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1 ~�
IrO2 (T�pu-qQNp6P`:��/p~lf�̂ `k:`w{$J:s�dY%��hlu��"� [1,2]�pH 
U.~t5W [3]�fld~`?-� [4] R=��'W~J8�^`5W [5,6]s+�℄z�q,U�^`℄z IrO2 (T�:~tYmU�C��p=0��G�C�IrO2 (T�:~t�^`℄zp'=G&�1UF%,�zÆp�T�'�[ IrO2 p u�:q{�IrO2 (T�:~tp-S""��w��^`℄zp'=G&13�q IrO2 (T�:~tG&���9U8`��	'8`��Yq= IrO2 (T�:~tp'=G&5?qk�R�

2 IrO2 s�n`�Sv��>?lp�P^`5WU-q�WH�:p IrO2 (T���WH� AB2 7G5 u�[uf�  p P42/mnm>�%�a0=0.459 nm�c0=0.296

nm�Z=2[7]��WH7`T�&G5�%) R+/R−e�b�u 0.732 R 0.414 ���� IrO2  u�:&�O2− ?�ga��p�s�Z�G5�%) Ir4+/O2−=0.522�Ir4+ p
�bU 6�yMu�qu>!&�� n 3 IrO2 "5p�W_�| : 2011-04-08iq�{ : G�0|_I(��~_*w�2008AA11A106
4/"�lp : �B�}1985 �AeSAI(�,4��7Y��"� : �xE–mail�panmu@whut.edu.cn

s ~&�Ir4+ yMf P=1/2�Ir4+yM�qu>!p[���qu>!p&5=`OEf�25�Ir4+�w�,f�25 1/2 /�f3��wq5p�qu>!�!�� Ir4+ :Epf�25�:&�a�Spf�25��3��p Ir4+ =E[p� �&5p
Ir4+t=E_�[p��qu
��QU` [IrO6]9F�EP2�PwP��` [IrO6] 9�'O�dY�[ u�:��8d�IrO2 [uIP7 [IrO2+δ] �:��) u�:p^`k:4"1id�P�?0��m��
3 IrO2 ℄d�MUkR HQ-"QNp�H`?:���IrO2 p�P^`k:�ZuP`B���Pd$& IrO2 p`?��:/uP`B�dY�-qQN�H`?:�p
IrO2 (T�:~tp""E� IrO2 (T�:~tG&℄zp*{�t�v��IrO2 (T�:~t""eU`*"���-�j��C�j3;zp���� IrO2 (T�:~tp""�qtO%U[02��/�:Bs���[qq`T�`?�'Bs�R-
 - �
�s�
3.1 �ZoX*"��p#}G&C6 LaMer R Dinegar[8]�ln,�i"2zo�\p""U[3	
p1O>EQIG�&Ykk�" Q���}H�u��h�Ch00�h.�&�O�!u��/u8Q���	I�8Q=`�gI�R���=j;zo ���hk-O�!u��1AI�!u00�h-Zh��+1i8E2 Q�kqpL5p���U'}p�dYRÆLb"2e4""0u[EQm4P��k=SpI��q�&�n [9] zo 



86 &D$Jw�\?� 32/86 &D$Jw�\?� 32/86 &D$Jw�\?� 32/�EQI�~p��k�)K.uY>p��IG�ym#I�I��h��q=�lo:L4�1�pzo �e�b*"�u 1a��Z��q,u�m��p Ostwald Z` [10] IG��YIG&�.zo p/+q�℄�Umnp"��}It`ezo p8QB�OC�j3I�pÆ�� Lp�1LbÆ���L5b�9�*"��U IrO2 (T�:~tp-S""���dY�IrO2 (T�:~tp""omU��pG&�Massot s [11] )UL�-
 - �
�RU~*"��""p IrO2 �:~t��%L�-
 -�
�""p IrO2 �:~t��lu	I//p�:~t��{):�vuU~z℄""p IrO2 �:~t�Ouattara s [12] w Fierro s [13] *"�e\i�!u"" IrO2 �:~tR~tP`�[ Ir"" IrO2 �:~t�9UG&�G&�%�S)��""p IrO2 �:~t�P�hwiP`�h1-q'gp^`k:��^`qHU'g��{):R^`k:�q�*"��""pRÆ-"qqpnT�dY�*"��℄*U IrO2 �:~t""p-S���
3.2 }��GYXQU*"��`���:Bs���[qq`T�`?�'Bs�R-
 - �
�sU� IrO2 (T�:~tp""&omUhl�Slavchevas [14,15]#Y�A�RP�sG5z�"�8l�`W��:Bs�""U-q
?�:p=��p IrOx-Pt-IrOx(T�:~t�tR
?  n�:p IrO2 �:~t�t�Wang s [16] U8l'}p��E8xuA�RP�jT�!&�� SiO2/Si(100) Dw5BsU/"+p IrO2 �:~t�t�Thanawala s [17]8liN�:B���CCiF/Nouw�CiF/Nou5""-q  n�:p IrO2 �:~t�t�# 300 �*THY��t+1�p u�:1`�

Klamklang s [18] 8l�[qq`T�`?�'Bs�""Ulu^Qqq�)�pK IrO2 �\:p SnO2 �:~t�G&+r�"" IrO2 �\:p>n5bz�U8E�� 300 ���D/:�D
12T�O2 w 1,5- d1��Eo\�I�pBsu�)
125�"" SnO2 �:k:="p>n5b9bU8E�� 380 ���D/:�D 15T�O2 wf_o�pBsu�) 1200�Kimura s [19] 8l�[qq`T�`?�'Bs�""Uw YSZ ~�$-qQN*��
 bp IrO2-YSZ ~t5W�Shimizus [20] 8l'}p""��� SiO2/Si ou5""

U-q{~:$p IrO2 �t~t��>v~<=
23 µΩ ∼90 µΩ�

Klink s [21] 8l-
 - �
�""U RhOx-

IrO2 �:~t��H+r8E��m 700 �Y��:~t�:1i��*`����:~t+q8EL%�u 150 nm ��~pE:L�:�QU{�`T� - E{�`T�-qP`e}~^`k:�RhOx-IrO2 �:~te-q[�p�P^`8��Chen s [22] 8l*�`1e`B�Cif��FRe\i�}W�""U-q1r%�:p IrO2(T�:~t��%*(T�:~t-qn�p�eR�Pp~^`k:�+n�:Bs�-q)Æ>0p,N���
IrO2 (T�:~tpG&d"QNpoR�j�:���:~t�Bs�twCou���TM1<���Bs<"Æ(�w�:Bs��Æ/s��0�t�=Som�[3p�0��[qq`T�`?�'Bs��""�:~t�q-qV�pn{�/E7',f/��t�:wCoup�TMN�Bs��UÆ�:�qk	v�jBsp<"RBsklp�!u�VeG�50�U�[qq`T�`?�'Bs/H�k`=S�[3+�Bs<"�hluoX#u""p-
 - �
�� IrO2 (T�:~t""�qpG&7Tu�3�
�eqh�[3>0�
4 IrO2 ℄d�MUk�Pf�vpu IrO2 (T�'=Pp{$J:�N�6P`�M���PI~�/uB��l?&�:C+�B�:
��hlue�5V�."oUQNp/H [23]�P`\(T�:pu�6=pq:0�Um4Vlu~��Pu �G&�%�|IP`\(T�:p+:�=`loj;u�P~�5Vhlp
IrO2 (T�:~t�
4.1 ��Oeh�^��tpu�[ Ti ?�~tI'=1-"l~8��dY��9�:�ou�[R~t/~�Z���m~PUz?l�i=" IrO2 �:~tU� Ti�[o�5�'[�X�p-q~^`k:p IrO2 �:�G&�%�� IrO2 ="&=0�[l~�R  n�$�q/xs/ IrO2 �:~tp�P^`k:�

Ye s [24] `e0iRe\i�}W�|I�7$8�""U Pt-IrO2 �:~t�G&�%�'}~Tz�"�Pt-IrO2�Pt:Ir=3:7��:~tp�P~`p�� 490.60 mA/cm2�Æ IrO2 �:~t�P~`p�sB 76%�� Zhang s [25] +*UU~pjT
Pt-IrO2 �:~t�P^`�:""���8l"3



2 � �A�t : IrO2 )U�;�uqH'�� 872 � �A�t : IrO2 )U�;�uqH'�� 872 � �A�t : IrO2 )U�;�uqH'�� 87Z'�""U Pt-Pt/IrO2 jT�:~t�G&�%�=��'W~J&�Pt-Pt/IrO2 jT�:p~t�P^`k:ÆU~ Pt-IrO2 �:~tp�P^`k:Æ�U 1.8 !�Ioroi s [26] U�% Pt-IrO2 
#-qQNp�P^`k:�� Pt-IrO2 & IrO2 KTm 10%∼30%+��$j;=��'W~Jp~�d"P=��
Yagi s [27] 8l~Bs�� ITO ~t+q""U  n IrO2 �:R Ir �:�G&�%� 1 mol/L

KNO3 ~�$-Z&�~t~T� 1.3 V I�ITO �  n IrO2 �:~tpNt~`Ugb ITO ~tp 660 !�U  n Ir ~tNt~`p 14 !�Wangs [28] � Ti ou+qBsUK  n SiO2 p�?
IrO2-SiO2 �:~t��%��P^`k:omUr$s/�
4.2 ��Oe�V�^��tP`��:p-�-O��hm�GwP`�:Rou�qÆ`t�E%,�UP`��:~tEkp-S}d�u IrO2 (T�:~t�K���i:�$&-qQNp~`?��:�k`>�~`?-�p=�:Æ.�dY�IrO2 Ekp-S}d=�U+q4"L5��	Nn"�hwk:�:Rou�qTÆ`tp�E��(T�:~t&�0��}m"2}�q/s/ IrO2 (T�:~tpOlXs� q�&�n [29∼31] ` Ta2O5�TiO2�SnO2 s���}m"2}p�|(T IrO2 �:OlXsÆi=" IrO2�:~tqr$s/���[3s/+:�:~tp��}�G&�[
?�:R�:82s�q�9UG&�Xin s [32] G&�%��"�:~t8E���q/x�"�:~tp
?8l�j38E��pB/��:~t+q[�Æe�+q L*e���P^`~t�:OlXs#ÆY	�8E�� 500 �I��:~tOlXs>�= 750 h�Qins [33] G&U�:~t82R�9���:~t:�pj)��H+r��9�� 70 �I� f�
200 m−1 p�2�:�:~t� 3 mol/L H2SO4 ~�$&R 10 A/cm2 ~`p�"��OlXs=`m 236 h��ouw�:�x�TVp&�:��q/xJgm<�ou+qP`�U+4~tOlXspq/���X�2s [34] �K TiN pCo+q""U IrO2-Ta2O5 �:~t��% TiN &�:p�0�� IrO2-Ta2O5 �:~t�`Xss/� 10 h�Chens [35] G&�%�� 35 �p 3 mol/L H2SO4 ~�$&�k~`p�� 1 A/cm2 I�K TiO2 &�:p Ti/IrOx-Sb2O5-SnO2 p�P^`Xs� 1600 h�

�'}z�"�Ti/IrOx p�P^`Xs�� 335 h�
Santana s [36] pG&�%`�[�$?��:~tp&�:U�s/�:~tpOlXs�lnG&U
Pt �&�:p Ti/[IrO2-Nb2O5] �u�)� 45:55��:~t��H+r Pt &�:p�0Oo Ti/[IrO2-

Nb2O5] �:~tpOlXsr$s/�
5 IrO2 ℄d�MUk�g�Pf�v

IrO2 -"ÆNp�P^`k:��k:�ZuP`B�%��hlu�P^`�h�� IrO2 e-qQNp{i$J:s�H`?:$�=`IY$5�ht'W~J&�P`i:d$p�\$J�dYUg�U'W~JG&�p6#�
Takasu s [37] ` RuCl3�IrCl3�MoCl5�VOCl3R C4H9O-[Ti(OC4H9)2O]4-C4H9O �}W�8l�7$8�""U RuO2/Ti�IrO2/Ti R Ir1−xMx�MÆRu�Mo�W�V�O2/Ti�G&�% IrO2/Ti pPe}�P~D/u RuO2/Ti�/ 0.84 V�vs RHE��}Ie�%|I�l�[=��q,U Vp=���q/xs/ IrO2/Ti pPe}�P~D�=0 V omp Ir1−xVxO2/Ti��Pe}�P~D/ 0.90 V

(vs RHE)�UÆ=� IrO2/Ti p 1.07 !�Yoshinagas [38] 8l���RF`?�""U IrO2/TiR IrO2:L�G&�%���""p IrO2/Ti-qÆF`?�""p IrO2 :L4NpPe}k:�# 400 �*THp IrO2/Ti-q>NpPe}k:��Pe}�P~D� 0.84 V�vs RHE��lnpG&e�%*TH�� IrO2/Ti pPe}k:1i�Er$pj)�
Changs [39]` IrCl3·nH2OR-V�}W�8lF�`?""U IrO2/C�G&�% IrO2/C � 0.1

mol/L HClO4 ~�$&-qQNp~`?��:��~`p�� 20 µA/cm2 I�IrO2/C pPe}�P~D/ 0.6 V�vs Ag/AgCl��nu5` Ti/IrO2 pPe}�P~D�lnpG&e�%` IrO2/C ��T� 0.07 mg/cm2��et^`}pi~J4~Dm 0.87 V�vs RHE����~`p�� 68.5 mA/cm2I�i~J~D� 0.29 V�vs RHE��>e�Tp�� 20 mW/cm2�Chang s [40] eG&U Ti/IrO2 pPe}�%��%�:~�$& Ti/IrO2 p^`�%`S~5^`�-��Pe}>�U H2O2��/Kd` IrO2 nuvd` IrO2 pPe}k:�=u IrO2 (T�:~tpPe}^`k:�v�pG&�U[Pe}�P~Dp��8d�G&�% IrO2 w�(T�-q[�Pe}^`k:�j�Pe}^`k:e��vu0w�T�^`}��� IrO2 w�(T�~t?�etPe}^`}hl
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RESEARCH PROGRESS OF IRIDIUM OXIDE COMPOSITES

ELECTRODES

WANG Guangjin, PAN Mu

State Key Laboratory of Advanced Technology for Materials Synthesis and Processing, Hubei Provincial Key

Laboratory of Fuel Cell, Wuhan University of Technology, Wuhan 430070

Abstract: Iridium oxide composites are widely used in the oxygen evolution reaction and oxygen reduction re-

action catalysis fields because of their excellent anti-corrosion, oxidation-resistant and superior electrochemistry

performances. In this paper, the crystal structure of iridium oxide, the preparation methods for its composites

and the relative research progress in oxygen evolution reaction and oxygen reduction reaction catalysis fields in

recent years were reviewed.
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