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Popularization of HEV
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Salt obtained after the extraction exp.
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Experimental result - alloy

Table Change in mass and composition of Nd-Fe-B alloy.
Conc. of element jin

Reaclion Reaction Mass of alloy Mass of alloy

Exp. temp., time, beforeexp., after exp. Ng ':;Bs;:,‘::j'
TiIK  t"/hr Wyl 9 W oy /0 Cus Coy
initial _ — = = - 263%= 49=
#1 1273 3 18.97 15.94 9.4 23
#2 1273 6 19.68 16.45 5.9 241
#3 1273 12 14.97 11.51 3.3 0.8 7
a: Determined by ICP-AES analysis. decreased

A,

Wi alloy
REE content ratio, Rjae¥/alloy = ———— x 100 (%)
W,- , alloy

WY 4y ¢ inilial mass of element  in alloy
: mass of element / in alloy after exp.
i :Nd, Dy

REE content ratio, R32!loy/alloy

Change in composition of the magnet alloy

= The magnet alloy was immersed into molten MgCl,.
— Concentrations of Nd and Dy decreased.

Table Change in mass and composition of Nd-Fe-B alloy.

<100 T T T
Boagd I\
N .« Nd ]
5 80 f . .
5 D
e Y 1190 % of Nd and
\
et g} 1187 % of Dy were
g, [0 1 removed
i . / after reaction
§ 20 k -.i"“"—..__ ||for12 h.
w oo + -
W, I P T
0 3 6 9 12

Reaction time, ¢’/ hr

Fig. Change of REE content in the magnet alloy.

Reaction Reaction Mass of Mass of Canc. of element jin the alloy, C;
EXp. omp.  tms, Nd-Fe-Baloy tfl;e alloy (mass%)s
ol n,,  beforeexp, afterexp.,
TIK t'lh G Cwg Co  Cre | Cus | Coy |
initial - - = - <0.01 137 66.7 | 257 | 496
1-1 1273 3 18.97 15.94 <0.01 126 86.3 10.0 | 2.46
12 1273 [ 19.87 16.45 160 137 881 6.57) 2.32
1-3 1273 6 18.69 14.71 169 130 913 4.07) 161
1-4 1273 12 14.97 11.51 072 130 934 3.69) 0.91
1-5 1273 12 19.63 14.58 135 159 945 1.97] 055
a Detormined by ICP-AES analysis. Decreased !

Nd and Dy was removed from the magnet alloy.—l




20105£10H26H () ﬁﬁ@

RERRRATLEVRAEN
(&%)

Change in composition of the salt XRD patterns (Extraction)
= Concentrations of each elements in the salt * Nd-Fe-B alloy * Salt .
] i (a) Initial. ONd ,Fe, 8 PDF#39.0473 (@) Initial. % MgCl, PDF#37-0774
—Concentrations of Nd and Dy increased. PDF#06-0696 * NdCl, PDF#12-0785
" = ‘
—Concentrations of Fe and B remained low value. = ¢ =
Table Change in mass and composition of the salt. s o g L'\.\l
Massof  Mass of 2 hi i o 3 ‘ ‘ [
Reaction Reaction Conc. of element i in the alloy, C, (mass%) z 2
Ex0 omn. fime, MiCh thesall G | (b) After exp. (1273 K, 6 h) G | (b) After exp. (1273 K, 6 h)
No. Tl'kl !"t‘l:| before exp., after exp., . Ircs o T _u:_:, . S % %
Wige, /G Waanlg Cug" | Cd wo' | G | Coy = £ *
initial - - % = 253 1 0,04 0.044 002[<001 . T g “
141 1273 3 26.85 1978 224 ! 001) 0.784 135 | 217 e L ,l ol f=lo fe_offe ¢ (e ¢
12 1273 6 3007 3084 201 j<0.01) 0134147 | 202 ; ; f : ; :
13 1273 & 28.65 2912 209 1<0.01y 0.46 § 12.8 | 240 10 30 50 70 90 10 30 50 70 gg
14 1273 12 23.21 1578 154 1<0.01f 0264 21.3 | 370 Angle, 26/ degree (Cu-Ka) Angle, 28/ degree (Cu-Ka)
15 1273 12 3189 2076 165 ' 0011 1.054 156 | 337
a. Defermined by ICP-AES analysis. s
b: Determined by potentiometric titration, Increased ! z
2 Nd (s) + 3 MgCl, (1) ~ 2 NdCl, () + 3Mg (/) AG =-151.7 kJat1273 K ]
Nd and Dy were selectively extracted into molten salt.
43 50
Extraction ratio of the elements Vacuum distillation of MgCl,
. . W, qar MgCl, + NdCl, [NdCl,
Extraction ratio, R; = ———— x 100 (%) R 5
Wi Nd-Fe-8 '
g A0d i N T .‘_7 W, san :jn‘\ti:l mass of element / : 2
= ol 4 ] in alloy v
g b . W, na_rog - Mass of element / — —
E 60 [ i 2 1 ' in salt after exp. 20 mm 5 10 mm
k= . m:Dy i : Dy, Nd, Fe,
E 40 5 o:Nd |1 t ¥, Nd, Fe, B o ocoo0ocoojoooococodo
-] e :F
% wl e | {°F o
w ! L ocoocococdopopooosoohpe
o 0 % i %
o 3 6 8 12 15
Reaction time, {*/ h 500~900 K 1050 K 1273 K
7 A Fig. | i istillation.
Nd and Dy were selectively extracted into MgCl,. I9;Samples obtained aiter.vactum distllation
51 52
Dy-CI-O%. Nd-CI-ORFERRT v ILE Dy remained in the crucible
Dy-CI-0 system, T= 1273 K Nd-CI-O system, T= 1273 K 0 T T
0 T T 0 —: Dy-CI-0 system,
T=1273K - Nd,O,(s)/NdOCI(s) eq
E o
_ R i B aybien, | S0P = Ndocwi\guucurneq
£ L 4 E L i Te1273K (ngcs, = 1)
3 10 210 g Dy, 04(s) {53
] ] g ¥2Usls F—— NdOCI(sYNdCi,(/) eq
2 Dy,04(s) = —:Mg-Cl-Osystem, [ & Nd,Ox(s) o] (4 =0.1)
g g T=1273K & !
€ 20 - B s 20 = 3
= =3 o f
2 2 e
2 2 =
B & £
< a0l - 5 a0 - g A |mEE.- gk
£ DyCly(1) 3 NACl,(1) 5 ARHIZEE
& ¥ 2 - B w—L sl =
H wk - N § o i Dy can be existas | & 15
g i =] & Dy,0; when the z;‘[‘)) : %‘ SHLLE:
o) | & Nd(s) activity of NdCl; -50 —
&5 \ L P ZIU :u . is smaller than 1. 0 ﬁ%t yMgCIZ(I) eq.
30 20 -10 0 a0 - 2 y
Chlorine partial pressure, Iog pc, (atm) Chlorine partial pressure, log p,, (atm) Chilorine partial pressure, log pcy, (atm)
53 54
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‘MO

BMMgCLIZ & i tHRERDIER

AL BB ENRER(EZ2RE)

MRS ORBRNS: XRDAH DEERMS: _ -
Extraction ratio, _. [ salt obtained after exp. (1273 K, & h) UM EIRE R SR E OBIR
R = —s 100 (%) i #MgCl, PDF#37-0774 RESOANKY A AHRAOREY
T = * NdCi, PDF#12-0785 1A 1-B) | [11c)]
=1 Lni\%)

Wi sait : mass of element / E +

in salt after exp. 2 . = vodooooocofoocncodons

il ; E (I G A g Vaguum } e —
W, na-re-B : initial mass of element i = =leje elle ¢ (24 — B EEhoEE

in alloy 1 L L 1 r oo ooouTu anrn ) . b
=100 . L e l 7 f T 1-(A) 1500 K ~ 900 K
g » Angle, 28/ degree (Cu-Ku) B A W T M T
& 80 v .- ek ol | BT | 1-(B) : 1050 K
o0t ‘_“, — 2 Nd(s) + 3 MgCly(/) = 2 NdCly(/) + 3 Ma(1) .;_ o 1 Php—
g0 s o Nd AG' =-151.7kJat 1273 K £ sl ]
g 55 a 1;;5 i 400

ikt —_ 200
00 3 6 g 12 15 eﬁqﬂde‘ Dy 'i‘ MgCIZq:L- E nﬂ 50 100 150 200 250 300 350 400 450
Reaction time, {"/ h gma{”":}m tﬁéht‘: Distance from the open end of quartz tube, L/ mm
55 56
=t Sl
EEEY (htnv o XRD/3%5—>
SRT1-A) EwE) [EEm1-C) AR ~ 300K | [+ oo s R
G : 7 a o : MqCl, #25-1156 -

BT T8

br- L .

20 mm 5mm 10 mm
N cccocoohonoooscade

£ — Z]

uuaoouejumcnu

500~900 K 1050 K 1273 K

Fig. Samples obtained after vacuum distillation.
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o : NACl, #120785
¥ : NdOCI #08-0046|

MgCl, + NdCl,
@ RIS OEEY 148B)
{F = prewy |
: NdCl,

Intensity, 7 (a.u.)

@miHiBRO®EY 1-(C)

NdOCI

Angle, 28/ degree (Cu-Ka)

MgCl,Z i IR A L LT-REBDFELD

w R
s FLETEORIRMFHICEKT)
= 5B EIUNEER
o RE|IOMgCLZEMRET HIEITHTY
s NdCLASRHEERFLTES)

MgCl, + NdCl|  [NdCl,| [NdOCI——|NdOCIE R, |

acutm [~ o
v-q=| —F ! | EOmRE K
v uouoo=°1ﬂt_ﬂj°n°° HREALEZLND

500~900 K 1050 K 1273 K

BRBIUEE

| #HLOUSroLEHORR(ED2) |

ELTO4=2

w BRZNLERALER L ETERRT O LR

1 F|E] -
m HALT

2 Nd (in magnet alloy, s) + 3 Znl,(!) = 2 Ndl4(/) + 3 Zn(J)
2 Dy (in magnet alloy, 5) + 3 Znly(/) = 2 Dyls(!) + 3 Zn(l)

10
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&8 |

ZnlL,Z#FIALI=HF L ExHEOEINEER
s HAEEEENEL. BMZNLITRE(TI0K, 12h)
n JoNIREEREMERZERICHEHT SH(1073 K. 1h)

SROFRS __HAROREH
2W) 20 2.(v)|[2:2)]

B AREhoBRE
2-(W): 410K ~ 640 K
T LG OT T T LT T | 24X) :500K~ 640 K
JOF IS R IO [ O |

| 2-(Y) : 920K

|

24Z) : 1073K

cocpoo

K
2
H

Temperaturs, T/
&g
3 S

50 100 150 200 250 300 350 400 450
Distanca from the open end of quartz tube, L / mm

RERRICEIRSh-EH

2w [BEs2-00] HR2-() [EEN2-2)

410~640 K 920 K 1073 K

Fig. Samples obtained after vacuum distillation.

62

XRD/52—2

T T T
(al 2-(W) (410~640 K)

o:znl,  #10-0072]
4+:Zn  #04-0831
a:Ndl, 5, #13.0170)

J\LI':.L]]_L 2 o % Znl,

(h)z-(x;'mlo-sm&() ; [Pt Top 2 1) 2‘.()()
3 .
w ‘ L 1 = <l
+ L+t | I ; Zn
2 - RGOSR 2:(Y)

TF —= )|
0 Nl 5

RIGH DR 2-(W)

Intensity, [ (a.u.)

20 80 S0
Angle 23:‘ degree (Cu-Ka)

63

HHW®§§¥W2 (Z)G’)"ﬁﬁ%

ol (a) 2-(Z)

i
|
Obtained residue 2-(Z) I
|

[ leaching by distilled water |

e

Dissolved portion Residue
s after leaching /

*:Fe  #06-0896

-JL WJ_AJ_M,_M:
(b) residug after leaching

Imanm'ty, I ({a.u)

20 60 90
Angle 23.’ degree (Cu- Ku)
Tabla Mass and composition of the dlssolved portion and residue obtained after
leaching by distilled water.
Weight or
Sample name the

Cone. of element i in the samples, C; (mass%)

wig Ca® Cg* Cre® Ch® Co* c°

Obtained residue: 2-(7) 1.09 0.26 0.70 46.5 18.1 3.54 30.8

Dissolved portion 0.34 0.11 <0.01 0.62 289 1.41 68.8
Residue after leaching 0.75 0.32 1.18 79.8 9.07 4.07 5.52

a: Datermined by ICP-AES analysis.
b’ Daterminad by potentiometric titration.

64

ZnLZHHIERELIZEROELD

Znl; * INdl, g5 |2- [2-@)----- - Obtained residue 2-(Z

Leaching by
distilled water

coRjgoocolp cnu ocooqoco

{LE

odooocoopododon oo o

410~640 K 920 K 1073 K Dissolved Residue
portion  after leaching

t
2 Nd(s) + 3 Znly()) — 2 Ndl,(s) + 3 Zn()) Nd, Dy Fe-B
AG" =-472.0kJ at 740 K

+ Znl, = &A% £ TR DR A A
« Ndl, o E FHEE AL THIEL . BT 5T LA

RERGEROELD

» JBREMQCL,. Znl, ZFIAL=HBRRIFyT M0
FEEXFEOEIRICDULNTERET
w SRR
o TBREZERLVTNG, DymRIRE M FFEEL 1=
u - EIREER
o MEERICL->THRHOBBEFESIRESA:
o FLHECSHAFRAENLEEICIYEIRShT

BREEF I EROMBEELLTHAL,
BEOLNYAZLTOEREREST L LN T RETHD
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MgCly(g} + NdCly(g) + DyCly(g)

T: High T: Low
0000pPOOOCOOROOEO

fa¥E
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SHICIFEBORISVIRENRATIRD
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R FEEEEEEEE EEE BREARANT. HAERISYTMDS
‘ ‘ lMagnf‘:l scrap I\?ldclz(s) + DyCly(s) Nd‘ Dyiﬁﬁﬁu?éjutzw
Fig. Schematic illustration of novel recycling process for magnet scrap. ﬁf&]ﬁ’&%ﬂbf'z
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