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Research progress on the recycling and utilization
of Nd-Fe-B wastes
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(a. School of Metallurgy and Chemical Engineering; b. Engineering Research Institute, Jiangxi

University of Science and Technology, Ganzhou 341000, China)

Abstract: A lot of N-Fe—B wastes, which contain a large number of valuable elements such as rare earth, are

produced in China each year. Recycling them helps a lot when it comes to coping with the rare earth resource

shortage, environmental pollution and resources waste in China. The green recycling of them presents a

promising prospect. Therefore it is of great necessity to do a more comprehensive and systematic study on it. In

order to provide guidance and help for the research of efficient recycling of Nd-Fe—-B wastes process, both

traditional and new recycling methods are reviewed and the characteristics of the new methods are summarized

as well in this paper.
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Fig. 1 Global annual production of sintered

Nb-Fe-B magnets
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Fig. 2 Schematic diagram of the process of hydrochloric acid solution
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Fig. 3 Schematic diagram of the process of total solvent extraction
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Fig. 4 Schematic diagram of the process of double salt of sulfuric acid



F 114 % 18

AR Ao B R AL B R R 2R 95

A AR [T SR IR 7 70N B SR T 4 J 701k
[l ATl K 0 0 Ik v S Rk T RS T S IR
AT 3 7 SR TC Ll 0 RS2 B ] % i 4 0 43
SRR L K PLAE 1 550 CF N 4 h, i P s 4
Y BER B 82.72%; A S5 A IF A CaO F01
Si0, Mo ) 45l R0 T LA B A e s
SEMEATFIL SR S0 B,

B IRR T KOk BRI A 0K £ R s ik
17508 B 2T 3 P — 4 & 5O T AR A Wik 2 — 2
ARER FF HH A, SC A IR R R N T AL T A
AH—EWEK
2.1.5 2 AAR B 3 0k wOR AR A A

DA 32 1 32k T oS e A A e, 0 e A I Ak
W R AR G5 4, DR 55 A M oT R e At
DA S5 U5 1 ] oS PR P T e R o 3 3k D) 2 3
I RRERAL B, 4 in A A 4 NdDyCoCulF e85 F. i i
R AAS B R AR R PR B, LA 3K B R i R

Jii S ZE SO Il AT 1) i R 2k 2 B 2 T 4Rk L
PR A | B 6 Kb P ) A5 S 2407 0 3 e Y
WA o F A 5 R O TR A F A0 PR A5 25 B R W
K, SZERFRUTINA 2%PrNd J& BIREAR SR S 4 e T —
UL R 3] 102% , F % ARG REAR 73 3] R — R i
19 95% 90% , F7 L BE AT T % . Li Chencheng 5550
FHE R 80, AEBE2s 2 kR K h 4% 100 mm 9%
JNA Dy,0s, SE5 RN Dy,0, 1] 1 3 42 = #
RH B,, 5 K H, 755 1 310 kA/m, 5 K (BH) ] ik
F] 204 kJ/m®, Liu Weiqiang %5PU[a) & £ 8k i K 44
I DyH, GKRL 6l 4 T A AR . SHIIR IR B4
TRAHEL, T i 45 0 e A P AR AR 5 1.0% (38 5 43
BO W) DyHy 48K KF . H, B, 71 (BH ) i &t KAE 53 51
K 101.7% .95.4% 1 88.58% , " 2 K1t & Nd Mk
AT BB Dy H 75 5t i3 i g

VA R R P A AR 1 3 ISR R L, A L
Tl A2 E B Al S U ik T R RBFEAS A
5 G /N AR A R A R BB LA 3k 3 LR A P IR R AR
22 RAFMIZAEEWERPRNGE L
2.2.1 RIFH AR R e A sk B

PR Ak IR IR A Eh R R i S Ak R
HLAE 5 3R IR B 0 45 5 1 07 =X Sl Bk 0 I ) o [l Wi
+ . Prakash Venkatesan 8PP 58 T1E 1R T R A H
2715 BRI 152 et v [T - S 4 Bt k0 12 et
FHER TR (HCL) FAE SR 8% i 7] 465 19 S AL 40 (NaCl) #8 43
Bl o SRR AR R A v Bl R IR Ay B
T, B R e PR o 3 g S Ak M i Y, i 1] FH 9 8 - 22
PR IE , HAERT B LA Fe (OH); BB A AL TTTE

M = 95% 1 Fis 1= 70 2 FS S BGRB8
B A B BRER SRR O TE M 1, Ky beds 4l B =99%
i kY, B FERR S S8 A bRk, OF H LIRS
1b4h FEER L RE

X P M F Ak A IR A AR Y R R W] LA B A
HI, AT A A — e iR i 1 20 A K R P 7K 1 i)
M, B R TR R LA R A i R A i SR
TEER R E

KT H Ak 2 vk Ak B TA] 0 BRI % BL  Prakash
Venkatesan 55 it i T ¥ & ¥ 09 B 5% . Prakash
Venkatesan 55 $h R 56 4 5 HH Bk 0 4 K, SR
Ja AT A AL PR MR B R W mY Bk (TN R
R (D) . f e, B iR 1 4% A i A B IR TR
th, BEEEVENT Y 98% L) LM s R AR N LR R
EAN [ ol N N (0 Y ta R OB FoRe il w2 WA AL 7 LN
99.2% , &l 7= fh N Fe (1) ¥ . Prakash Venkatesan
SEPAWEIE T O — Pl e PRV IR O R Ak A
AULATT R FH P Al 900 Ak 3Ly 0k o L AR D e K ek e £ ST
R AN S . R R 4, 75
b 2% BN A v R B Ak B AR 1 R 5 A P AR — R
YER B . SR HIHE 1 BH AR, i DR 1 % 5 ek vh i) 2k e
A8, HERRE KMIRA R ARy, K15
97%Vh L 1 L AL = o, TR B e SRS
PR PR VE L UOTE R + FE IR ER , RERR M B AR R
W — A E e, L R BR IS 7 A Al Ry
99.2%IM % A4k, T HEH T L & m A r- .,
2.2.2 R 4E A PP A B Ak A R

IR I R P RS KBV 78 5 BeBR A i 4l
7 THT — LA — 5 T A R ) AL 6 R L s 1 A
SRAT AR RE M B BOW £ FL X A 32 40 TR 1) vk ¢
I VI I TRIS T L2 0 B R R iR A 7 SR AR R
Tian Yilan S35 {0 H] R R 12 1 ol F2 b A 3 1R 55
FS O HY U e (HMTA) AR S #6500 4 1R Fi 7S H
FU (HMTA) e SR R €4 &9, 5 P
AT E LB, AT LA 182 i . HMTA F £
TR 58RI A RN

Fe*+2NO*+nH,0+2HMTA—Fe(NO;),-2HMTA -
nH,0 (1)

2C4HsOt+FeCl,=Fe[C4H50¢),+2HCI (2)

Tian Yilan SF®WF50 T $h B BE 25 70) W
T BE X9 A AR Y S e TR B M A R B A R R ECR
N 99.27% ., 12t 5¢ UE TR R DITER -, SR 5 ks e ds
i LEAY, ERABNE LAY aiE R
95.83% LA L, Iy 90.18%,

e ER TR B HH I IS S HY 6 D e (HMTA )



96 HE &R

&

#

IﬂL’

5 1R 2020 4F 2 A

R

A1 R AT AR A AR R R A T FE 2 R AR L (H
Bed B B 1 A A B B AT Tl ISR AN R AR T RE
SRR 5 75 W DU i (HMTA) AN A R TE %, T 20
EARES A, R UTTE B BRAR T 7™ 5 i Rl
Falifg
223 VABE(C) A IR B 4k sk o A

I AE R DUBK (C)AE R $2 BBGR i i 52 IS 17—
RO IE  Liu Bowen Z5PORL R P56 K A= W) e M HEEUH | 3%
Hh Tl DA K R A e [ SO S R Ak
KRR T2 B A AR R B 7 e Tl R T BLAE
B, BN e S 1R T FERIR S AL R A, 8K I K A
7RIV Ak A [ g 3 ik o =X e, O3l A GRS
TRAFT . R UG A ) o A IR G, A W A Ly
SR G R e X B 4B N [l SR B
115 5] NbFeB-C/H 54 (RECs il REHs) , 7K JE A%
AR + (REOHs) , 8L 2 14T Inl i iy & AL i
1 (REOHs) M2l A 5] 99.43% , i - IR K
88.4% , I J5 5 be A 3 Fis 1LY . BianYuyang 5557
R LA I B J7 3 W Bl Bl A L5 o A
Wb ab, S R NS R Rk A 4 RS
XF 852 NbFeBC,, & 4 #E4T T HLBRY %, I 78 Ktk
fif A + S A W, HE— 28 R Rk s WG + ARk
Prrb BRI T BB IR R iR B 93% , # +
SEMY A EE IR E] 99.7% , K5 BeIn 15 3 1 + A4k
YIRes T AL R AR

PLAE W) e A BB A5 ik (C) TEAE A $2 ORI BE s A
R TSl 0 8 ek e ) U A 9 N A A8 oA
& U0 DA B A0 22 ek v [l A £ 5, 0 FeO—
B0 3485 HX 07 1 S 00 A5 1 A B A R
o B S T AT X AL RN e ) B R v, R
FKi5 Y KA b i A A B ki eE A, i HLAS 3
(A - A A TR A, ME LA 3 5 — w4l A s
P
2.2.4 SRR Y ILAR I AR gm Ak gk A R

SRR P DT AR I [ A AN B 2k B P K 2 Yang
YuSheng 5P i) — il DS 20 B2 0 0 sk v [T i
i 1 05 3 B AN R B CREAR /N 1 um)  FE2E
PR R AT AR SE R B AT, AR T A
B LA ESEAR RS TR AT . SR SRR
AR ALY, RS S AT T A R 1
R A2 DR A el R R e b TR SRS - i Bk S LA
e A I8 SAEAE T 20RRR L Inl I i # + Ak T
LA 7 A VAR AE SRR R R AT L TR
AT RN

SRR PR OB 32 ) AR 20 ek A S [R) T

~ 0

TpH TLER IR 0 T2, RATEFEPETUIER 119
T3 T AR OR A 0l 2 A A [ P A9 35 2 4 2ol
I A R SE D R — RN A R T, E
X AT R T LS AT 1B U7 A s A0 B
BRANZRE , JRURE B — RH LU T 1 S8 I 2 ISR ki 7
B —E 1 R BRE

3 RREBSRE

KR IE R (ERIR B R 45 ) Jin B R 45 L UE 741 [m]
WAL R A2 A v B 1 T s e A R R R
(75, Hod ERRR ULV ik T AT B AR (H 7
X TS A ], Tolb Aloafe B 3 K $h iR &9
BRI 5y B Tl AR A= 7 (B FER AR K, 75 %2
AT L 5B MR E R T AW h A 4, %
FHEN K & AR Ao, BUA Ty, iR e iR G 4 1Y )7 v
AFXF e Ul B PR AR (0T 5t 1) SR 3, R A5 Ab 2R
() R FE 3 B — ) Tk Ak 2R 77 88 25 AR ECR A RE Tl Ak
A ARSI AE TR FE DL K AR R W L LRk
X IRBE BTG G BN B AR B AR DL R T
P G 1S A Y 9 <3 LT T 1 (1 v e X Y
b2z e 5 B B 3 B B A i R A R 5
SRS E N A I AR . PR, D T RE R AL ZR A TR
I AL BRI 2L, 7 A5 28 5% 25 25 1 () s il 2 Yo B 5
Hv5 4 AT LLNEAR 3 A4S0 5T .

1) &R0 12 Ak Tl fAe Ak $H ) A 5 17 2% ) o ATk 7R DA
K BR80T R AT, AT LA Ao S e e R R s
iR ()4, 6 PRAIE 7™ it B 2 (R T B T e 46 B 2 5 A K
A SO 391 B3 4 T 4t £ 288 55 1) 00 T HUAR B R
FR R S .

2) T A Kt e B R RN IS B L Ak
B DL S R AL A A R IR IR A K
IR, 2B AT TR R R Y Uk

3L i 6 4 0 20 SRR A 2 i X B ik
BB A 1 A 2 B A AT Tl Ak A= 7 B 4
TR AT T4,

Bt SRR VLV EE TR A VL R S H
THR RN E R A3t B B R E0S

2% 3 k:

[1] DC W. =1 BEAL R G P A LD 25 B 9 AR 557, 2005(7): 19.

[2] WA 220, THAR AN, . 3 R £ A RER R S R I s TR
AW, 2012, 32(15): 164-167.

[3] L i + b 2. [ P AN £k Wb R R B O 2 1 FF[D0.06 10
£, 2018(10): 22.



1A % 1M GEIEN

5 Ao bk R KT

R AC WA R B 50 2 e 97

[4] SCHULZE R, BUCHERT M. Estimates of global REE recycling
potentials from NbFeB magnet material[]J]. Resources, Conserva-
tion & Recycling, 2016(113): 12-27.

(5] V7% , 2, SR AR, Bk A At v i R B IRl (). A6 E, 2004
(2): 31-34.

[6] ARG, TG, 5% A 4. BBkl A2 5 R AT 58 SR (v h
4z, 2018, 41(1): 48-50.

[7] 2R R 2% AR5 53, 55 Be 45 S B il 7 il 1A 11 45 1 20 i F o 3k

NEEIS @%W&Fﬁ*%ﬂﬂﬁm&&ﬂﬁﬁm AR R, 2001(1): 23-

25.

(9] BRI AN, 2 7 R, 280, 45 MR o B2 v Il USOR 4 ) BF 5 3k ()], o
[E i 274, 2019, 37(3): 259-272.

[10] POLYAKOV E G, SIBILEV A S. Recycling rare —earth —metal
waste using hydrometallurgical methods[J]. Theoretical Founda-
tions of Chemical Engineering, 2016, 50(4): 607-612.

(1] 250, SHUR AR, X S | 55 % [ 3 77 o 02 5 9 B9 7 L el i 4
TR A A 20 9%, 2013(12): 89-92.

[12]X144 7. NbFeB & i op TR 1= #8310 BHE %R, 200921): 131.

[13] EREE, X T S 20, 55, HERBROL 7 2 N NbFeB R [l il
i £[J]. W5 1R 42,2006(4): 195-197.

[14] S 4k-F X8 BEIR, RB52 52, 45 A B Bk I Rk o 48 ORG24
7). A mEe S TR,2016, 7(1): 119-124.

[15] VLA Bl 22, e o 32, A5 Sk ol [T sl 2 1 0 ¥ 0 S TR B 4
R ERER(]]. fL TH AR 571 %, 2018, 47(8): 55-57.

[16] BR 2 4. 422 vk [l i B ok B 2 i v 1 s 1 5 0 (0], v I 0 25
A FIH, 2004(6): 10-12.

[17] PADHAN E, NAYAK A K, SARANGI K. Recovery of neodymium
and dysprosium from NbFeB magnet swarf[]]. Hydrometallurgy,
2017(174): 210-215.

[18] PANDA N, DEVI N, MISHRA S. Solvent extraction of
neodymium (III) from acidic nitrate medium using Cyanex 921
in kerosenel[J|. Journal of Rare Earths, 2012, 30(8): 794-797.

[19] RADHIKA S, KUMAR B N, KANTAM M L, et al. Solvent extraction
and separation of rare—earths from phosphoric acid solutions with
TOPS 99[J]. Hydrometallurgy, 2011, 110(1/2/3/4):50-55.

[20] JORJANI E, SHAHBAZI M. The production of rare earth

4“3

elements group via tributyl phosphate extraction and
precipitation stripping using oxalic acid[J]. Arabian Journal of
Chemistry, 2016, 9(2): 1532-1539.

[21] ANITHA M, KOTEKAR M K, SINGH D K, et al. Solvent extraction
studies on rare earths from chloride medium with
organophosphorous extractant dinonyl phenyl phosphoric acid[J].
Hydrometallurgy, 2014(146): 128-132.

[22] X5, %ﬁz%ﬂﬂﬂ%ﬁﬁilzm o[ A, 1996(9): 10-12.

[23] AT AR, A, 45, G 52 £k vk 10T NDFeB BB 35 £koKk Y
Ak FRLJ].405 BT 27 B 27412, 2010, 29(3): 38-40.

[24] AR, R RER], FEH2E A5, B H S it 4 08 43 0k 1) W Sl Bk Al %
BHI). #6 £, 2015, 36(5): 8-12.

[25] F/NGE, BR/INSE SR A, A5 I A 3 10 MBI BN 204 B e o ]

WORR AR T 205 ). o B B UR LR S AL 2019, 37(1): 21-25.

[26] ZAKOTNIK M, TUDOR C O. Commercial —scale recycling of
NbFeB —type magnets with grain boundary modification yields
products with ‘designer properties’ that exceed those of starting
materials[]]. Waste Management, 2015(44): 48-54.

[27] ZAKOTNIK M, HARRIS I R, WILLIAMS A J. Multiple recycling of
NbFeB-type sintered magnets [J]. Journal of Alloys and Compounds,
2008, 469(1): 314-321.

[28] ZAKOTNIK M, HARRIS I R, WILLIAMS A J. Possible methods
of recycling NbFeB —type sintered magnets using the HD/
degassing process[J]. Journal of Alloys and Compounds, 2007,
450(1): 525-531.

[29] Jil Sk %, 2R 5% SRIAT 45, i) £ bE 4 Nd-Fe-B REMR R RETE
fig S A ERE)]. #ORFSAR, 2018, 32(2): 180-183.

[30] LI C C, SUN A Z, TIAN Z Y, et al. Efficient reuse of the waste
sintered NbFeB magnet with Dy,0; addition [J]. Journal of
Magnetism and Magnetic Materials, 2018(462): 41-45.

[31] LIU W Q, LI C, ZAKOTNIK M, et al. Recycling of waste Nd-Fe—
B sintered magnets by doping with dysprosium hydride
nanoparticles[J]. Journal of Rare Earths, 2015, 33(8): 846-849.

[32] VENKATESAN P, VANDER H T, HENNEBEL T, et al. Selective
electrochemical extraction of REEs from NbFeB magnet waste at
room temperature (Article)[J]. Green Chemistry, 2018 (5): 1065-
1073.

[33] VENKATESAN P, SUN Z H I, SIETSMA ], et al. An
environmentally friendly electro—oxidative approach to recover
valuable elements from NbFeB magnet waste[J]. Separation and
Purification Technology, 2018(191): 384-391.

[34] VENKATESAN P, VANDER H T, SIETSMA J, et al. Selective ex-
traction of rare—earth elements from NbFeB magnets by a room—
temperature electrolysis pretreatment step|J]. Waste Management,
2018, 6(7): 9375-9382.

[35] TIAN Y L, LIU Z W, ZHANG G Q. Recovering REEs from
NbFeB wastes with high purity and efficiency by leaching and
selective precipitation process with modified agents [J]. Journal
of Rare Earths, 2019, 37(2): 205-210.

[36] LIU B W, ZHU N W, LI Y, et al. Efficient recovery of rare earth
elements from discarded NbFeB magnets [J]. Process Safety and
Environmental Protection, 2019(124): 317-325.

[37] BIAN Y Y, GUO S Q, JIANG L, et al. Recovery of rare earth
elements from NdFeB magnet by VIM —-HMS method [J].ACS
Sustainable Chemistry & Engineering, 2016, 4(3): 810-818.

[38] BIAN Y Y, GUO S Q, JIANG L, et al. Extraction of rare earth
elements from permanent magnet scraps by FeO -B,0; flux
treatment[J].Journal of Sustainable Metallurgy, 2015, 1(2): 151-
160.

[39] YANG Y S, LAN C Q, WANG Y C, et al. Recycling of ultrafine
NbFeB waste by the selective precipitation of rare earth and the
electrodeposition of iron in hydrofluoric acid [J]. Separation and

Purification Technology, 2020(230):115870.



