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Fig. 1 Electro-reduction experimental device: 1—Source; 2—
Anode; 3 — Cathode; 4 —1Ion exchange membrane; 5 —
Electrolysis cell; 6—Anolyte cell; 7—Agitator; 8—Constant

flow pump
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Fig. 2 Eu®" analysis device: 1—Charging hole; 2—Burette;
3—Reaction bottle; 4—Intake tube; 5—Outtake tube



9527 & 20 KO S

BT A S5 B 373

AR R HBh R A S A AT
KM . R Z R 20 mV/s, EHEE-1.2 V ERVILG
WAL, e N —1.2~1.5V,

2 FR5118

2.1 PAtR. BAMREYTHIE

BN SRR 2 TR ey R, L B HHAE
FACIIRFN B B TE PRV JZ Al RT A IT, 540
BB BVEL B AR — R BEAT IR IE S0« RT 257 R 2 I0iR
BVRIZERIING, 1T R R Z CIREDRIZ R,
SRS EE R IR 1o BHR 1 n AR S AR AT S B A ot e
IT FHARAT 2O BAL S HIBH B 4230, b RT FHAR 1 R
%o ARV IR AEA HO il A R b S S ik, A 5 A A
Koy BABHARA D 4 Jm B, Ok &5 5. 7E 0.5 mol/L £
f A Zr, RT HIT PR BHAR IR ER AR 2 th 2 dn ] 3
Fise B 3 ar g, fEHL AR I o0 R, IT BHBR )

F 1 AFFE AT E AL (MR NaCL #4540 C; vs SCE)
Table 1 Chlorine evolution potential of anodes (saturated

NaCl solution; 40 ‘C; vs SCE)

Current RTanode ITanode Platinum Lead-silver
density/  potential/  potential/ anode anode
(Am?) \Y% A% potential/V potential/V
500 1.042 1.405 1.32 1.58
1000 1.051 1.470 1.40 1.74
2000 1.064 1.560 1.59 1.96
5000 1.102 1.770 1.89 2.40
-1.0F
-0.5
<
£
5 o
=
=]
O
0.5
1.0[

@ (vs SCE)/V
B 3 £ 0.5 mol/L FHIERWFINMEIAR 2 itk (B Hd
0.02 V/S)
Fig. 3 Cyclic voltammetry curve in saturated 0.5 mol/L NaCl
solution (scanning speed of 0.02 V/S)
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Fig. 4 Polarization curve of metal cathodes in EuCls

(scanning speed of 0.02 V/s)
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Fig. 5 Relationship between reducing time and Eu reducing
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Fig. 9 Comparison of europium reduction rates in different

Eu concentrations

100
80
N
2
s 60
=1
L
2
3 401
[}
e
L = — Pure Eu
afl e —Rich Eu
0 1 2 3 4 5

Time/h
B 10 AFEREHHL R
Fig. 10 Comparison of europium reduction rates in different

solutions

HUME S5 AU T s BB 28 A, o
[Eu’1=0.7 mol/L. pH=1.5, % &% JLIESWIARIZ4K
W, SJmARMEAM, M 8 Ao AEMAIE R HEET I
RSy 21 R R 5 S A A A P i e SR L e, B
RSB0 JEERT LA (1) s ) LA TR s, &5 SR LT 11
12, MBAFBCH HCL, [H']=0.43 mol/L I ft HL ik 5t
R BAR TBIME N CaCly, [Ca> =1 mol/L [H']=0.43
mol/L, FEEJF K : MBIk HCL, [H']=0.43 mol/L
I, BHAR B B TR BEAR T BIABOR B, BRI
H eI AL ROV T e e N B 35 A BH BRIy

CaCl,, [Ca*"]=1 mol/L. [H']=0.43 mol/L I, PFHAZIK
)80 TR B i 1 T B AR , FHR R 6 7R3
(P R OB NIRRT OB A R 1K1
JE. BIRBCR CaCly, [Ca®]=1 mol/L ¥, FHAK
Y PR RR JEE  SE A 3 S MA R R, 4 1R B A ok
RN, IR S AN, A IR T aE,
A B % o AT PRIRIF S TT 460 BRSS9 P
HUREA SRR, I B R B K IR, P fi
AR Y RIBIR KRN, 3 BRI
K%, SRR ERI ;4 H R P AR N
BENBIRR D, SRR A K,
FEVMRIL AR p, H Aol o M N B 3, S S i
(I FE5 B TTT S0 PSS iR o B B AR R BRI, v
R SR M LA R A v, (RS, B
Weos R BLYTIE, REHLR TR, S0 R G R AT

100
L)
80 -
o\o )
o
s 60
=
2
k3t
2 401
Q
o~
20| = — HCI
e — Ca(Cl,
0 2 4 6 8
Time/h
11 AN[A BRI R 28 5 AR AL SR e 1) DG R

Fig. 11  Relationship between electroreducing rate and
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Fig. 14 Continuous dynamic reducing industrial equipment connection: 1—CaCl, solution head tank; 2—Rich Eu compound head

tank; 3—Flowmeter; 4—Electrolysis cell; 5—Eu®" solution tank; 6—Anolyte low tank
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Electrochemical reduction of Eu’* using ion-exchange membrane

ZHU Wei, LIU Zhi-qiang, LI Wei, ZHANG Kui-fang

(Guangdong Province Research Institute of Rare Metals,

Guangdong Province Key Laboratory of Rare Earth Development and Application, Guangzhou 510650, China)

Abstract: Electrolysis of Eu®" solution using ion-exchange membrane was studied to achieve the reduction of Eu®'.
Effects of electrode type (anode and cathode), electrolyte composition (anode and cathode electrolyte), acidity and
electrolytic process parameters on reduction of Eu®" were investigated. The favored conditions were determined. The
result shows that ruthenium based multi-component mixture coated titanium anode, Ti cathode, calcium chloride solution
containing 1 mol/L hydrochloric acid anolyte, rich europium compound catholyte, current density of 500 A/m?,
electrolysis time of 7.5 h. The best result of Eu®* reduction rate could be as high as 95.5% and the current efficiency is
more than 80% in this work, below the premise of stable cell voltage and no loss of europium. Moreover, reduction rate
of Eu*" is more than 94% in continuous industrial operation.

Key words: rare earth; ion-exchange membrane electrolysis; reduction; europium
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