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Purification of rare earth salts by hydrometallurgy and development of novel
recovery process by electrodeposition using ionic liquid

Matsumiya, Masahiko

10,500,000
Raman
[Nd(TFSA)5]2- EQCM
Nd(111)/Nd(0) 3.4kg
>99.9%
4.07kg( >96.0%)
Nd :2.505¢

From a fundamental research, it was revealed that the solvation structure of

rare earth complex was [Nd(TFSA)5]2- by Raman spectroscopy. Moreover, it was found that the
nucleation process was changed from instantaneous to progressive process by the alternation of
overpotential. The reduction process of Nd(111)/Nd(0) was also clarified by EQCM analysis. From an
applied research, a series of process consisting of pretreatment, hydrometallurgy and
electrodeposition using ionic liquid was demonstrated that the separation factor of Fe was >99.9%
and hydrometallurgy with high solid-liquid separability was established by introducing a seed
crystal method. Finally, a series of experimental results were contributed to the purification
process with high purity, because we can recover the rare earth salts of 4.07 kg and the purity of
rare earth was >96.0%. On the electrodeposition process using ionic liquid, we can recover the
electrodeposited Nd of 2.505 g by potentiostatic electrodeposition.
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8 1000 3825 81.7

(2) 7 THAPEIRTE D 53 W FBUFRHT K OZAE %
S FEAT
Raman 43 YE{EIC K 2 Ay T HASE R O A AR AT
Ay T EABEIRTE D 43 I FEAT TI Pr(1l),
Nd(111) & % Dy(I1) D [Pazps] [TFSA]HIZ BT 5
Raman 7 L o —fillc -3 % | LLUFNIZEER
4%, Fig4 |2 0.23~0.45 mol kg® RE(I),
(RE=Pr,Nd,Dy) D #RE) ¥ 720-770 cm* 12 851) %
deconvolution 2L % @ Raman A7 k)L %R
L7z, 740 cm 2 OY 751 ecmr! @ band 1% free
[TFSA]'H L < 13 RE3 (RE=Pr,Nd,Dy) & ¥
FL7= [TFSA] @ 85(CF3), vo(S-N-S)#EHH Ik
SLbDTH D, Figd OO REFD
BERINC L, free [TFSA] OFRE 1T L,
i TFEA A L EREERD U 72 [TFSA] O 58 1%
BRI 5 NI S,

(a) free 8,(CFs) (b) free 8,(CF3) (¢) free 8(CFs)

V.(SNS) V.(SNS)
| f—— bound

TV

; )
720 730 740 750 760 770 720 730 740 750 760 770 720 730 740 750 760 770
Wavenumber /em ™' Wavenumber /cm ™ Wavenumber /cm ™

Fig.4 0.23, 0.30, 0.38, 0.45 mol kg™ ® RE(III),
in [P2225] [TFSA]@ Raman A~X7 }‘ J
(@ Pr(l11), (b) Nd(111), (c) Dy(l11)

A THEOT R TR T 5 [TFSA] D % (7 B Fn
Hen)lE, crfew (2T 5 lilew plot D E KT
Gl h 7> 5 R L 7=, sope analysis Z 17\, RE3
~ODO[TFSA] D IEFIE - n A B H L5 R.
WIEFEen=5 TH 2D Z EVHIA L, i,
[REUY(TFSA)s]%, (RE=Pr,Nd,Dy) DS RE
T D EDRHLNE ST,

A L REBEAR OB A RSB R AT

Nd(I11) > CA JHIERE R & B2 A R 8) % fif
B U756 % Figss 1R, 2 FRE O R4 % 8
(2B 2 B AR XL T ORXZ A LT,
Instantaneous:

(i/jm)?=1.9452/ (t/t){ 1-exp[-1.2564(t/tm)]} 2
Progressive:

(iljm)?=1.2254/(t/tm){ 1-exp[-2.3367(t/tm)?]} 2

18 HEF-3.40V Tl Instantaneous O PRI
REHFE LW, £/, BEFELY EHSET7-



%6y, Instantaneous 7> 5 it L Progressive fil]
WCBATLTW ZERHALMNE ST, T
IXBAAT HER I B W CGREEIC L A
AN DD T, BT ONTHHIEREICZ S
WETLZLERBLTND,

10k instantaneous |
----- progressive
340V
0.8 350V
-360V

L L L L | L
0 2.0 4.0 6.0 8.0 10.0
tty

Fig.5 Nd(I11) D EZ A pR S B AT 5 S

EQCM HIEIZH\\N T, HALERE Y720 DK
BRI A~OEBEMIm 2L > TAEL 5 EE
BB AT 1T, B INE B2 L Am 2B L
Sauerbey DXL > TEENB,

Af=— 2f2AMVA(gpq) V2

Z 2T, fodREWR S ABEMORE,. ug
IKEE DO TTWFHAIESR | pe /K DBEETH Y |
Table 1 (ZAHFE T D3 F 4tk % 51126 LT,
Fo, BUNE RIS S BB LAy
DSt BRI O BMREORE Dy L5
FEp SBAH DIEAL, N 0 | EERO E K
AL AT I OFI(Af=Aft+Af,) TR EN D,
R A A U IRAR & BRRIR & T D86, RIS
BT, A, OBENEE LD,
Afy=—fo¥X(Anplmpcpe)

fthfih=X EQCM T 4R JE I Fef & SHRIKPTR
Z RIFF B 2 Z LT, SHEEPUL pp
EDOJTRNFEFHIZ BT, (gp) 2 iclepliL, &
KTERIND,

AR=A(2xfoAnp)Y2IK?

Z 2T, kEXKHEEAEGERTH D, A5
DOREFH T k=0.022=+0.004[-] DHLFAN T H
S22, BE L Newton iR ICHES 5 %5H)
oY 2l Rl LT,

0.05M Nd(II)IZ%f3" % CVIEQCM D F %
Fig. 6 (2”3, Nd(I)HEROXE % R8T 5
7o, B8R & L C neat [Pas|[TFSA] % H
WCHIIE L7z, Fig. 6(0)NIZFEE TV 53K
flElx, BB D RT D5y B:Mgp TH 5
WoNERZ: Am, FEEBERKEAQ KT 7
T T —TEBF M5 Mapp=FAMWAQ DFHHIZ X
D Map ZFLIHTE | RIS DRIE & FOGHAD
HEENFIRE L 72 D, AWFZED HRYTH 2 &R
BN+ 3e—Nd(0) 23 BEAR A (S 11 T
T DA, Map= 144.3gmolt IZAH% 5,

3.0 -20 -1.0 0 1.0
Potential E/ Vvs. Fe/Fe

Fig.6 CV/EQCM analysis for 0.05 M Nd(I1) in
[P22s][TFSA] at 373 K with 2.0 mV s?,

(@ voltammogram, (b) Am (Each vaue
indicates Mayp) and (c) Anp

Fig. 6(a) & ¥ . voltammogram T|X-2.8V (2%
WT, BB CEI B — 7 BRI S iz,
F7-. Fig. 6(b), (&L V., -28V DiETE—7
T AmEIN & Anp WD Z [RIRFICfE D 2 &0
RS-, Z0OLXOM/NEEEINTIE
Mapp=140.4g molt & & = 4u, Nd(111)/Nd(0)
MEEICEE T AHA0OmMETH S
1443 g molt IZIEVMETH - 7=, F72. App
X BRI TO NI E O ZE &2 K&
<EBELTERY . N(I)/NIO) D BT R i D
HEATIZ K0 TS T Nd(I) 23 HE S
NIl &2k D g HOWAZEWRT S, |
FLOREF X0 . Nd(I11)/Nd(0) ™ % 7t 5t 1%
Raman 43 615 IT K 2 U IR 18& o AT G 2R
EHDLETHB LG A, LR TERIND,

[Nd")(TFSA)s]> + 3¢ — Nd(0) + 5[TFSA]

(3) BEfEiA 1~ & O BRI T I M Oy + e &[]

X7 v & A0 AR

FEETED 1> © OIR A NGB OB fiF AR

FEBROFERGAT 28 L. AiTALEE TR TRk
Wekn % 3.4kg fERL L7, WRICERVE M TR ClX
7 X Rig14.20 ZEHA L, Nd & H5$=92.0%
F CTHEAT X H 7z, BLERALEE TiX RE(OH)s,
(RE=Pr,Nd,Dy) % (LAl & L CaE L.
hematite ZfEfEaL & L CRIF+ 52 & T, Fe
TBEFR>00.9%0L ETH Y | T MRS A



7T R DB N ER TX 72, Bk
FLZIEY U 7= 1387 X R 4.07kg (R
>06.0%) Cd v | 3509 /batch LL b K&k L
ERIE LD BAE A K T X T,

FEMEHT H TR T m B E-3.25V 2B\ T,
EBN BMARR A JEhE U 7R R, ERE s
BRI e i 2R LTz,
FER R E:7000C (2% LT, Nd [AY &%
25059 T o 70, HEE(L)H R L7-E
Zh 1% 92.6%(anode), 71.8% (cathode) T & ~ 7=
7o, R W BRI R A HERF T 72,

Nd BT D e 2% 1 J& 7> ©-0.25um, -1.70um
DIRSNET XPS HIEEITo TR, &8
Nd | 980.5-981.0eV | peak % /= U, f{t#m »
A, 981.7-982.3eV (THifET 5, ARBRDE
Hr# 1% Nd3ds, 7 peak top 1% 980.7eV T -
7oz -1.70um DR SALE T Nd )88 T
HDHZLEHERTET,

5. ERFEERmMILE
CHERERm L) (Rt 8 1)

O e IEZ. KHE k. EE BER, M5
JL . Spectroscopic and electrochemical
anadyses for neodymium complexes in
potassium bis(trifluoromethylsulfonyl)amide
melts . Journal of The Electrochemical
Society, #FiA. 164 %, 2017. H5230
—H5235
DOI:10.1149/2.0361708jes

@ KH %, Ry EZ. #E k1.
vaE B, M5 . Investigation of
electrodeposition behavior for Nd(IIl) in
[Pao2s][TFSA] ionic liquid by EQCM
methods with elevated temperature .
ElectrochimicaActa, £t . 222 % 2016,
20—26
DOI:10.1016/j.electacta.2016.11.038

@ KH K, 2% EZ. [uE FK, HEH
YifE, )1l . Purification of rare earth
bis(trifluoromethyl-sulfonyl)amide salts by
hydrometallurgy and electrodeposition of
neodymium metal using  potassium
bis(trifluoromethyl-sulfonyl)amide melts .
Separation and Purification Technology, #t
AT, 170 %, 2016, 417—426
DOI:10.1016/j.seppur.2016.06.044

@ ZER BARK RAE EZ ME WE.
Solvation structure and thermodynamics for
Pr(111), Nd(I1l) and Dy(Ill) complexes in
ionic  liquids elevated by Raman
spectroscopy and DFT calculation, Journal
of Molecular Structure, #Fif, 1125 %,
2016, 186—192
DOI:10.1016/j.molstruc.2016.06.059

® MR k. e EEZ, MR B3R
EIE B Ml 2. Investigationinto
applicability of EQCM methods at elevated
temperature for ionic liquids, Electrochimica
Acta, #r@tf . 194 %, 2016, 304—309
DOI:10.1016/j .electacta.2016.01.233

©® e EZ. EM . #ME wE.
Analysis of coordination states for Dy(ll)
and Dy(Ill) complexes in ionic liquids by
Raman spectroscopy and DFT calculation,
Journal of Molecular Liquids, & #iA. 215
%, 2016, 308—315
DOI:10.1016/j.mollig.2015.12.049

@ k= EZ. M i M WwEZ.,
Self-diffusion behaviors of ionic liquids by
MD simulation based on united-atom force
field introduced charge scaling by ab initio
MO simulation , Journa of Molecular
Liquids, #E@cfi. 203 &, 2015, 125—130
DOI:10.1016/j.mollig.2014.12.045

R Bk RE EE. s .
Solvation and electrochemical analyses of
neodymium complexes in TFSA-based ionic
liquids dissolving the nitrates synthesized
from spent Nd-Fe-B magnets, Polyhedron,
#Fef. 85%, 2015, 888—893
DOI:10.1016/j.poly.2014.10.019

EaRER) G2

O BE EE, ST X DA TEE M
L& A A L ARENT OEH#EI L B A H2E
& @ ORI B3 D F5E, Rk 29 4R A
A RIRAGES . 2017425 H 25 H

@ g EZ, JIIE &, BEHE A 4
TRAREBAT OEHE T K 5 7 TR
BAFS . PRk 28 AR AR ZR) IR O-5< D
Wiz Wia>. 2016 4F 10 A 25 H

(F#E) G114
D MmE EE, v—x A —HE. 4
AR TR B RiTAR & fh 328k 2016, 335

(P 3£ A PEME)
Oty GE 140)
ZFR A TR ORI E K O L 3ETF#
DA
FRWE REIEE. I EE
MHERIFE - ENTRSHE ANBRIRE N K, DOWA
K=n7 v Akt
FREE « Frr
H5 : FFEFRE 2015-113450
HEEEH H : SER274-6 A 3 H
ERNs DR EN

6. TR

(D) WFgefREE

e T (MATSUMIYA, Masahiko)
FRIRENT KT « REFEBEEREE I T ZePe - #E
oz

9243 5 : 00370057

(QHFgEsr A
Wi T2 (TSUNASHIMA, Katsuhiko)
FOER L T2 & & P AL - A b
B - Bz
W5t 2# © 90550070



