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Abstract For the recovering rare earths in the spent nickel-metal hydride batteries, 10 M NaOH is added to the solution
leached with sulfuric acid. The rare earth powders were precipitated at rate of 98 % at the condition of pH 2.0 or less.
The recovered rare earth complex precipitate increased the leaching rate to nitric acid by heat treatment at 800°C for
4 hours. Subsequently secondary precipitation was performed by adding oxalic acid to the solution in which the rare earth
complex precipitate was dissolved. The re-precipitated rare earth powders were converted into oxide form through heat
treatment at 800°C for 4 hours with purity of 99.5 %.
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Table 2
Details of components for spent NiMH batteries (1 EA)

Components Weight (g) Proportion (%)
Poly cap 0.15 0.3
Iron case 11.86 20.6
Separator 3.49 6.1
Electrode powder 42.12 73.1
Ni 19.63 46.6
Elements Co 291 6.9
Rare earth elements  4.63 11.0
etc. 14.95 355
Total 57.62 100
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Fig. 1. Experimental procedure for the recovery of rare earth
oxide.
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Table 3
Results of solution after rare earth precipitation
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Fig. 2. XRD patterns of the rare earth precipitates.
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Element Zn Fe Ni Co La Nd Ce K Mn Al

Initial solution 316 131 10,641 1,986 1,460 855 966 478 842 310
pH=0.78 316 131 10,641 1,986 50 108 26 347 819 310
pH=0.97 312 122 10,641 1,986 37 43 16 326 828 310
pH=1.6 306 111 10,599 1,986 18 21 3 309 819 310
pH=2.1 301 98 9,953 1,986 15 20 3 312 800 310
pH=2.6 279 78 9,078 1,934 15 20 3 294 742 291
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?ileO;position and concentration of the rare earth powders precipitated from leaching solution {NaRE(SO,), - H,O}
Element La Ce Nd Zn Na K
Contents [mg/kg] 102,120 130,614 52,017 84,092 114,574 12,695
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Fig. 3. XRD patterns of rare earth precipitate after heat treatment.
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Table 5
The leaching results of rare earth complex precipitates using various leaching solution
HCI HNO;, H,SO, NaOH
Content Leaching rate Content Leaching rate Content Leaching rate Content Leaching rate
[mg/kg]  [%] [mg/kg]  [%] [mg/kg]  [%] [mg/kg]  [%]
La 1,890 33 2,565 45 0 0 0 0
Ce 1,675 37 2,525 56 0 0 0 0
Nd 1,100 47 1,590 68 0 0 0 0
Table 6
The results of powder analysis after heat treatment
Element La Ce Nd Zn Na K
Contents [mg/kg] 118,291 174,419 64,401 5,796 59,928 8,855
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Table 7
The leaching results of rare earth complex precipitates using various leaching solution after heat treatment
HCI HNO, H,SO, NaOH
Content Leaching rate Content Leaching rate Content Leaching rate Content Leaching rate
[mg/kg]  [%] [mg/kg]  [%] [mg/kg]  [%] [mg/kg]  [%]
La 2,577 45 5,700 100 0 0 0 0
Ce 2,128 47 4,510 100 0 0 0 0
Nd 1,311 56 2,338 100 0 0 0 0

Table 8

Analysis results of precipitates by oxalic acid before and after heat treatment

Concentration [mg/kg]

Element La Ce Nd Zn Na K
Before heat treatment 154,873 240,086 93,637 0 823 599
After heat treatment 254,727 378,649 148,935 0 1,308 1,762
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Fig. 4. XRD patterns of rare earth oxide.
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