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Fig.1  Charge/discharge curves of nickel hydroxide electrodes 

doped with different heavy rare earth oxides: (a) 0.2 C at 

25 >, (b) 0.2 C at 60 >, (c) 1 C at 25 >, and (d) 1 C 

at 60 > 
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Table 1  Discharge efficiencies of nickel hydroxide electrodes 

doped with different heavy rare earth oxides at 

room/high temperatures 

Charge/ 

discharge 

condition 

No 

doping 

Y Er Tm Yb Lu 

25 >, 0.2 C 

/mA·h 

96.6 95.5 96.8 95.1 92.0 92.1 

60 >, 0. 2 C 

/mA·h 

72.3 78. 7 82.7 85.7 85.5 86.7 

η

0.2

(60 >) / 

% 

74.8 82.4 85.4 90.1 92.9 94.1 

25 > 1 C 

/mA·h 

80.7 79.4 79.7 78.3 78.8 77.6 

60 > 1 C 

/mA·h 

77.0 78.3 78.6 76.3 77.4 77.0 

η

1

(60 >)/% 95.4 98.6 98.6 97.4 98.2 99.2 
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Table 2  Discharge capacities of nickel hydroxide electrodes 

doped with different heavy rare earth oxides at 

various discharge rates (mA·h) 

Discharge 

capacity/C 

No 

doping 

Y Er Tm Yb Lu 

0.2 96.57 95.51 96.83 94.75 91.96 92.12 

1 81.20 80.10 79.70 75.50 76.10 75.20 

2 71.14 68.71 67.73 65.05 67.12 64.64 

3 62.80 57.98 56.71 55.82 58.67 51.84 

5 51.37 51.42 49.64 49.06 52.40 43.14 

10 26.25 24.70 23.51 24.10 24.05 21.51 
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Table 3  Middle discharge voltages of nickel hydroxide 

electrodes with different heavy rare earth oxides at 

various discharge rate 

Middle discharge voltages/V 

Discharge 

condition/C 

No 

doping 

Y Er Tm Yb Lu 

0.2(60 )�  1.2353 1.2332 1.2329 1.2272 1.2293 1.2336 

1(60 )�  1.2190 1.2112 1.2156 1.1922 1.2166 1.2108 

0.2 1.2368 1.2393 1.2375 1.2450 1.2486 1.2320 

1 1.2049 1.1978 1.2073 1.2180 1.2130 1.2014 

2 1.1758 1.1721 1.1794 1.1811 1.1809 1.1638 

3 1.1437 1.1475 1.1544 1.1540 1.1511 1.1395 

5 1.0703 1.0862 1.0902 1.0873 1.0811 1.0675 

10 1.0453 1.0419 1.0496 1.0485 1.0459 1.0414 
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Fig.2  Discharge efficiencies of nickel hydroxide electrodes 

doped with different heavy rare earth oxides at 1~10 C at 

room temperature 
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Fig.3  CV curves of nickel hydroxide electrodes doped with different heavy rare earth oxides at room temperature (0.5 mV/s) 
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Fig. 4  CV curves of nickel hydroxide electrodes doped with different heavy rare earth oxides at 60 >
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Table 4  CV data of nickel hydroxide electrodes with different  

heavy rare earth oxides  

Temperature/� Additive E

pa

/V E

o

/V E

pc

/V 

E

o

�E

pa 

/mV 

E

pa

�E

pc 

/mV 

No doping 0.522 0.595 0.312 73 210 
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2

O

3
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2
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Fig.5  Cycle life of the nickel electrode doped with different  

heavy rare earth oxides at 60 � 
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Effects of Heavy Rare Earth Element on High-Temperature Performance of  

Nickel-Hydroxide Electrodes 

 

Fang Qing, Xie Shouyun, Cheng Yan, Jian Xuyu, Zhu Lei, Yu Haijun 

(General Research Institute for Nonferrous Metals, Beijing 100088, China) 

 

Abstract: The effects of heavy rare earth oxide additives on the high temperature performance of nickel electrodes were investigated. It is 

found that the 1 C charge acceptance ability of the spherical Ni(OH)

2 

electrode with heavy rare earth oxide additive is improved; however, 

the heavy rare earth oxide as additive has negative effect on the high rate discharge performance at room temperature. The cyclic 

voltammetry (CV) results indicate that the heavy rare earth oxide as additive can increase the overpotential of oxygen evolution at high 

temperatures. The oxygen evolution reaction is effectively depressed and leads to the increase of charge efficiency of Ni(OH)

2 

electrode at 

high temperatures. Moreover, the reversibility of Ni(OH)

2 

electrode is also improved at high temperatures. 

Key words: Ni-H battery; nickel hydroxide electrode; heavy rare earth element; high temperature performance; overpotential of oxygen 

evolution 
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