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A study on the Separation/recovery of Rare Earth Elements from Wast Permanent
Magnet by a Fractional Crystallization Method and Sulfuric Acid Leaching
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X-ray diffraction (XRD) & XRF (X-ray florescence spectrometry) £4 0 2 AXAF 1 A U AH7FA HJES SQI5t3 0,
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Abstract : Nd-Fe-B waste permanent magnet contains about 20~30% rare earth elements and about 60~70% iron elements, and
the rare earth and iron components were recovered through sulfuric acid leaching and fractional crystallization. Oxidation
roasting was not performed for separation and recover of the rare earth and iron elements. The leaching characteristics were
confirmed by using as variables the sulfuric acid concentration and the mineral solution concentration ratio. Sulfuric acid
leaching was carried out for 3 hours for each sulfuric acid concentration. The leached solid phase was characterized for its
crystalline phase, composition, and quantitative components by XRD and XRF analysis, and the filtrate was analyzed for
components by ICP analysis. With sulfuric acid leaching at 3M sulfuric acid concentration, neodymium compounds were formed,
the iron content was the least, and the recovery rate was high. After the filtrate remaining after sulfuric acid leaching was
subjected to fractional crystallization through evaporation and concentration, the neodymium component was found to be
concentrated 7.0 times and the iron component 2.8 times. In this study, the recovery rate of waste permanent magnets through
sulfuric acid leaching and a fractional crystallization method without an oxidation and roasting process was confirmed to be about
99.4%.
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Table 1. Chemical composition of Nd-system permanent magnet

scraps.
Elements Fe Nd Dy Pr
Composition (%) 66.43 | 2948 | 2.64 1.45
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Figure 1. X-ray diffraction pattern of Nd-system permanent magnet
scraps.
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Figure 2. Experimental procedure for the rare earth elements
recovery of waste Nd-system permanent magnet scraps.
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Table 2. Chemical composition of reaction residues from sulfuric acid leaching for Nd-system magnet scraps. (pulp density = 100 g L™)
Elements Nd O S Dy Pr Fe etc REE/100 REE/Fe
Composition (wt%) at 1M H>SO4 33 7.9 6.1 4.4 1.9 453 1.4 39.3 0.9
Composition (wt%) at 3M H,SOy 59.2 11 14.2 9.9 3.9 0.3 1.5 73.0 2433
Composition (wt%) at SM H,SO4 27.4 9.4 11.9 4.9 1.6 44 0.8 33.9 0.8

Table 3. Chemical composition of reaction residues from sulfuric acid leaching for Nd-system magnet scraps. (pulp density =200 g L)

Elements Nd o S Dy Pr Fe etc REE/100 REE/Fe
Composition (wt%) at 1M H,SO, 27.7 5.5 2.5 4.4 1.6 57.7 0.6 33.7 0.6
Composition (wt%) at 3M H,SO, 66.5 6.7 8.3 9.6 3.6 3.8 1.5 79.7 21.0
Composition (wt%) at 5SM H,SO4 23 49 14.7 4 1.4 51.5 0.5 28.4 0.6
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Figure 3. X-ray diffraction patterns of leaching residue at the

condition of (a) 1M H,SO4, (b) 3M H,SO04, (¢) SM H,SOs.

(pulp density =200 g/L)
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Table 4. Leaching rate and residue amount at the condition of 3M

H>S0,.
Pulp density | Residue amount | Nd Leaching | Fe Leaching
(g/L) (%) Rate (%) Rate (%)
100 54.0 33.1 80.2
200 66.4 51.8 96.0
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Table 5. ICP analysis result of the separated filtrate after sulfuric acid leaching (pulp density = 100 g L)

Elements pulp density Nd (ppm) Dy (ppm) Pr (ppm) Fe (ppm) Total (ppm) | Fe/Total (%)
Composition (%) 100 g L 13,545 1,663 9 46,354 61,571 75.3
at IM H,SO,4 200g L 12,087 999 13 36,497 49,596 73.6
Composition (%) 100 g L' 12,189 1,752 10 66,612 80,538 82.7
at 3M H,SO,4 200g L 20,511 2,411 11 85,608 108,541 78.9
Composition (%) 100 gL 6,207 660 7 42,946 49,820 86.2
at SM H,S04 200g L 7,419 786 10 47,714 55,929 85.3

Table 6. XRF analysis result of chemical composition of reaction
residues from fractional crystallization method (pulp
density =100 g L")

Elements Nd| O | S |Fe]|etc|REE/100|REE/Fe

Composition (Wt%)
at 3M H2SO4

24|14 1115|7169 24 0.03
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Figure 4. X-ray diffraction patterns of solid phase after fractional
crystallization.

Table 7. ICP analysis result of the separated filtrate after fractional
crystallization (pulp density = 100 g L)

Elements Nd Dy Pr Fe | Total | Fe/Total
(ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (%)
3MH,SO, | 1,745 | 245 | 55.1 [24,183(26,228| 92.2
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