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Abstract—- Adding of rare earth elements such as Ho.Os, Sm,O., Er.0. Y.0. Nd:O. and La.O., on the RuO.-SnO;-IrO./
Ti mixed oxide electrode enhanced the durability of this mixed oxide electrode, respectively. In every case of the addition of
various rare earth element, durability was enhanced and oxygen evolution overvoltage was decreased in order of Ho,0,>Sm.-
0.>Er.0.>Y.0.>Nd,0.>La.0.. When 1wt% of Ho,O. oxide was doped especially. the oxygen evolution overvoltage of
that electrode become lower than that of the mixed oxide electrode itself.

Kev words : Mixed Oxide Electrode, Rare Earth Elements. Overvoltage

LA B Wapurh e Abashd’ist WAl gde] Sohe stelshdel. ce]
v Al *dfs 3ol 488 ela s Bot o WA Aol tjgh a4
Hafyade]l agal %”é}."d-—.‘i— e siAdwlofo} & a7 7} Al aladslofo}l te, X AT oleirh ode J dEhen 71E
AL o Fel A s 2 s e el & oll kg Zd—:%)ét} W Ado] -7k A2 QRS HHos Be
8] 7hak vdebareld o w2 g dalofoale] dalgaial A 2 4y FUaE Hriste] ol9] FEEAS ZARlaA EWL} B el
e g A dete] B0 WAlAd S 7hal qbA A el 5] ApRged ’4 At A sl eilae] A “{’_— S| el ane] afd =t Bk
e Aelg #ea vk Fasich ol2gh A fellAl - sHA FalE)e] elolA] o] 4fdllwme] Hapie} o #izt2] 7Foll
epstwhdstnl o lAY S 2 HENE FHoR Axn A 2} 2p7|, gah, g, do] R °3§}i¥ ol WAdel watdtel glut. &
“+o] 4:9] DSA(Dimensionally Stable Anode) #3ro]c}. o] DSA d 71xle) 4 o Aefuloll ko) BlE R AR Holelle AU
=& T2 RuO. IO Co0, 5[5)8] d5Absheoe] 72 o[ 8 A2 4= glon g de) A5 apAlE 4 gl viwk A}
gl ok WAl A W k7) ¢lal Ta.O4[6], TiO(7.8]. MnO.[9.10] 55 2 ubodlg el s W AJ A 3ke] Zot Sl Zabrl qlis 7
AoHk ol #Ale] FghabshE ol Aekxo] el gl e A3 S SAAE S ods Ao 7idiE ] wie]eh{13).
v o)A Egbabsh glare) deAfe] Wolznz Hitel= o upeha] B od-fel| 1= RuO-rO-SnO/TiAl E8H4tstE A5l Hor
ol A b Az anal A Al Ehadsbd Al aed 0.. Sm,0,, Er.0,. Y.0. Nd.O,, La.O, 5§ ofe] 74#| 3|8 Fiﬂﬂ
o] 2. RuQ.-Ti0.-Sn0, 7] Lol H|atx] v} ohlch]l] 2 2} o) B8 vlak Ar)ste] dFe] 7)51ekA A wsle) 845} &7
vl Ay [12]ell 4] RuO-Ir0,Tig] o] A A =el SnO5 H7Ha 4 71AIR - shaba] BAde] woell wbE Ad=tel Wi Ale) Po—*é
gar sababsbi A=g jurel ap ol 2 At v]E2] DSA & Fabslsich

168




RuO.-SnO.-IrQ, /TiAl E3}Als}2

24

21LA B

B Aol E3abshE Al xA) 241838 AJekg) RuCl, HO 9 Ir-
CL2t SnCL xH.O%: Alf8 SF Ajekolu], Hrpale 2143 3|85
=4 A Ho.0,, Sm.O., Er0,. Y.0,, Nd.O,, La.0, 5& 2% 4

X 99% olade] B Alekg Algslgir) wak Aal g o 7 )4

ol 743t 15 99 %2] F4: titanium meshS- A}8-3}%dch.

22 M3 M W HOEEN EM A

A A x93, dxz] za W 147]35}414 ‘=*g:h,j
At dufi)el Fdspel ghx) v
¥ o] IeH ‘*“—;:E’ 5M H(loil &s}] A]a:; og;*:};;-e% ‘Sge}]f,i

R o1z ol S ala o) sl 2]

T

K ]
WAl FE ol Qlct

3-1. S|ERAMSEC| FR W2 ¥E
3-1-1 AR e 54
Fig. 12 25°C, I M H;SO, -4 rhofgt £520] 3| g5 a4t
%ol 217kx] "] Tafel plote|v}. Fig. 1o vFelul #lzjad AF s
P SRS Twt%e] Ho,00F H7He E3habstd daro] 7h o
FHAES vebw o v], Sm.O.. Er0. Y.0, Nd,O.. La,0.2] =4
Hp LL_)L‘_"ﬂ u}_ 7 71 rJ rdl 1Lo} ;\LJ;% L}E;LH S ol_Q_.FL
W SIERRI AT Hobehr] 942 A pchs HoO & Y0}
R dslohais ch S AU s 2 w1200
] RuO-IrfQ,/Ti 5] 7] Fel] DSA HFWrhis Lbo Abupa
& Uehine DSA el 71 Txﬂﬂ E= A e &
s 7% 4= qlepud Al Hsf e AxHo g zgo] st
th. Table 13} 23= Fig. 1o)4] Butler-Volmer2lel] 2jal] ne} In i
1 FHAE chebd Tafel 218 Saf Al4bE] et ¢ e d Ay
olvh. Table lo]4] Ho.O.% H7}gh 72 HolA5> a7} 714 =27

LlelLly 9low 5 Avig 4 S Ho. XoN

2 r‘,o m“ ‘“"
AN

e
o=

N
|4_‘

n

T

»...,,

}
kil

r?L' 2

Jw
o

=
Xl
}. o

{
.]
il
!

v
s mlm rj:‘. oX

x

N

A

Loti= oda] 7br) B v

bElEaT Woksha e Aok o 22 848 ehy
a1 glew]. Table 201 fMoLo Habgh Aabehe e xsl S o
L e A ) s T
1.24 7
S
7z
X LIt 4
S 1.18
o
2 112t
z (70/20/10 mol%) RuO:-Sn0z-1r0,
z 0 1wt EnO: @ 1wt N0,
= A 1wt SmO; A ¢ Iwtds La,O.
1061 O iwess HuO: B : 1wk v,0,
--- ! no addition
<
1.00 L liu NPT | i i
0 1 2 3 4 5

Current density, log j ( pA/em™

Fig. 1. Tafel's plot of mixed oxide electrode doped various rare
earth oxide in 1 M H,SQ, solution at 25 °C.
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Table 1. Experimental kinetic parameters for the oxygen evolution
reaction on mixed oxide electrode doped various rare
earth oxide 1 M H,SO, solution at 25°C

Anodic material L/mA-
- a’Vv bV o T
Dopant mole%  Metal oxide cm
Er.0; 70/20/10  RuO.-SnO.-1rO. 00273 0.0372 0.6902 (.48
Sm,0. 7020010 RuQ--SnO.-1rQ. 0.0104 0.0292 0.8793 0.70
Ho.0, 70/20/10 RuO.-SnO-IrQ.  0.0025 0.0239 1.0743 0.90
Nd.O. 7020010 RuO~SnO-IrO. 0.1490 03340 (0.0768 0.6
La.O. 70/20/10  RuO.-SnO--1rQ. 019217 0.2678 0.0958 (.03
Y.0, 7020/10° RuO-SnO-1r0- (L1664 (L0754 03405 011
no addition 70:20/10 RuO.-SnO-1rO.  0.007  0.023  1.040 (.750

where o Experimental transfer coefficient. i: Exchange current density.

Table 2. Oxygen overvoltage on mixed oxide electrode doped vari-
ous rare earth oxide in 1 M H,80,

Anodic material Overvoltage(V)

, o T mA- 1O mA 100 mA -
Dopant maolefs Metal oxide s . s
cm cm cm
Er.O. 7020410 RuO-SnO-IrO.  0.027  0.113 (.19%
Sm.0. 70/20/10 RuO-SnO.TrO,  0.010 0,078 0,145
Ho.0, 70:.20010 - RuQ.-SnO,-IrO. (1.003 0.057 0113
Nd.O, 70/20:10  RuQ.-SnQ--1r0), ).149 0.216 1.282
La.0, 70/20/10  RuQ.-SnO.-1r(), (0.921 1.538 2154
Y,0, 70/20/100  RuO.-SnO.--IrO. 0.075 ).458 0.842

no addition 70,2010 RuO.-SnO.-1r0. 0.007 0.064 0121
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Fig. 2. Anodic polarization curves on mixed oxide electrode doped
various rare earth oxide in 1 M H,SO, solution at 25 °C.
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Fig. 3. Time variation of anodic polarization at 50 mA/cm’ on mix-
ed oxide electrode doped various rare earth oxide in 0.5M
ZnSQ, at room temperature.
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Fig. 4. Optical micrographs of the mixed oxide electrode doped vari-
ous rare earth oxide.
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Fig. 5. Tafel's plot of mixed oxide electrode doped Ho,0, of yarious
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Table 3. Experimental kinetic parameters for the oxygen evolution
reaction on mixed oxide electrode doped Ho,0, of various
weight ratio in 1 M H,SO, solution at 25 °C

Weight ¢ Y b/V o i/mA-cm °
(.5 1.0066 0.0938 0.6775 (.84
1 (L0025 0.0239 1.0743 (.90
2 0.4820 (.8760 0.1498 0.06
3 1.3510 2030 0.0693 0.03

where o Experimental transfer coefficient, i,: Exchange current density.

Table 4. Oxygen overvoltage on mixed oxide electrode doped Ho,0,
of various weight ratio in 1M H,S0,

QOvervoltage(V)

Weight - - - S
ImA-cm -~ 10mA-cm - 100 mA -cm -

.5 (.007 0.094 0.181

1 (1003 0.057 113

2 0.482 0.876 1.271

3 1.351 2.203 3.056
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Fig. 7. Time variation of anodic polarization at 50 mA/cm’ on mix-
ed oxide electrode doped Ho,O, of various weight ratio in 0.5
M ZnSO, at room temperature.
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