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Extraction of rare earth elements from spent NdFeB magnets
by supergravity—enhanced bismuth

LI Chunjiang, WANG Zhe",GUO Zhancheng
(State Key Laboratory of Advanced Metallurgy, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Since NdFeB is the most widely used permanent magnet material, a large amount of spent NdFeB
magnets will reach its service life every year. These wastes contain 20%~30% rare earth elements, which are
valuable secondary resources. In this paper, bismuth (Bi) metal was used as extractant to recover the rare earth
elements in spent NdFeB magnets by fire melting, to seperate the excess Bi by high—temperature supergravity
technology, for recycling. The influence of Bi waste mass ratio on rare earth extraction efficiency in melting
process, and the impact of temperature and gravity coefficient on Bi recovery rate in supergravity
centrifugation process were investigated. The results show that when Bi waste mass ratio is over 1:1, the
separation of Bi phase from iron phase is good, and almost all rare earth elements in spent NdFeB magnets
entered Bi phase. At a better separation condition, i.e., T=500 C and G=1 000, the recovery rate of rare earth
elements reaches 99.6% and that of Bi 74.7%. The successful development of this process has opened up a new
way for recycling rare earth elements in spent NdFeB magnets.

Keywords: spent NdFeB magnets; bismuth; rare earth elements; supergravity; recycling

BEVER RO UM T Tk 2 A D Resrpl 2B BERJE H AT R iz AR REAS R, 2 e Bl Bk A
PRAE S BIH R 25 R0 Tl & e (4 S A R 4 B Al 2R IO U B AR A A i NdoFe B 340 D5 98 B

%5 B #9 :2022-02-16; & [E] H #7 :2022-04-06

ES&TH: HE A KRB E W IR H (52174275) 5 e s 1 Ll 5% 56 4 95 B 550 3 (FRF-TP-20-018A3) ; 94 13 4 B 43 A ] 58 3 0 5 0 = %
BT H (41621007)

BEIEE  EW1987— ), BI#Z, E2ZM5T7 ) M6 4 R BRG] . E-mail :zhewang@ustb.edu.cn



126 Herskttyhs 1

2023 2 H

AHFN N, Fe,By AHZ B, Bk DAAN Bk 6 2 44 38
Wi —se Hfhoo R, e 8% EL MBS T
Bl N A LA v B e T R RE AR R A )2
N T HFE B JRED R RBPETE, E
THE S 5 R 11 Bl A 0 e Ak 2 5 1, 2019 4F b ) )
BREN = w2k 18 Jrm, TIT 3] 2023 4F o [ Al ki
FE R A 20 J7 I ] AR 7R AR KR 1 IR TH B
BRA LA 3 S R S A R 2 209%~30% 1 Fi + 0T
RO R E RS £ R IRS

H DA TH B 42 0 v Tl e 3 + o0 38 19 vk 2 82
BRI E R e B D Rl T L I 3 SO B o S D
MR BLR A PLAEBGNSFIETIR N, TR AR
W 2 TH B A e Je i R R R ), A5 DT
VE SRS T 2SR5 T e, 7 - DR
KT 92% ; 7F 4 R AFMd G iz = ok /T 200 H
(0.075 mm) ) &l 2k 00 2 BB A, B 199 H ST LU
K H] 98.35% ; i ) B AFUE FHER R FN PSOT B A T
BRI DN B B2 et rh SR O 23 8 ok AR IRIAIR
ST e A (BRI R S R rh A K
JERR ALK, 5 Y IR BT A F IR B R4, R i Ak
B0 SE 1R R AN R K AL 23 7= A AN B L KR
FE W G0 vk AL B RRIGE S, BN . /NG
SR Al 0 I RE B R Z /T 100 H (0.15 mm) IF
128 S AR R SR 5 A T i AR B, S 4
WG Y A, 4R YA B R 18 SR 5
WA 43 B ; UDA i F FeCl, AiLG PE &M 7E 1 073 K
W4T 5 0 TH Bk R 0, 4 2 ) T 96% 11 e i
Q4% (1) i 2 OB S AL AR, SR T PGk P 228 17 32 [l e 745
N2l 5 R 99.2% 1 B M = A ALRTR G, PICR Ny
76% , ‘BACH: LKA W2 IR i B R A R + AR
Y ;TAKEDA SEUIAR s o0 R 5 8000 R FAR ot £ 45
G REIIANTR] AR A Sy $2 JBORIH: 12 TH B 4 B3 v ) e 2
Bk, SRR AR B B 4 b 1 ek Rt AL R
e 28T [ IH BRI 90% LA ik, kikif &
Ak B A B0 0 A0 A B R R AR
A ERBUE T LUK FRE AR, LRSS, H
SR JRRMAR BT AR S . AR SCRI T E T HER
FER T —Rh LA o 5 A R HOGR DA TH B 4 83 v 1m0 i
Fi L RF T L,

T ) 48 E R FE 0 (9.8 m/s?) KR 211
TN Z M ), fEEE IR o9 L
T ) A% Jo o 6 35 Eb R B EE S b A 2 OWIR &
F% it AR A5 B K5 Ak, 76 bk 8 g 2 3l ad Pl
BER A, AR B T E AR N T
TEATIR, BN, TR RL 718 A 4 A JE e AR ) %

e, AR AL W T 2 AR AR e 2 1 4 B A, AR i
G B AR R SJe 2 W 1) 2 B S [, A 22 A8 1S3 oo R A
BARK 718 G &k E £ T 640 1,
R A L 1 35 ) v AN R AL 43 (R s JOAS TR o Ol 2ot
HBE ¥4 8 Cu.Sn .Pb Zn \NHL FIRFFY 408
Ko WA R I AEAE Y E RO YK AR A SR 2
Py il iUV AT I M

ARHIFFE AL 42 @ AR R BRG], B S0k 4 IR B
5 T Bt 4 B . 23 SRR O v s I A I B - = (Bi-
REE)fb& % , K i 50 2 D IR kil v B2 i ok
SR J5 i R E AR K L =48 Bi 5 Bi-REE fb
BB IR RS T B 0T i LA - B IROEOR
(5% ) [ B b, 2 58 T 43 B R (T) RN ) R 40(6)
Xof il 14 T 5 23R (14 S T

1 SEIeEiE

1.1 SEeH R

ARG Pl T R TH RO ok B T AR BRI
i (AT SC Y e H R B A B R BT A (ICP-MS,
iCAP RQ, FE[E) W [Ear B sy, 2583k 1
G PR IHECERIN E 25 60.49% (55 & 05,
[f]) [ Fe,34.59% % + 0% ,0.76% 1 B, B It 2L 4k
WA VERTINFNN Zr, &8 4.17%,

1 EESSMHWTREESE
Table 1 Element content of spent NdFeB magnets
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Fig. 1 Schematic diagram of high—-temperature

supergravity device
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Table 2 Experimental conditions of supergravity

separation
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350 1 000 10
400 1 000 10
450 1 000 10
500 1 000 10
500 1 10
500 100 10
500 500 10
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Fig. 3 Solubility curve of iron in liquid bismuth
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Fig. 2 Macroscopic photos of samples melted at different Bi—-to—waste ratios
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Fig. 4 Electron microscope photos of each area of the sample after melting
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Table 3 Element content of each point indicated in Fig.4
s U MR, %

BR7R KD Nd Fe B Ce Pr Zr Bi YR
1 — 99.9 0.1 — — — — A
2 28.3 — — 5.6 8.1 — 58.0 Bi-REE 1L &4
3 — — — — — — 100 B
4 224 — — 13.5 8.3 — 65.1 Bi-REE fL&#
5 31.8 — — 14.7 8.9 — 44.6 Bi-REE fL&#
6 — 99.9 0.1 — — — — kAR
7 — 62.9 — — — 37.1 — B
8 — — — — — — 100 B
9 223 — — 1.2 7.0 — 59.5 Bi-REE fL &
10 324 — — 12.8 8.6 — 46.2 Bi-REE fL&¥)
11 — 99.9 0.1 — — — — A
12 — 34.8 0.2 — — 65.0 — B

13 16.0 — — 4.7 6.2 — 73.1 Bi-REE b &%
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Element content of each point indicated in Fig.4

HLL R, %

PR Nd Fe B Ce Pr Zr Bi L7k
14 28.1 — — 52 7.6 — 59.1 Bi-REE {L &%
15 — — — — — — 100 A
16 — 99.9 0.1 — — — — kAR
17 — 76.9 — — — 23.1 — B BRAH
18 15.7 — — 4.8 6.1 — 73.4 Bi-REE b5
19 — — — — — — 100 |
20 — 40.7 — — — 59.3 — AR
21 — 99.9 0.1 — — — — A
22 — — — — — — 100 A
23 12.1 — — 8.7 5.4 — 73.8 Bi-REE k&9
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Table 4 Element content in each region of the

sample after melting
AL i 52 E, %

[X J5 Nd Fe Ce Pr Zr Bi B RE

B 18.1 4.8 4.7 1.3 0.3 66.7 24.1
C 0.5 93.2 0.1 0.06 52 0.9 0.66
D 12.7 6.1 39 1.8 0.8 74.7 18.4
E 0.3 92.7 0.07 0.03 59 1.0 0.4
F 12.2 5.4 2.8 1.8 0.7 77.2 16.8
G 0.13 92.5 0.04 0.03 5.7 1.6 0.2
H 9.9 4.6 2.3 1.2 0.4 81.6 134
1 0.11 922 0.03 0.02 5.8 1.8 0.16

J 7.4 4.5 2.1 0.8 0.3 84.9 10.3
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Table 5 Recovery rate of rare earth elements in

samples after smelting
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Table 6 Quality change of samples and recovery rate

of Bi under different gravity coefficients at 500 °C
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Fig. 8 Electron microscopic photograph of the sample treated by
supergravity separation under the condition of 7=500 °C and G=1 000
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Table 8 Element content of each point indicated in Fig.8
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