiO

2

��	SxB¾¿
À�wx�
pWÁ�J


·Â#�¹Ã��ÄÅ*\l�m�»wx�

[11]

!J. J. 

Zhang

[12]

�"#�W+L;Æ�� IrO

2

-SiO

2

�Ir-Si�Ç

Èd�E*\
Wc�É
ÊË SiO

2

34k
 IrO

2

*\

*l�m�»wx�
yz*\{#|}!Ce�	Ì


Ad�ÍÎ*e
�d�E[\´µÏÊË CeO

2

3_

`cd*e
k
cd,-�OER�*l�m�

[13-15]

! 

ª¢ÐË SiO

2

pCeO

2

Ñ	Ò¢k
*\wx�»*

l�m�p_`cd*e
��ÓÔhÕ;Æ�� IrSiCe

*\AÖ³×Ø
ÙÚÛ"#�W+L;Æ Ti/IrO

2

- 

SiO

2

-CeO

2

ÇÈd�E[\!"#ÜÝ*&Þßà(SEM)

Wc�áÐË CeO

2

�â*\°±BãAº�
"#ä

�åæ(CV)çè»cd\�çè�é; Ir-Si-Ce *\¯

é; Ir-Si*\»êë*\�Ir-Ta-SnpIr-RupIr-TapIr-Sn�

gìWc�á!���í�
"# Ir-Si-Ce *\*îï

ð
ñ¯ Ir-Si*\4»êë*\gì�á
ò�1ó[

\abn*opuv»�<ôõrAº�!4����

ö�"#$%&'()*+,-./0������

��	�÷øù! 

��������

����������

�ú@ûpü½@ýþ»�Ä@�¢S�ý�¯�

����ïá 1:1�A�È��Ï
��/0 30 min�

´	��
́ 	��Ï
%&��� 0.2 mol/L
Ir-Si-Ce 


�á� 0.5(1-x): 0.5(1-x): x
ÀÏ x=0%
7.5%! 

�� 1 mmA¤¥������ 50 mm�10 mm�

�
#���360#p600#�������4����°



� 5�                              ����n�� Ir-Si-Ce01?6-./�?WX[^F�(                      �1723�  

± �µ
�%&�!"!� NaOH���#^W$�

10%�%�&����ïá 1:1��È
���'ËÀÏ


£! 1 h �80 (�!D)���#�%&�!"
*¢

+@��(#^W$ 10%)Ïß, 2 h, �À-.�/±

0
��/0 10 min
1/0Q23�!�1/0âA

����´4´	�
´	Q25^Ñ6
���*¢

78�90 (�Ï9: 10 min
D*¢;<=�450 (�

Ï>? 10 min
@ÉâAB�CD!´4p9:p>?

Q2�Ç 8 )
EâG)*¢;<=Ï>? 1 h
;�

Ti/IrO

2

-SiO

2

pTi/IrO

2

-SiO

2

-CeO

2

ÇÈd�E[\! 

�������	
��
���

"#FGHIJI Zeiss Ultra PlusKhLÜÝ*

à�SEM�Wc´µ°±Bã!"#MNO.	PJ

I Aztec X-80uQO�EDS�gìuQWc!"#*

��¤RS�TUV¸ AUTOLAB-PGSTAT128NW�

gì*���uXY
XYD��(25±1) (
cd�

��Å� 0.5 mol/L H

2

SO

4

��
"#Z[A\*\�

Å]é;*\p̂ _Aêë*\`¤R*\
ab�2 cm 

×2 cm�`�*\
cd*\`eá*\!CVçèÜ

Ýfr� 20 mV/s
ÜÝgh� 0.2~1.1 Vjcd\�

çèÜÝgh� 0.37~1.5 V, ÜÝfr� 10 mV/s! 

��������������

*îï56ðÚÛ�é;%&'(),-.Ïg

ì

[16,17]


"#1ij�R�k\
Wl"#é; Ir-Sip

Ir-Si-Ce*\»êë�Ir-Ta-SnpIr-RupIr-TapIr-Sn�

*\R�[\!\���� 9 cm×15 cm
%&'()

	9��� 8 cm×13 cm![\C��� H

2

SO

4

 (#^

W$ 1%)
ÏiC��� HCl (#^W$ 0.5%)
k\

C��� CoCl

2

 (ð%&��� 75~80 g/L)! 

*q9rγF*îïðmvA*q¯
*qAá

r
noJC�] 

100%

pmnF

MjSt

γ = ×

                      (1) 

ÀÏ , γp°*q9r�%�jp p°ð���%�


p=99.9%jm/tp°*+qi t­ðrÊA#^�g�jn

p° Co

+2

*&$
n=2jF p°Lst·$jM p°

��ðA
�#^�g/mol�jj p°
°u*qv�

�A/m

2

�jSp°k\	9°±ï�m

2

�! 

n*oF*+nÏ[\¯Öwk\XiA*o

_
noJC�] 

a c

=U IRϕ ϕ− +

∑

                          (2) 

ÀÏ
Up°n*o�V�jϕ

a

p°cd*e�V�jϕ

c

p°cð*e�V�jΣIRp°
xy*zo_�V�! 

�56 1 t ð{mvA�q*u|�*îïuv

E
noJC�] 

3 .6

U n F

E

Mγ

=

                            (3) 

�$%&'()L*ï=�^m

y

¯S})*ï=

�^ m

n

Aá~|��<ôõrδ! 

y y A

n n

100%

m m N

m jStM

δ = = ×

                   (4) 

ÀÏ
δp°�<ôõ�%�jN

A

p°�å�F�·$


N

A

=6.02×10

23

jm

y

/tp°*+qi t­=�^�g�jM

n

p°�<A
�#^�g/mol�jjp°
°u*qv�

�A/m

2

�jSp°k\	9°±ï�m

2

�! 

���������

�����	������

� 1 Þ��é;�� Ir-SipIr-Si-Ce *\A SEM

�b!34�É
�*\°±Ñª��%���©¶

�
��F�W+L;Æd�E[\A�WBã��


À°±ÑÉÕ��A�c!Ò# EDS���gì��

�^Xx
XY�©�� 1dÏKB�©
XY¾ö�

� 2p° 1{�]��]^ TipSipCe��
�3u

Fª¢������

u XLè�P��UT´µ

�����°±YZAj���^ IrpO ��
��

�XcÉ��� IrO

2

!IrO

2

��A�c�� ´µ°

±��A¾¿
�*l�m�=>1Ò¡¢!_` IrO

2

�c�34k
m��e$^
fg��­£*+#

#&A¤Á
k
m�E#AÒ#r!Öá¢ Ir-Si

*\
Ir-Si-Ce*\°±����¥�
$^¥]!�

��¦§¨ Ce�	:;��¾�AR#
Ir-Si-Ce*

\*l�m�¥J!Ir-Si-Ce*\°±¥��©
ª«

�p¬­�¥�
	�K±AÎ�](1) Öá¢ Ir-Si

*\
Ir-Si-Ce*\°±����¥�p$^¥®8W

¯¥�Ñ6j(2) Ir-Si-Ce*\°±ÉÕ�^Ñ6W¯

A��Ì�A°±
r��ª«�!¥�¬­A°±

34k²¥�Am�°±ï
g7k
*l�m�


��³�
�� Ir-Si-Ce*\*l�m��¢�� Ir-Si

*\! 

�������� !"���

� 3Þ��� Ir-SipIr-Si-CepIr-RupIr-SnpIr-Tap

Ir-Ta-Sn*\Aä�åæ�CV�çè
´çè�µ�Ñ

¶J
°·´*\3¸�¶J!Ir-Si-Ce*\� 0.3~0.8
 

0.4~0.7 V /u¹Ud�ºpÍÎº
 Ir-Si *\�

0.2~0.7
0.5~0.8 V/u¹Ud�ºpÍÎº
»· Ir-Sip

Ir-Si-Ce*\¼*u½¾
� Ir-RupIr-SnpIr-TapIr-Ta-Sn

*\ CVçèÏÔu¹U·ÞAd�ÍÎº! 



�1724�                                       �������	
                                              � 49� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


 1  Ir-Si�Ir-Si-Ce����������� SEM�� 

Fig.1  SEM images of Ir-Si (a, c) and Ir-Si-Ce (b, d) electrodes at different magnifications 
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Fig.2  EDS spectrum of particles on the surface of the  

electrode 
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Table 1  Element distribution of EDS spectrum 

Element ω/% ω/% Sigma 

O 11.28 0.31 

Si 0.71 0.11 

Ti 18.38 1.64 

Ce 0.00 0.00 

Ir 69.62 1.44 

Total 100.00  
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Fig.3  Cyclic voltammetry curves of different anodes (vs SCE) 
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Fig.4  Voltammetric charge with different anodes 
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Fig.5  Oxygen evolution polarization curves of different anodes 

(vs SCE) 
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Table 2  Potential at the inflection point and slope after the 

inflection point of oxygen evolution polarization 

curves with different anodes 

Material Ir-Si-Ce Ir-Si Ir-Ta-Sn Ir-Ru Ir-Ta Ir-Sn 

Potential/V 1.267 1.228 1.266 1.342 1.342 1.427 

Slope 0.737 0.681 0.319 0.355 0.281 0.145 
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Fig.6  Effect of different anodes on polarization potential under 

the same current density (vs SCE) 
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Fig.7  Normalization curves of oxygen evolution current of 

different anodes 
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Table 3  Potential at the inflection point and slope after the 

inflection point of normalization curves of oxygen 

evolution current with different anodes 

Material Ir-Si-Ce Ir-Si Ir-Ta-Sn Ir-Ru Ir-Ta Ir-Sn 

Potential/V 1.201 1.228 1.294 1.333 1.330 1.418 

Slope 0.004 0.010 0.004 0.218 0.018 0.007 
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Fig.8  Cell voltage of different anode materials as a function of 

electrolysis time 
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Fig.9  Power consumption of different anode materials as a 

function of current density 
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Fig.10  Comparison of alkali consumption, chlorine production 

and chlorine reduction rate of different anode materials 
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Abstract: The Ti/IrO

2

-SiO

2

 and Ti/IrO

2

-SiO

2

-CeO

2

 composite oxide anodes were prepared by thermal decomposition method. The 

apparent morphology of the electrode was characterized by SEM. The cyclic voltammetry curve and oxygen evolution polarization curve 
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were used to characterize the electrocatalytic performance of self-made electrodes and commercial electrode (Ir-Ru, Ir-Sn, Ir-Ta, Ir-Ta-Sn). 

The cobalt was recovered from the cobalt chloride solution by a double-membrane three-compartment electrolytic reactor. The advantages 

and disadvantages of cell voltage, power consumption and chlorine inhibition performance of self-made electrodes and commercial 

electrodes were discussed. The results show that the doping of rare earth Ce is beneficial to the improvement of surface roughness, active 

surface area and electrocatalytic activity of the electrode. Compared with Ir-Si, Ir-Ru, Ir-Sn, Ir-Ta and Ir-Ta-Sn electrodes, the Ir-Si-Ce 

electrode has the lowest oxygen evolution potential and the highest electrocatalytic activity. In the experiment of recovering cobalt by the 

electrodeposition method, the Ir-Si-Ce electrode cell has the lowest voltage and energy consumption and the best chlorine inhibition 

performance compared with other electrodes. The chlorine reduction rate of it is as high as 97.5%.  

Key words: Ti/IrO

2

-SiO

2

-CeO

2

; oxygen evolution potential; electrocatalysis; chlorine gas reduction rate 
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