52 % 573
2023 4 7H

WEERMBSIRE
RARE METAL MATERIALS AND ENGINEERING uly 2023

Vol.52, No.7

ETREBENHELERES. 2. WY
FE AR B 5%
£ ok, K, R, RHAE, § OB

(LIFImERY ME S5 LR, LI RN 221116)

OB RIS MO R TR S, B TR R AL DRV B AL A T, AR TR AR
AR B TSR . AT ST IR DU - SR R BRI R N B, R 3t &lm (). 2. 8D &

BB R R TIRAT N, FERMER R E R LRSS r W EeE (. 2. 8 KRt

T 70 45 1

FH, 60 CHY, EZIRILEEFFL. 2. S EIREE AT BEETE, §F RN 5N 7.3744x10",
1.1032x107"2 1 9.2936 =107 cm?s!, VIMFBHH L LB . . HREH HEIHKRME L. KT IR EE)E

AP T AR 2 B2 R R (BB B SR

XBIA: ML BB RSN IR i 2k
X E4HS: 1002-185X(2023)07-2478-07

REENES: TF845 Xk FRIRAD: A

Fis = 0 K IR H ARy 1) A0 2 BT R 2 LT 4 R R
HRFRI R W SRR, W &8 AL
GEMKMEHE IR S . EIT 2. Hyd
& TR, EPE TS8R &25k, Clh—
Tl R AT B e 1 il s AR, BRI, 4 R A R
FEHER, RAAEE AN EBRR B (B, AR
D B4 Y)Y (0). Sm(ITT)/Sm(0). Th(III)/Th(0) I
FrAE AR L35 (vs. SHE) 435l 28-2.372, -2.304. -2.28
V, S &R & HE S KER RIS 2 1)
KEBRH©S, AT, WLeB A Mgk rE
HAERCE R A P, R S SR
BBk i b 6 A i 5 o,

R M &R LR K E S0k R
H 2% VR S AR ERE R 2 — . BT
fH AR, PR R4 1 5 i R B 1) R S T AR
FE PRSI 4 32 RO, dE ARk, BT E Tk
ks TS 7K e R R, B, Bagri %
NS s T — o W= RO B R A R
(Ln(NTf,)s, Ln N8Rz AIBEEE — F I5 41 Bl 1)
REALES Pk . E=IWAMT, MA17E %S 7k p
IR T Nd. Dy. Gd fil Pr4 F# £ 4 )8, N
G B AE B AR b R AR A T B . Xu 2
NEUFIR 1-2.3E-3- 3Lk — &% ([EMIM][DCA]

ks HEA: 2022-06-14

BRI TR Ih ] % B NdFe & 4. AT, &
TRARAFAE A BSOS TR 2 4% L i 20 R OHE AN RSAS B 53 56 5k R
fE— B R FE BRI T AT RIS Tk AR A K & -
UEAh,  AH IR FT R B DR 4 B 1 WA B A ORI #
R Z2 B AT A= e D500 O 7 S RS A v )
R R AS DA R T 72 1) B PR 25 B, Abbott 28 AP G R T
— ot 5 Dy €0 1) 3 Y B VA S B A IR 3 g v
(deep eutectic solvents, DESs). f&ILiaEs&h—
FRBRAT . RTAEW R e A AR SR PR ) TR dk S B R s EE 5
— W EsA ik (NRE. RIKR. Lol %— e
IRHRGTE B — MRS SR &4 . R34 5= 1
R, WEERE. ORREE. Wit E. TR, Rk AL
PSR, SESRE RIS, e
W 7 AU R LB T R AR N “ A A B A
IR Rl e (U e N NG A D R SR e
RILIBBERAN T, AW LSRR 2. BE N,
JR R ETRRAT A, TR SR AR R UUR R W 4 A
MWIEC . 2. BERYUKMEL, R4 8 1 i
T AR MR B AT 1) S

=

1 %X W

AU - 7K SRR SRS HIRE -
ARG MR FALIEBLAI R Ry o pr 4, ST

HEWE: EXRARBFESE (2170308); TLHARHEHH (BE2020759); 4 HiRHEHEI (KC21013, KC19071); VLIW&EH 5% AR

stk (KYCX21_2615)

TEBENY: £ R, L, 1997 F4, WiAR, LAY RFEMES 7 TR0, 75 &1 221116, E-mail: 1299947002@qq.com



%7 £ ORE: ETEEAR LSRR, 2. B RITERT A * 2479 -

*1 HisRERERRBEE

Table 1 Standard electrode potential (E®) of rare earth metals

Electrode reaction E®/V vs. SHE

Sc**+3e —Sc -2.077

Y¥+3e Y -2.372
La*+3e=Lla -2.379
Ce**+3e =Ce -2.336

Pri*+3e = Pr -2.353
Nd**+3e = Nd -2.323
Pm*+3e =Pm -2.30
Sm**+3e = Sm -2.304
Eu¥*+3e =Eu -1.991
Gd**+3e = Gd -2.279
Tb*+3e =Th -2.28
Dy*"+3e = Dy -2.295
Ho**+3e = Ho -2.33
Er¥*+3e =FEr -2.331
Tm*+3e =Tm -2.319
Yb*+3e = Ybh -2.19
Lu¥*+3e=Lu -2.28
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Fig.1 Cathodic cyclic voltammetry (CV) curves of GC electrode in DES and 10 mmol/L Y (NO3)s/DES (a), CV curves of different cycles
in 10 mmol/L Y(NOg3)s/DES (b); CV curves in 10 mmol/L Y(NO3)s/DES under different scan rates at 60 ‘C (c), linear fitting

curves for current density vs scan rate at peak I and I of CV curves in Fig.1c (d)
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Fig.3 Cathodic cyclic voltammetry (CV) curves of GC electrode in DES and 10 mmol/L Sm(NOs3)s/DES (a), CV curves of different
cycles in 10 mmol/L Sm(NOs3)s/DES (b); CV curves in 10 mmol/L Sm(NO3)s/DES under different scan rates at 60 ‘C (c), linear

fitting curves for current density vs scan rate at peak [ and Il of CV curves in Fig.3c (d)
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Fig.4 SEM morphologies (a, b, d, ) and EDS spectra (c, f) of Sm electrodeposited by cyclic voltammetry (a-c) and

chronoamperometry (d-f)
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Electrodeposition of Rare-Earth Metals (Yttrium, Samarium and Terbium)
from a Deep Eutectic Solvent

Jiang Xin, Chen Cheng, Huang Danni, Zhao Xinsheng, Wei Lu
(School of Physics and Electronic Engineering, Jiangsu Normal University, Xuzhou 221116, China)

Abstract: Deep eutectic solvents (DESs) are a new class of ionic liquid (IL) analogues, which show a wide electrochemical window and
the unique physicochemical properties, and have promising applications in electrodeposition. Herein, a choline chloride-urea based DES
was proposed as a medium for electrodeposition of three rare-earth metals (yttrium, samarium and terbium). All three metals were
successfully deposited in the DES by cyclic voltammetry and potentiostatic methods. The results indicate that the electrodepositions of
yttrium, samarium and terbium in the DES are diffusion controlled processes, and the diffusion coefficients of yttrium, samarium and
terbium in DES at 60 <C are 7.3744x10™%, 1.1032x10*?, and 9.2936=10™** cm?s, respectively. The deposits of three rare-earth metals with
two-dimensional nanonetwork structure are obtained by cyclic voltammetry and potentiostatic methods.

Key words: rare-earth metals; electrodeposition; deep eutectic solvents; cyclic voltammetry curves
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