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ABSTRACT

The ecyclic voltammetry, potentiaktime curve after potentiostatic electrolysis and X-ray

diffraction were used to study the electrochemical reaction of Yb( II) in NaCl KCl= 1. I(in mole) mixture on
Ni cathode. The reduction of Yb({ II}) to Yb( II) was realized on Ni electrode at first step and Yb( II) was re-
duced and alloyed with Ni on electrode surface respectively. The diffusion coefficient of Yb( II]) in NaCFKCF

YhClyis 1.25 % 10” em?/ s at 973 K.
Key word Yh( I}

electroreduction molten chloride

1 INTRODUCTION

YbNi alloy can be used to manufacture
functional materials' " *'. Tt is necessary to study
the electrochemical hehaviour of Yb( II) on Ni
electrode in molten NaCFKCFYhCls. The elec
troreduction of Yh( II) on the platinum cathode
in molten chloride has been reported ™ *'. The
investigation of electrochemical behavior for Ni
electrode in melt containing Yb is deficient. In
this paper, the electrochemical behavior of Yb
( II) reduction on Ni cathode in NaCEFKCFY h-

Clz melt is presented.

2 EXPERIMENTAL

YbClz was prepared by the reaction of
Yh203(99. 5%) with excess NH4CI( A. R.
grade) at 573K, the excess NH4Cl was removed
by raising temperature. NaCl(A. R. grade) and
KCI(A. R. grade) were mixed in equrmol ratio
and dehydrated in vacuum at 673 K. The elec
trochemical measurements were carried out in a
quartz cell under Ar atmosphere.

The working electrode was metallic Ni( >
99% ), and the counter electrode was spectral
pure graphite. The reference electrode was Ag/
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AgCl ( mole fraction of 10%) and NaCFKCI

(equrmol). All the potential values measured
were converted to that versus chlorine electrode
according to the data of Flengas' '

The JH-2B potentiostat, DCD-1 superlow
frequency functional generator and 3086 X-Y
recorder were used for electrochemical measure
ments. The temperature was controlled by the
WT-722 regulator and KG-6A silicon controlled
power unit.

The Yb( I} concentration in melt was ana-
lyzed by EDTA titration. The potentiostatically
electrolyzed Ni electrode after cleaning was ana
lyzed by X-ray diffraction to determine the sur-
face phase.

3 RESULTS AND DISCUSSION

3.1 Electroreduction of Yb( II) on the Ni
cathode

Fig. 1(a) is the cyclic voltammorgram of Ni
electrode in molten NaCFKCI( equrmol)-YhCls
(3. 0% (in mass)) at 700 C. Four cathodic
waves start at — 1. 40, — 2. 75, —= 2. 90 and
— 3. 10V respectively. The reduction potential
of Na on Ni electrode in molten NaCFKCI (equr
mol) at 973 K was determined as— 3. 12V!°l.

Thus one can consider that the last wave in
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Fig.1 Cyclic voltammograms for Ni in molten NaCkKCI( equrmol)-YbhCl;
(a) —973K, A= 0.23cm?, w(YbCL)= 3.0%, scanning rate U= 50mV/s '
(b) —E vslg[ ([,~ I)/1] of peak 1; (¢) —E vslg[(I,~ 1)/ 1] of peak 2

Fig. 1(a) belongs to the reduction of Na* .

For a reversible charge transfer where hoth
reactants and products are soluble, | £ - E -l
= 2.2RT/(nF)""" and the plot of E~ lg[ (I ,~
1)/ 1] is a straight line with slop m= 1. 72RT/
(nF)[S]. Where E,, E > and I, are the peak
potential, half peak potential and peak current
respectively. From | E — F 2l = 0.21V of the
first cathodic wave, n= 0. 90 is calculated. The
E vslg[ (I,— I)/1] plot for the cyclic voltam-
mogram is linear (Fig. 1(b)) and n= 0. 92 is
obtained. Hence, the electrode reaction of the
first cathodic wave of Fig. 1(a) is a single-elec-
tron reversible transfer reaction and both the re-

actants and products are soluble.

From | E,— E 2l = 0.10V of the second
cathodic wave of Fig. 1(a), n= 1.90 is calculat-
ed. The E vs lg[(I,~ 1)/1] plot for the cyclic
voltammogram is linear (Fig. 1(¢)) and n= 2.2
is obtained. The starting potential of this wave is
about 0. 6V more positive than the reduction po-
tential of Yh( II), indicating an obvious depolar-
ization. Hence, the electrode reaction of the sec
ond cathodic wave of Fig. 1(a) is a doubleelec
tron reversible transfer reaction and both the re
actants and products are soluble. The second ca
thodic wave corresponds to the formation of Yh
Ni alloy from the experimental results mentioned
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above.

The electrochemical behavior of Yb( II) re-
duced on Ni cathode should be:

Yb( II) + e= Yb( II)

Yb( II) + 2e+ nNi= YbNi,

Fig. 2 shows the voltammetry curve of the
first wave of Fig. 1(a) at different sweep speed.
The peak potential E, doesn’ t change with in-
creasing sweep speed, it is the characteristic of a
reversible charge transfer process. For a re
versible charge transfer where both reactants and
products are soluble, 7,= 0.446 3ACq( nf") 2
[DW(RT))"*. Here A, Coy, D, Uare the
area of N1 electrode, the concentration of YhCls,
the diffusion coefficient of Yb( IIl) and sweep
speed respectively. The I, vs U'? plot for the
So, Yb( IID+ e= Yb(II) is
the rate controlling step of the charge transfer
process, and D= 1.25% 10" em?/s is obtained

from the slope of the I, vs U2 straight line.

Fig.2 is linear .
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Fig.2 Voltammetry curve for Ni in NaCFKCI
-YhCls at different sweep speeds ( Q)
(T=973K, A=0.23em?, w(YbCl)= 3.0%)

I —U=30mVes L 2—0=60mVes L
3—U= 120mV*s '; 4—U= 150mVes '

The potentiaktime curve of Ni electrode in
molten NaCFKCI( equrmol)-YbCls (3. 0% ( in
mass) ) after potentiostatic electrolysis at the po-
tential of Yb deposition 1s shown in Fig. 3. In
this figure the curve (the electrolytic time is 30s
in scale interval) has three plateaus appearing at

-2.97V, = 2.75V and - 1. 50V. According
to the cyclic voltammogram, it is considered that
the three plateaus belong to Yb— 2e= Yb( II),
YbNi,— 2e= Yb( II) + nNi and Yb( II) - e=
Yb( IID, respectively.
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Fig.3 FE vs t curve after potentiostatic

electrolysis at — 3.0V
{T=973K, w(YbCl)= 3.0%, Nielectrode)

3.2 Surface phase of alloyed electrode identi-
fied by X-ray diffraction

The potentiostatic electrolysis proceeds in
NaCFKCI (equrmol)-YbClz with Ni electrode at
- 3.10V, T= 973K for 30min. The surface of
the alloyed electrode after cleaning to remove the
salt was analyzed by X— ray diffraction and the
pattern is shown in Fig. 4. It can be seen that
the electrode surface phases is Yb and Yb-Ni al-
loy. The surface alloy phases should be YhaNijs

and YbNis 1.
4 CONCLUSIONS

The reaction of Yh( II) reducing to Yh( II)

in NaCFKCI equrmol mixture was realized on N1
electrode at first, and Yb( II) was then reduced
and alloyed with Ni on electrode surface. The

diffusion coefficient of Yb( II) in molten NaCk
KCFYbCls at 973K is 1.25% 107 ° em?/ 5.
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Fig. 4 X-ray diffraction pattern for electrode surface after potentiostatic electrolysis
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