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Fig. 1 Consumption proportions of high-performance NdFeB permanent magnet materials in different industries
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Fig. 3 Schematic illustration of apparatus for neodymium
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IRINA 5PV IR A1 71 AL BE NdFeB R 4
AR S, SR H,CO, M LiliE, M
i 5 Fe 70 &5 . Xf NdFeB & BHIEAT HL MR AT A4 75
HLER(HCI. HNO,. H,SO, KA fk, &l Bif)s
EFMANERIOER L, BEE ik, DA
T2 A0 77 Ab P NdFeB JERE, A2 B i) L AL A

Ag/AgCl
reference
electrode

Nickel
cathode

Ti/Pt anode

\\ v

Magnetic
stir bar

\

P — )
B8 il m e )

Fig. 8 Schematic illustration of electrolysis set-upt®*

100
x 80F
2
e
E 60 |-
=
g 40t —=—(07A
= ——(0.8A
5 —— (098 A
=~ 20 - 1.2A

—a— (0 A control

0 1 2 3 4 5 6
Time/h

9 Fe SMIE A HUAL K &

Fig. 9 Relationship between oxidation rate of Fe*'and

=

current



2066 T A e E SR

2022 47 H

HTARKR, REEZDBEERMLUE. YANG
SETILHF O [ SO 71 A0 B 40 NdFeB SRR, 280
—IP UL IR T 2T DL A A, Bk
BEAR T A 22 kTR IV AR 2 — S 1 58 s 28 0
Jiiko

42 FYRHE

FER SR SR A BEETS, AR 5Kk
AR AL BE NdFeB [ BHFAE e FEIE K A0 1)
THFEIE 2 J) G A B 5 Y 0 . AR = AE T
AW T DLKIS T 206 AN 1 4 & A & P ik
TR, BT AV RN GAE X &8
BT, B &AL s R T B 2
DIRE, 15, B4 Fe(IID) B T A E 1,
TR EAT TR 4 22 FF A RS 48 B 240 i 2 1) 1) 5 T
o, NI VA & R A S I AR R . S BIAE
YN AL B IR BRI O A2 B2 ok, TR
s AR BBk I A i AT
AR IR S8 AT BRI FE AN N PO, A& B AR i
Hi X NdFeB J& R} 3E 47 4b 38 1 S AR X3 2D, HAE
YN A PR — R SR AR BB AR %O VAR AL PR
NdFeB & kL 18 5T . ROMY S5 e JF JE 7 4
YR LA B NdFeB JE L, XF HL o # 1 A [R] 48
X R AR, BETER I, BRI AR BT
(Acidithiobacillus ferrooxidans) F1 48 {4 M. Bk 12 Jig 14
(Leptospirillum ferrooxidans)*} NdFeB J& A} £ 1)
BHERE, H Dy, Nd A Pr R H R 550
86%- 91% F1100%. %N H M L 254 T —
FrArE B, 2Pt mE A BRI EARTT

AR T AL BE NdFeB % B RE Bl OK PR AR AL 2%
WIS, FEngkE R, HINRFE Uit ask i
KBRS . MR TAAESRBENKETZ, 2R
kR ER. RS, R RENS, &

MBERRRE S IR WSS 5 T T R AT -

43 S

1T NdFeB & & Hefil H, J5 75 5 R A= i Wi 4
DA HEVE H S A - A - i &L T 204 B NdFeB J& K} .
75 b 3 1ok 72 o NdFeB B BHR K H,, A2 B
HABA SR Nd 3, B K i s e an

(16)~(17)FrRP,
Nd,Fe, ,B+2nH,<>2NdH, +12Fe+Fe,B (16)
NdH,, <—>Nd+nH, (17)
AR AT i T, FLR A, R
KT 1. SIEELLPE NdFeB KRS fE T,
Nd 7 [ B 5 AR A e, A8 T e FH 30Kk
AR I, A AR RE N R, [t
TEAGH R HOE 75 508 - Nd B BCAE A . %077
MHNEAL TR R B, AR S RN R AR S
H BN TR R . AR R Nd 1 [ET i
ORI, A Fe IEHF 2. MIURA %507
A EAMERRF, 5 A A - B B Bk [l
NdFeB J& £} # + F1 Fes  JRREE b &4k B3040 b 22
J& s AE il R AR N DUBRAE ML), i 2 fd Fe
LA Fe(CO)s A m,  H I R T 90%. 45
B IR FERIE R R R Fe IR R FH 2 Kia$e
EAEAE RS R, AP R iR

4.4 HWILEE

& 48 1.2 b 3 NdFeB J& R — % 75 2 i il i T
A, AEAE R R, 75 B RIS A B IR AN
T2 MU A Rt H AR S RO 2, 7EBR
BEFNREIECA T, I T e R R B R 2 ik
(13 70 v 2 [El i, R A5 B Al B R I 80% 1 NdP™,
FHA BT RAE B T 28R, KRB R
A, R R R AR M E R, A2
(19 9% FH BT 5% o SASAT SR I8 1A 1Y) 1% Joe 45 NdFeB
ta ik AT B eI 77 AL, SR B4 9 10 mm
(1) ZrO, BRE 300 r/min 3 & K FoR B3 i A S0k,
T FH SRR AN R AH R A R SO AR L, R AR
[ R R4 R R 95%. St LR E
MU AL 2732 (51 05 4b B NdFeB J& B RF LS T —
SERERE, (HES KU TV AE = Ie A7 7E 250

5 FRMRE

B & NdFeB K K™ B KIZEIE I, AT R
o ebi 1 0 E AT S IR 0 R OR AR IE
Wi eg. HAT, 2% 5 E X NdFeB &R i - 6]
WA BRI IEBEAT 7 REBETT, JFIUS T F 5 K
FORRR o AFEARTFERIRH A L UL 1R
RN NdFeB J& e} B = [ ¥ T 2005 VA A



32 B T H OB, S BRI K RERR) AR L sl WO PR R AR % e B 2067
F 1 RAHAR K I NdFeB PR h R LA 1528
Table 1 Advantages and disadvantages of different technical methods for recycling rare earths in NdFeB waste
Method name Method principle Disadvantage Advantage
o Rare earth elements can show Severely oxidized waste has .
Chlorination . . L Good recycling effect
stronger affinity with chloride ions poor recovery
. . High requirements for .
Rare earth Nd combines with molten . . . Get a single rare earth
Alloy method operating equipment and high
Mg and Al to form an alloy . Short process flow
energy consumption
. Difference of affinity of iron and rare . . Environmentally friendly
Selective ) High reaction temperature and .
o earth for oxygen at different ] ] No chemical reagent
oxidation high energy consumption

temperatures

. Hydrochloric acid dissolves rare earth
Total solution )
and other elements in waste

Control pH of solution so that rare

Hydrochloric acid  earth oxides preferentially react with
hydrochloric acid

Solubility difference of salts formed

Oxalic acid . i .
by Fe“" and rare earth ions and oxalic

precipitation .
acid
Sulfate double ~ Rare earth sulfate reacts with Na,SO,
salt method to produce double salt precipitation

. Difference in binding ability between
Solvent extraction .
rare earth and organic extractant

Electrochemical oxidation of Fe** to

Electrodeposition " L

Fe’", re-precipitation of rare earth

Migration and transformation of

Bioleaching metal ions by microbial oxidation and
complexation
. Disproportionation dehydrogenation
Hydrogenation
to separate rare earth Nd
Mechanochemical With the kinetic energy of ball
method milling, lower reaction temperature

consumption
Large reagent consumption,

environmental pollution, low  Simple principle and operation

product purity

Low efficiency Low reagent consumption

High wastewater output Short process

High cost Easy operation

Low product purity Simple process

Harsh reaction conditions Reaction conditions are mild

polluted environment and cost is relatively low

Easy to emulsify extractant High productivity

Poor production environment Highly targeted
) . Less chemical reagent
High power consumption . .
. consumption, more convenient
Cumbersome operation .
and efficient

High power consumption Large processing capacity, low

Cumbersome operation cost, environmental protection

Long reaction time and low )
. High recovery rate
efficiency

Research needs to be in-depth ~ Mild process conditions and

Lack of actual basis low cost

AWroed, HEmextm, EWr e .
N T S A B NdFeB R BRI £ F A
B JE T FUN FEZ LR LA T T 1) TR
M TZ, gafafr-ife, BB A; 2) JF
RIFTRIEYERE ARG, OIS ARG, &
e R R GR R T AR TR, BRI T RA R
WOGRIRITERERE, PR H eI TAVAR R 3) X6k
AR I TR B DR, B AR AL
FEXTPERE 90 ARUE VE S R, AL RELE R AT
HIZAF R IR LT E s 4) IR TEHLAAL

FIEALPE NdFeB JRRHEA, R H e E L 2%,
TERARRERESC 1 F I ieHs £ 5) BT M NdFeB %
B RO L T2 AR B s, SRR
AR ) L AR L B L R JE

6 Z5iE

TR BRSO, (B A TSR AR T
R BRI R AR K, AR R Ik
VRS L O EFR R . XA BN AR -
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Current status and prospect of recycling and utilization of
rare earth in NdFeB permanent magnet waste

SONG Qiang"**, TONG Xiong' 2, XIE Xian"? ZHANG Wen-jie"?, CAO Yang"?,
DU Yun-peng"?, CHENG Ya-zhi'*?

(1. Faculty of Land and Resources Engineering, Kunming University of Science and Technology,
Kunming 650093, China;
2. National and Local Joint Engineering Research Center for Green Comprehensive Utilization of
Metal Mine Tailings Resources, Kunming 650093, China;
3. Yunnan Yuankuang Technology Development Co., Ltd., Kunming 650093, China)

Abstract: Neodymium iron boron (NdFeB) permanent magnet materials are widely used in many fields. In the
process of producing NdFeB permanent magnet materials, a large amount of waste will be generated. Direct
discarding will not only pollute the environment, but also waste secondary resources. This article summarized the
technical status of the recycling of rare earths in NdFeB permanent magnet waste. Comparative analysis of the
current situation and shortcomings of fire methods in industrial applications such as chlorination method, alloy
method, and selective oxidation method was carried out. The research status of wet methods, such as solvent
extraction method, has deeply analyzed the limitations and advantages of different methods also was carried out.
At the same time, the research status of new technology methods such as electrodeposition method, biological
leaching method, hydrogenation method and mechanochemical method were introduced. On this basis, the future
development direction of recycling and recycling of rare earth technology in NdFeB permanent magnet waste was
prospected.

Key words: NdFeB permanent magnet material; waste; rare earth; recycling and utilization; fire method; wet
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