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Fig. 2 The relationship between the magnetic energy product of different types of permanent magnets
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Fig. 3 Production flow chart of NdFeB permanent magnet material
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Fig.9 Schematic illustration of the electrolysis set-up. Fig.10 Rate of Fe*" oxidation as a function of current density

Irina %5 DABRER VS FIALEE NdFeB Kk, S B E b5, K H,CO, fli# HI1E, M5 Fe
4385, % NdFeB HEAT HUBRTAEAE FH CHLER (HCl. HNOs. HoSO,) ¥ H R, 2 ik 5 MR
+, ER L EAYARE TERR, el IRTTIE B0 B AR L TE™). Yang 25 UL HF Jy[ali i kb
BN BRI AL, it — D T I 2 BT 2 nT LA R IS T30k, ARORBEAR T4k 2R s e, 2 —
ol B o 5 48 v 2 1 i,

4.2 EWREE



TEMR SRta. BRA = EE T, AR KIEANRIEL I NdFeB JERMFEAEREFEIS K A F 7T FEd
% Gy it RS YA I . AEDR AR A I S B R DK TR 2O ANV V& @ A & AT (R A e
t, ERTAEMENMSEEENSRETRTR, B ke E i Ba 2R ohae™ . &k,
BATTE A Fe(ID BS T AI/EUR F, PR B A TRARLERE S BRI 20 TR 4t i TR i S i v, AN s 2. A
BhAEWR B A R R IR 2 oE, TR W& WAL 56k, Bt A& @ in TAT i
R IR AT AT B B Fe RPN, 4t NdFeB AR A FRAE 682 /0 , (HAE 35t 925 0 H — VR B R PR A 34
WARME X T VEAEALEE NdFeB B 78 . Romy S5 /et g 7AW LA HE NdFeB JERL, XFELAHr
T AR LR R, S it 7t R IR M S A ZR B AT B (Acidithiobacillus ferrooxidans) A4 44 F 4%
I JiE /4 (Leptospirillum ferrooxidans)X%f NdFeB J& K} o #1137 iy, FoH Dy Nd A Pr 1935 H %45 5
N 86%- 91%H 100%. T AT I T 34 T — T &5, S0 m B IR B AR 71

AR A AL B NdFeB JREFRe IR FEARAL 22 FIVE FE, SNSRI R, MM & 4T+t at R e i)
HE. HRTARBEMKIETZ, BAELEELR, AR HIRERERA, BARRKEWEE I
o (B, ZHEARBHIIIEHAELR B, B LN HEE—E %, IR R PR E S RMEY)
B, PRARAHBREFRFT 8 AR ER, IR T MR AR AR LR, DRy B 25 5 Bk it o

4.3 SE
HT NdFeB #fih H, J5 25 5 KA AW, DL HES B S -5 -l S T 2 A0 FE NdFeB Kk, {EALHE
I FEH NdFeB Wil Hy, ARREER, L EALIREMER + Nd 205, B iR S (16-17)FiRP,

Nd,Fe ,B+2nH, «—2NdH,, +12Fe+ Fe,B (16)

NdH,, «—> Nd +nH, 17)

A RBALT A, Hi R, OB n BT 1. SALIEAEALEE NdFeB RS T2, Nd
TE RIS B S R A AR, T4 A SR A R I, AR 2 MR e T R, Rk, ZE083R A
MIIE T 5H 1 Nd SR 1207 IR T SRR BB (H H R OMBR R A 8 3445 e oA F 7 2
Bo BIREATER PR Nd [ EIORCR AR, (BT Fe IUEERFI AL, Koji 2545 &AL MM, =i
FA-BRIE BRI B NdFeB OB 40 Fe, 2ot S ALK LS A RE, 72 m T s IR 261 T BL CO i
5 Fe B, BAE Fe LA Fe(CO)s LML IIUL, MR 90%7 . Hi A Btk e il kb Fe
FIEAR R KRS S, (2 CO IERING E 7 BRI E A R AL, HURN T BRI, 2R R R

4.4 HWALEZE

R GEALTE NdFeB JRRHI 7 i — B i s I 26 1F T, JF HAERCR . AR T R IRAF fEEE 22, 7R
TR BRI T2 UL AR R i H A B O A 3, FERRE SRR & T, W% Ik T Rg
A B R R S R 4L B Y AR R A AL, xS BB I 80% 11 Nd™™ o B M & A Wi T 25 A% AR AT,
JRA KK BEAR, R HAEIAR A BOR M R TR, RN AT . Sasai S5 V8 PR I8 45 S BRI L A4 I AT
AN TT AL EE, R B4R 10mm i) ZrO, BREE 300rpm i3 5 T FE OBy Y s oRUORE 73 F SRR AN B iR 2
PR AR ISR R R, B [ i e A At 3 905%™ G UE JUAR IR T, WU 272 [ i b 78
NdFeB KRBT FEAWRRN , H & AL IS A — € B .

5 SZRHRE
NdFeB JZRHEEE H™ 8 A0 IZ AT H 2539 22, 68 BORR A o 3R 2 O i AR A A F IR AR T

$45% . AT, X NdFeB JBF 6 M B AR T IEEAT T REBHTE, JFIUS T HE Mot scR. b, A
FIBATT LI HBAMA L WK 1 s,



R 1 AFEBARTTIE RN NdFeB BOEH# 1 (L #5155

7

Table 1 Advantages and disadvantages of different technical methods for recycling rare earths in NdFeB waste

Method name Method principle Disadvantages Advantages
Chlorination Rare earth elements can show Severely oxidized waste Good recycling effect
stronger affinity with chloride ions has poor recovery
Alloy method Rare earth Nd combines with molten High requirements for Get a single rare earth
Mg and Al to form an alloy operating equipment and Short process flow
high energy consumption
Selective The difference of the affinity of iron ~ High reaction temperature Environmentally friendly
oxidation and rare earth for oxygen at different and high energy No chemical reagent consumption
temperatures consumption

Total solution

Hydrochloric acid

Oxalic acid

precipitation

Sulfate double
salt method

Solvent extraction

Hydrochloric acid dissolves rare

earth and other elements in waste

Control the pH of the solution so
that the rare earth oxides
preferentially react with

hydrochloric acid

The solubility difference of salts

formed by Fe*" and rare earth ions
and oxalic acid
Rare earth sulfate reacts with
Na,S0O, to produce double salt
precipitation

The difference in binding ability

between rare earth and organic

extractant

Large reagent
consumption,
environmental pollution,
low product purity
low efficiency

High wastewater output

high cost

Low product purity

Harsh reaction conditions

polluted environment

Easy to emulsify extractant
Poor production

environment

Simple principle and operation

Low reagent consumption

Short process

Easy operation

Simple process

The reaction conditions are mild and the

cost is relatively low

high productivity
Highly targeted

Electrodeposition

Bioleaching

Hydrogenation

Mechanochemical

method

Electrochemical oxidation of Fe**
Fe*', re-precipitation of rare earth
The migration and transformation of
metal ions by microbial oxidation
and complexation
Disproportionation dehydrogenation
to separate rare earth Nd
With the kinetic energy of ball
milling, lower the reaction

temperature

High power consumption
Cumbersome operation
High power consumption

Cumbersome operation

Long reaction time and low
efficiency
Research needs to be
in-depth

Lack of actual basis

Less chemical reagent consumption,
more convenient and efficient
Large processing capacity, low cost,

environmental protection

High recovery rate

Mild process conditions and low cost
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Earth in NdFeB Permanent Magnet Waste

SONG Qiang '**, TONG Xiong'? 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, Yunnan, China;
2. National and Local Joint Engineering Research Center for green Comprehensive Utilization of Gangue Resources from Metal
Tailings Resources, Kunming 650093, China;
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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 summarizes the technical status of the recycling of rare earths in
NdFeB permanent magnet waste. The current technical methods for treating rare earths in waste are divided into fire method and wet
method. Among them, comparative analysis of the current situation and shortcomings of fire methods in industrial applications such
as chlorination method, alloy method, and selective oxidation method; The research status of wet methods such as solvent extraction
method has deeply analyzed the limitations and advantages of different methods; at the same time, the research status of new
technology methods such as electrodeposition method, biological leaching method, hydrogenation method and mechanochemical
method are introduced. On this basis, the future development direction of recycling and recycling of rare earth technology in NdFeB
permanent magnet waste is prospected.
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