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Life Cycle Assessment of Bonded NdFeB Magnets for
Production and Recycling

LIU Min, GAO Ke, ZHU Peihong, YANG Yaxuan, LIU Weiqiang, LU Qingmei, YUE Ming
(Faculty of Materials and Manufacturing, Beijing University of Technology, Beijing 100124, China)

Abstract: Research on the recycling of NdFeB magnets has received more and more attention, however,
it is uncertain whether the recycling technology can really bring environmental benefits in the initial
stage. The ReCiPe evaluation method was adopted, and producing 1 kg of bonded NdFeB magnets was
selected as the functional unit to evaluate and compare the environmental impacts of the production and
recycling processes of bonded NdFeB magnets, respectively. Results show that the environmental hot spot
in the production process of bonded NdFeB magnets is in the smelting stage, and the environmental
impact is mainly generated by neodymium and electricity. The environmental hot spots in the recycling
process of bonded NdFeB magnets are in the organic removal stage and the hot-pressing curing stage, and
the environmental impact is mainly generated by sodium hypochlorite and electricity. For the manufacture
of 1kg bonded NdFeB magnets, the environmental damage to human health and ecosystem diversity, and
resource depletion by the production process is 158.40% , 180.63% , and 63.37% of the recycling
process, respectively.
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ARG A T H B A St AR IR IR
S22k i RIS B 1 R A e SO0 AR, ) Iz fi
T AR 2R N R ML IR as 2 T JLAE 4
BREGES RN R A 7 B AR Y I KRN 7% , b AR
RN 21% . I C I LA BREE 45 H Bk il 7k %
PRAz bl P A ER B Y 70% LA ERT, AE
T ATl AP B4R R 5 1 R BB I A B A Hh A7
TEB AR Z AN G RS HURS (02 HBE S5 Sk . B
TAPAE R A i TR S 45 O B R S B R I AR AT
TERGAS H RN A 7 (10 3 A8 i A 78 K B 1 il AR
LB it

fiffhe b 3R ) R B A 80T R T R — s s s
PRI AR 0 D2 7 i £ T RG] AT
Ko BRI I AP ) FH — & W LAos B 77 5% 5T
&, (BAE IGE R rh 2l PR AL i) A 2D B B
ISR FH A AR 75 BEAS L IE A R M A A 2 AN E
8 o PR AH X 2R 23 et k0 IS o e D R A A S
P (life cycle assessment, LCA) |, I 5 24 4% S 2k il
NERZ IR W EL IR AN 8- A TRri S0 N vy s AT U
H A, ZH 45 BB AR 7= R m] 5 P15 52 i 0 I A
BN FEIMIETE , Z BT AT ST 32 B4R TR e 1 7 1Y
A i JE A PP B 2 Sl B R A A O R el
B A i TR II DAY b6 45 Rl W e Ak 5 A
PRAE A R IR X B

AR SO REZE HC RO A 7 A I WO R A T R 5
MAPEA I HEA T, H R 1) Bl E B A T2
AT £ T 25 v o BRI 52 W i R R S BB B, A
TR Y I 5 2) o L B ] 4 0 [l i i) £ 1
2 PRBERE |, S [T A5 T2 A R AR PR AR S
PR S

1 #EITE

ARWFFE R, BB £ T2 AR Y A 7 R R TR
FHAY, o T H AT A B2 skt A
KA A, [T 45 T 20 R A 2 7 i e i s
2 ) FH VR SR A [ A 1 3 R S S AR
TSy KAk, S50 8o B nl bk, A< Soxt
BRI T A= 1 kg Foh 45 Sl IR A R0 1m0 i o]
BL LA™ 1 kg 45 Ho ok 00 04 K 547 LCA F
FEO20 I X O R A BR B R o aE AT T 4 b A
XL,

2 PRI REPERE IN R 1 FER , 78 ASE5 A0S T
i £ TC R RGBT, RS 28 T 28 A 7 i A 1) 981
(B,)BFNEHAREAR MY 90. 13% , Brmi 11 (H,, ) 6557

URTEIRI 96. 45% , T KEERERL((BH) ) BB A6
AR 78.21%
®1 =R TREESEK#EEEEERE
Table 1 Magnetic properties of original and recycled

magnets at room temperature

L7 R bR A FAE g A
B./mT 642. 1 578.7
H,/(A+m) 744.930 718.510
(BH) ./ (kl-m™) 70. 794 55.451

AR ReCiPe2016 PFH 5 1k, HAL 35 17 F
Hh ) S BRI RN 2 R 3 Bl 2R 46 IR S i 2 T
FIFH Simapro F 14T LCA 43T, Bl B b i o0k
J5F Simapro #X /4 H ) Ecoinvent B AL 5 Tl
RIS PP SR B 4 ( SinoCenter)

2 BRSO

2.1 HEH&EIZ

HEE A T BRI AR GE T B S AP R 2
RIT, LAl 28 1 kg RhES HORINBER Iy D RE SN, 4R
PN SR G bR B ) 380 ] 2 b 4 B R B R AR 1) 4
R, LS TSR IR A A ECRE A R L TR
Ve ARl TRB BT A R AL B SRR AR, a0
K1 FR

ABEFERG R TR 2 R s PR AR AL TR
B AEREME 5 BRI, W 2 s, R
SRR RRLL BIRORL B BER 2k 5E R R A LS
fa b AR AR T R A R, PO TR R
PRAPI R e R G 4 WA D8 T 3 PRGE TR Bl Kk v i ik
IR AR H B A e B B A2
B BRI . AL DR ER AR MR A
G A TERAS A b THR AT AL AL B | 153
PR R REEE RN . TR TR R A
PUETE S | TR e S TREHI LA — 2 BEAG1) Y B SEUE
PR T R0 P2 2T o B ] A6 TR A 456 HU
1k et A BRI ST /E . 5 B 1 A= i JE 40 B (life
eycle inventory , LCI) 413 2 7R
2.2 EEHELZE

[ g i) 2 T 25— R FH O SR B 2 R B 45 77
BB IO v RGEH AR MBI, LA 4
1 kg FESHCRMN LA T RE AL, A0 5 TR I 4h
BRENBEAR T WSORN 5 45 B RN R A i R i . PR TG
EHCIIN DA B R R R A R — e R
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Fig.2  System boundaries of producing bonded NdFeB
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Flow diagram of preparing bonded NdFeB

AL, IR IEBR 2% B Be 32 22030 L BRA DL A 25 B
RIAY 2 M, KERAPLHBob i TR R
PR BN 2 %o 45 i 1 il — RE AR L S AL, IR I B2 e 5B
FHANH) FEEBREAD (DA 1),
ABEFORE A GARI 73 R RBR ALY %
PR s k) T R AR AL 6 TR,
W 3 B . DIRESAAE IR « il 4 1 kg BEAHHOBK
REAA R T R B T A T SR e B L e

&7 1 kg HESBMREN E@ERE

Table 2 Life cycle inventory of producing 1 kg of bonded NdFeB magnets

TiH iy T P e TR Ak Mt

BB kW-h 5.25 1.24 2.85 1.29 1.13x10"  2.19 x10'

B BT i kg  2.23x107! 2.23x107!

Tk iy kg 5.44 x 10> 5.44 x107?

B A BRI BT A ke  7.57x107" 7.57 %107
AR L 2.59 6.22x107"  1.09 x 10" 1.41 x 10"

IR AR T kg 1.91x107? 1.91x107?

PR Y J5T kg 3.81 x1072 3.81x107?

T T8 0 9 5T 1k kg 3.81x107° 3.81x107°

o PAFENY &= kg  2.07x107* 6.22x107? 7.63x107° 9.72x107?
WA= kg 2.59 6.22x107"  1.09 x 10" 1.41 x 10"

o I AU 5k 0, 25 B AL 4 TR

> YR

%
%/{el

> FhZENAFeB

3 WMl T ARG

Fig.3 System boundaries of recycling and

preparing bonded NdFeB
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BRI o TR TP K BB A B AL W ), Tk
A e R AU —E LU PR SR PR | 1 5 51

IR A) . PR [ Ak T 60 45 #0UE [8 4k | 2 1 Ab
PRAFEME . SEHER LCL a3 3 iR,

R3 B kg HERBTEGEARER
Table 3 Life cycle inventory of recycling and preparing 1 kg bonded NdFeB magnet

T H Hhpo W RKEBEIW RRE T TRA PUERTk Mt
JRIHWERI R ke 103 103
WA TTE ke 3.00 3.09
EBEFKNEE kg 8.24 8.24

HXRKAE ke 7.83 7.83

HiA LB R kg 1.63 1.18 2.81
AR 1Y JoT kg 5.41 x107? 5.41 x107?
PEBBR kg 1.91 x102 1.91 x10 72
PR R o kg 3.81x1072 3.81x1072
THEFINEE ke 3.81x107° 3.81 x107°
HiAE kW+h 6.57x107* 7.74x10™" 1.58x10~" 1.14 1.29 1L.13x10"  1.47 x10'
N, B i & kg 6.88x107° 6.88x107°
CO, My kg 2.16 x1072 2.16 x1072
JEE(R) MR kg 9.89x107° 9.89x107°
IR ke 2,41 x107° 2.41x107° 4.81x107°
WEIRMER kg 3.15x107" 3.15x107"
HAETHE ke 2.62x1072 2.62x1072
Wil ATETINE kg 1.64x10"" 1.64x10""
ERRAYIMBTE ke 2.27x107? 2.27x107?

JEECR) TR ke 1.63 1.18 2.81
TR kg 8.68x107° 8.68 x107°
BETrbim kg 4.11x1072 4.11 x1072
BERRARMIE ke 5.30x107? 5.30x107?
SRR HAFR m’ 1.81x107% 5.15x107* 1.87 x107?
e I kg 1.43x107% 1.43x107°

3 RiEs

AR ReCiPe J7 B AR 2000 2 45 S gk il i) L
el s T2 MBS & T 2347 LCA #7757, R4
PRI Y 0 o D U] 05 T 8 4 Al R I
AR A= P RIS ) 5 T 20 15 PR S I 1) R L
PR W 2 i ( particulate matter formation
potentials, PMFP ) . fb £ fig I #€ 8 ( fossil fuel
potential, FFP) A5 1k (global warming potential ,
GWP) . A 25 9% % £ (human toxicity potential,
HTP,) . A 2&9E 20 J% % P£ ( human non-carcinogenic
toxicity potential, HTP ) H" /= % PR #E 4 (surplus ore
potential, SOP) Al BLGUE MUk 2 25 BEHE R B0

(ecosystem ozone formation potential, EOFP) Jfib2#
SLAEIE B AR A8 B 9 52 I ( human health ozone
formation potential, HOFP) _ ifi 1 2 1k ( acidification
potentials, AP)3X 9 Ff o ] 55 P15 52 i 2 780 F A A
e B 1 % (human health, HH) 4 & & & it &
(ecosystem diversity, ED) . %% Ji #& ¥ ( resource
availability, RA) X 3 P& i PRET401 2 X 245
AN A B R A A I W] 4 T 2 AT PR S e
PEMY . b RD B A B2 5 T8 (USD2013)
IRR AR SR AR TFRA 0 G AT RE VS I 5 2L
A5 B & A BUAS 5 ED BT B9 2R 6L Sk W B AR
(species year) , R ZHE—Hsf (] ] P 5 — XAk
BRGPREZRYIFIA R HH B A 502 A2



294 Jt

R N AN -

2024 4F

FEAm BT 405 5% 1) AF- 2 (disability adjusted life years,
DALY) , iX —J8AR A 27m i SR AN B 15
BRSNS B AR AL

Xof ] R RS 2 DR 10, PMEFP 1) B HE A&
B R 1 ARG TR 1 kg PM2. 5 X PR3 1
FIFRISEIE s FFP ) BAAIARE BUE R 1 A 2 T4
JICT kg IR PR T FC 520 s GWP 1 L7 AR A
MEE N 1 BPARYS THERC 1 kg CO, XTI MUY 52
Wil s HTP, A1 HTP, (A B AR 2 BB 1 & PR
HFRC 1 kg 1,4- SRR IR 20 ; SOP 1 RIS
TR 1 B THERL 1 kg Cu XTGBT 5
EOFP 1 HOFP {4 S MR S8BT AR T

JBC1 kg NO, WS PRI R ; AP AR B Ak 245
(B2 1B FHEI L kg SO, XTERBE IS RS2,
ReCiPe WA A2 ) R AE AL I 70 1 38 T
20 4F(J381) (100 45 (b)) A1 1000 4F (M) AR
SEMARRL 73 S0 LA © 32 S A2 SCRIP- 34 32
3 FRFAEALAERL A SR TR 40 32 SCRBERLT [
MEALIH TR A R E R R R  FF IR, o T
ST PR BRI VR T i R A PRI R, 5 2
XL A AT T A T 0T , 7 P [B] R AE 4
RAEER_ PRI B R T SR AT R T3
S HE BVRFEAL AR . 2 e N T I3k 4 o,
FFP S JERE KRR TR IR = AL R M i A

*4 HESBLSERNELETF
Table 4 Midpoint to endpoint model conversion factor
ED/
A nESii] HH/ species year RA/
DALY USD2013
Fifi AR R RS WRIKEB RS
PMFP 6.28 x10°*
GWP 9.28 x107’ 2.80 x107° 7.65x107"
HTP, 2.28x1077
HTP, 3.32x107°
HOFP 9.10 x107’
AP 2.12x1077
EOFP 1.29x10°’
SOpP 2.31x107"
FFP 7.92x107"

3.1 EESF&IE

B A A R R A Hp ] S R B R W R
fEgERANZE 5 iR, SOP Xt 7= W IR FE IR 155 1l Y
VN, L2 IS R B B otk , i L6 99.97% ., 15
SR Bext 9 ] s i 2 A e iy 55 A 8 Bl 2
IR BRI IR R (1 L 56. 85% ~65.50% ) , Hik &
PR FEAL BB (5 1 23.05% ~28.68% ), AT #F
— X R AT B, TR T A5 IR R DL AT
REUEGT Hp (] AT IR EE 52 i A0 1) p ik, 25 SR an &l 4 o
No SOP EZE =4, 5tk 94.40% , Hifth 8 4>
a2 R E A (5 44.75% ~
56.03% ) FEr (1 42.25% ~52.29% ) 774,

BRI T A TR T, X IR 5 0 i K A O
Wi BRI R B B B T A 7 T R R ER

JEAPRE . U R AR Al b AR 7 A e i o ] 4
IRBE M | 2 T BUE R O Bt Sz T 1 il e PR
e ) fe L B S R 22— 53 A, L T I () 422 R 5 5
W2 T T 2 R R R e Y i

L A8 FE S B i AR A 2 sSURRIE AR5 2R I
2 T RS PR SE R ) DTRRIE L W3R 6 TR, 45 R 3k
W A0 2 T4 1 kg ZHES S0P A HH  ED
1 RA MYEREE 4354 1. 02 x 10 *DALY 2. 00 x
10 species year 1 1.19 USD2013, PMFP F1 GWP
X HH FR3E 52 i K, 3900 5 b 60% F1137% . GWP
FAP X ED 5520 55 K, 43 901N 57% F1 32%
RA LI FFP F SOP i sk, i T 54k
W3 v S AR ) A 7 R A T o 1o Rt 2 3 B
AL A S IR AE, FFP X RA BY STk 86% ,
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Table 5 Midpoint characterization results of the production of bonded NdFeB magnets

A P ek wnfk HExa PIE [ 1l Feit
PMFP 5.92x107? 2.92x107° 6.70 x10~° 3.27x107° 2.65x107° 9.85x107?
FFP 5.17 2.58x107" 5.92x107! 3.60 x107! 2.34 8.72
GWP 2.66 x 10’ 1.03 2.36 1.25 9.33 4.06 x 10"
HTP, 1.19x10"" 5.04x107° 1.16 x107° 9.48x107° 4.57x107° 1.91x10""
HTP,, 4.77 2.68 x10! 6.15 x107! 3.45x107" 2.43 8.43
sop 4.86 x107? 2.03x107* 4.88x107?
HOFP 1.15x10"" 4.72x107° 1.08 x 1072 5.30x107° 4.28x107° 1.79x10"!
EOFP 1.16x107" 4.72x107° 1.09 x 102 5.35x107° 4.29x107° 1.80x 10"
AP 1.84 %10 8.63x107° 1.98 x107° 9.56x10° 7.83x107? 3.01x107"
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Fig.4 Contribution of each resource of the production of bonded NdFeB magnets to the environmental impact of the midpoint
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Table 6 Endpoint characterization result of the

production of bonded NdFeB magnets

FREE 5 HH/ ED/ RA/
eSSl DALY species year USD2013
PMFP 6.19 x107°
GWP 3.76 107 1.14x1077
HTP,, 1.92x10°°
HTP, 6.33 x1077
HOFP 1.63x1077
AP 6.37x10°"
EOFP 2.32x10°"
SOP 1.74x10""
FFP 1.01
Bt 1.O2x10™*  2.00x107’ 1.18

SOP %} RA HYTTRR N 14% .,
3.2 EiHEIZE

DS i) & T 2000 v ]SS AR R M R e A 25 SR n
7 FiR, ZBA P X SOP HTP,  HTP, GWP,
FFP o1 ik i K, 43 4 & bk 90.70% | 73.32% .
82.67% . 45.66% . 47.92% . # JE [ 1k % AP,
EOFP HOFP  PMFP 5% ik £z K, 43 %1 o5 Hb 53.65% |
48.56% 49. 80% 45.72% , A T HE— %k rp ] 55
HEAT A0 AL T 45 JEADRE LA R i FH RRIRORT H ] 6 2R
BEs w2 i iy ok, 45 R i 5 s, AR FR AR T
SOP HTP, HTP otk K, it 64.56% ~79.08% .
HLX] AP EOFP HOFP .GWP PMFP, (5 [t 49.86% ~
69.99% , FFP FZE R REN (5 Lk 26.28% ) L1
(5 33.75% ) B (5 HE 38.17% ) F=Ae,

IS £ T 20 TR b, X A 35 5 i e K 1) K
B Bl R BRI B BRI R EE B B, % T 20
TR LUE THRh S5 Bk i R A ol skt #E 2R 7 i B rh AN
BAMNRINGG LT, FERBRA G Bl K ik
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Table 7 Midpoint characterization results of the recycling and preparing of bonded NdFeB magnets
M5 Wi FHEIW FERM T TR PIEEE jsSan
PMFP L.54x10™*  2.33x107% 1.9x107° 2.68x107° 3.27x107°  2.65x1072  579x1072
FFP 1.36 1072 3.83 1.22 2.37x107"  3.60x107" 2.34 8.00
GWP 5.45x1072 1. 12 x 10" 1.70 9.45x107" 1.25 9.33 2.44 x 10!
HTP, 2.67x107™*  4.63x107"  3.68x1077  4.73x107° 9.48x107°  4.57x107%  5.60x107"
HTP, 1.42 x1072 1.08 x 10 8.81x107"  2.46x107"  3.45x107" 2.43 1.47 x 10
SoP 3.23x107% 3.11x10°° 2.03x107* 3.56 x 1072
HOFP 2.50x107™*  2.80x1072 4.04x107°  555x107°  530x107° 4.28x1072  8.60x1072
EOFP 2.50x107™*  2.90x107%  4.56x10°  6.31x107°  5.35x107 4.29x107>  8.83x107*
AP 4.57 %107 4.43%x1077  5.47x107°  7.93x107° 9.56x10°  7.83x107?  1.46x107'
WF IO W TK mRERY mE kK MR mETE mpSER WY MR M
AP . |
EOFP
HOFP
= SOP .
’é HTPnn . |
i HTP, :
GCWP
FFP s |
PMFP 1 1 L [ L L L L L ]
0 10 20 30 40 50 60 70 80 90 100
REVA 7 b /%

5 Il o 36 45 Bk B A 25 W OGP 18] s PR S5 52 W ) ik

Fig.5 Contribution of each resource of the recycling and preparing of bonded NdFeB magnets to the

environmental impact of the midpoint

AR LA AR AR 7 A v i 1y ]
FEIREE R W R B R A VI B SOaZ T 28
WM R EE RNz —, 5HER & T 208
AR, B %) )42 R 5% 52 it 2 3 B ml i 48 T2
AR Y LR

[ 28 T 20 M 28 R RRAE AR 25 SR B A% o ) 5 30
BER MR A STERIE DL AN 8 Fr/R , &5 SRR 1 kg B4k
BRI RE RS R HH ED 1 RA (19 FREE 82 0 43 5]
4 6.44 x 10 ° DALY . 1. 11 x 107 species year #ll
1.88 USD2013, PMFP #i1 GWP X} HH 1% 5 i 4%
K, 005 57% #135% . GWP % ED $R5% 50 fix
K, di b 62% . RA 52U FFP Fil SOP 4§
BTk, BT PR R R AR R AR LR
1 % SOP, At RA JL-F-43#H FFP =4,
3.3 ITLbsr#R

FhES R A 7 B 2 T2 R il 86 T4
(%) F ) A 25 SR L 36 9 From | B4l & T

F8 MUHEFERGMBEAHL ISR

Table 8 Endpoint characterization result of the

recycling and preparing of bonded
NdFeB magnets

A8 Al HH/ ED/ RA/
S| DALY species year USD2013

PMFP 3.64 x107°

GWP 2.27x107°  6.84x107"

HTP,, 3.35x10°°

HTP, 1.86x10°°

HOFP 7.84x107°

AP 3.10x10°"

EOFP 1.14x107°

SoP 8.23x107°

FFP 1.87

Bt 6.44x107°  1.11x1077 1.88
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2.1 PMFP FFP . GWP_ SOP HOFP EOFP AP /71
TE X2 S v= A0 e =i 1 1 g 1 S
ZAE HTP F HTP, 5 T 77 A 1 0 58 5 Wl W 2 T L
el s T2, 2R PO 1 [ & T2 i R il
AT RERREN | L BERR A=
R 2HIZRENEHRFEESR
Table 9 Comparison of midpoint characterization

results of two processes

Al NEEZ 3 iIR<Sib] @ IE=3i] /A

Bl IR (A) S (B)
PMFP 9.81x107? 5.79 x107* 58.77%
FFP 8.70 8.00 91. 66%
GWP 4.05 x 10" 2.44 x10' 60. 22%
HTP, 1.89x107! 5.60x107" 293, 66%
HTP,, 8.47 1.47 x 10" 174. 03%
SopP 7.16 107" 3.56 x107? 4.73%
HOFP 1.79x107" 8.60 x 107 48.03%
EOFP 1.79x10°" 8.83x107° 49.17%
AP 3.00x107! 1.46 107! 48.57%

Xof R A A A A o) 8 T o] 8 P 2 A5
IR E ST L, &5 R A 6 s O3 3 45 Bl gk
IR I £ T 24 SRR E R N 1), ik
1 kg FHESERERINREIA , ELEE 4 T.22%F HH (ED \RA
YR 5% 01 5 43 il 02 81 0 i) 45 T8 A 158.40% |
180. 63% .63.37% , Ml Fs T. 2/ RA JL-F-43
M FFP STk, 10 E4% 0 4 T4 09 RA H SOP il FFP
I TTHL, IO HH AT ED AR 85 31 F 50, 1
il T2 RA MREEHIF T/, Wil & T2
BRI P B RN N &R T E, AR
R IR FE VR (g AR v R (R Ak 2 Al
A B R B REIRENE | S BRI T TR

200 - WEERA m R &
& 150F
et
17 100}
HH ED RA

EALES
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