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Abstract : In this paper, the recycling of waste Ni-MH battery by-products for electric vehicle is studied. Although rare earths
elements still exist in waste Ni-MH battery by-products, they are not valuable as materials in the form of by-products (such as an
insoluble substance). This study investigates the recovering of rare earth oxide for solvent extraction A/O ratio, substitution
reaction, and reaction temperature, and scrubbing of the rare earth elements for high purity separation. The by-product (in the
form of rare earth elements insoluble powder) is converted into hydroxide form using 30% sodium hydroxide solution. The
remaining impurities are purified using the difference in solubility of oxalic acid. Subsequently, Yttrium is isolated by means of
D2EHPA (Di-[2-ethylhexyl] phosphoric acid). After cerium is separated using potassium permanganate, lanthanum and
neodymium are separated using PC88A (2-ethylhexylphosphonic acid mono-2-ethylhexyl ester) and it is calcinated at a
temperature of 800 C. As a result of the physical and chemical measurement of the calcined lanthanum and neodymium powder,
it is confirmed that the powder is a microsized porous powder in an oxide form of 99.9% or more. Rare earth oxides are recovered
from Ni-MH battery by-products through two solvent extraction processes and one oxidation process. This study has regenerated
lanthanum and neodymium oxide as a useful material.
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Table 1. The typical composition of waste battery waste

Element Unit Content Weight

Ni % 36.22 20.87

Co % 5.11 2.95

F % 22.45 12.94

Mn % 1.96 1.13

Al % 0.9 0.51
Rare-earth % 8.19 4.72
Etc % 25.07 14.49

Total 100 57.62
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Figure 1. Experimental procedure for prepare of rare earth oxides
from waste Ni-MH batteries.
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Table 2. The composition of rare earth by-products before and after separation process

. Metal Reduction .
Element Unit Waste Convert_ed a SolYent extratcion sedimentation by _Oxidation Solv§nt extratcion
by-products hydroxide (using D2EHPA) Oxalic acid (using KMnO) (using PC88A)
La 131,725 131,725 129,261 129,261 126,824 124,454
Ce 170,942 170,942 160,028 160,028 N.D N.D
Y 1,360 1,360 N.D N.D N.D N.D
Nd M 73,731 73,731 72,890 72,890 70,667 N.D
co | ™t 584 584 584 N.D N.D N.D
Ni 723 723 723 N.D N.D N.D
Na 4,823 18,390 18,390 N.D N.D N.D
Etc 100 100 100 N.D N.D N.D
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Figure 2. (a) Variation of rare earth elements concentration when
D2EHPA extraction solvents with pH change, (b)
Change of rare earth metal ion concentration in solution
according to D2EHPA solvent extraction stage.

3 Ce(OH); + KMnO; + 2 H,0 =3 Ce(OH); + KOH + MnO; (2)
N32CO3 + Hzo = COz +2 NaOH (3)

A 24& 27] Yoto] FP7H2RA HEET S EE
o] FYFE HIA7IAA AlES] JAES BIslH Figure
3(a)Z JEF &L Ho| 7 RA Z4F 9 SHERS)
FdF Biglo] 2 JER JA Aoty YT RA Z
FI HAEES AF = diH] 025, 05, 0.75, 1.0, 1.25
HiE EAtAT MBS 15% = FHEZ BeEgjon, &
BT e tE-2 vl Aaglo] oF 8 ~ 10% A== A
He AE g2l stk HEES o] 932 pH 2740 B a3t
AOE AtREW, o] et RS 1.08= 1PAI7|L, =
7] pH 0.5914 pH 57} 254 MA == SIERO &
HIE Figure 3(b)at Zo] YEfSlH. JAESH @7 =24t
ZHE(KMnOy)) + A EA| (FAREE(Na,COs)) + pH 2E
A(F4PPHEENaOH)E AHE-oto] A 5] wrkste] vk A
Zch 71 23 pH 394 EE Alg9 2871 o]FojA= AS
gl skt AT 2A ZET RRVERSY FUFS Al
E &F ti9] 1.08) o]AL, pH 3.000A4 etdy} ylotEe &

Sedimentation (%)

1 1 1 1 1
0.00 025 050 0.75 1.00 1.25
Ratio of additives to Ce

100 - @RT, Additive ratio (Ce:Input) : 1:1 /_/'—'
90 —=Ce
—e— La
s 70t
_5 60 |-
© 50
S 40f
£
g 30F
» 20f
10t — (b)
0k L ¢ 1 1 1 1 1 1 1
0.0 05 1.0 15 20 25 3.0 35 4.0 45 50

pH

Figure 3. (a) Rare earth elements sedimentation rate according to
KMnO; + Na,CO;, (b) Rare earth elements sedimentation
rate with pH change.
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