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ABSTRACT

The mechanism of electroreduction of molybdenum in molten KF~B,0;~K,;M00, has been studied by

means of linear sweep .+ eyelic

and Y.
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1 INTRODUCTION

Several papers have been published con-
cerning the electrodeposition of molybdenum
from molten salts and coherent molybdenum
coating has been obtained in following molten

U5 fluoride salts'™™;

[9-12]

chloride salts
o), fluoride oxide salts!

mixtures:
oxide salts' and
chloride oxide salts'"*7. It was shown that the
best coating was obtained in molten KF—
B,0,—K,Mo00, which has a wider range of
operating current density.

A number of works on the technology of
molybdenum coating have been published, the

of elect: of lybd:

num from molten salts has seldom been stu-
died. Senderoff er al. studied the electroche-
mical behavior of molybdenum in molten
KCI-LiCl-K,MoCl, ' and KF-LiF-NaF—
MoF{"”) by chronopotentiometry. They found
that the molybdenum ion existing in above
mentioned systems is trivalent. The electrore-
duction is as follows

[Mo,CL;J +3CT™ = 2[MoCl "
[MoCl I +3¢™ = Mo*+6CI
The reaction is reversible at 800C but in
fluoride systems it is irreversible at the temper-
ature of 600-800C . Inman et al*"studied the
mechanism of electroreduction process of Mo
in KCI-NaCl melt at 760C and found a chem-
ical reaction preceding the charge transfer:
Mo® (complex)=2Mo*"
Mo**+3¢”=Mo®
In this study, ' we aim to reveal the mech-
anism of electroreduction of molybdenum in
molten KF—B,0,~K,Mo00,

2 EXPERIMENTAL

The experiments were carried out with
molten KF—B,0,~K,Mo0, (72-25-3mol%)
in a graphite crucible placed in a fully sealed
stainless steel can which was heated up to 815

+2C in a furnace®'.

The measurements were
made at a flowing argon atmosphere. The
working and reference electrodes were a Imm

diameter platinum and molybdenum wire
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respectively. The graphite crucible was also
used as the auxiliary electrode.

All chemicals used were A. R. grade. KF
was prepared by dehytrating KF - 2H,0,
which was first heated and dehytrated slowly
at 80G and then dried in vacuum at 200C for
20h. K,MoO,was produced with MoO;. For
this purpose, MoO,was dissolved in a KOH
solution and the product of the reaction was
then washed and dried in vacuum at 200C ,
The X—ray diffration analysis showed that the
product was pure K,MoO,.

The prepared, K,Mo0O,, B,0; and KF
powders were mixed and then placed in a
graphite crucible and dried in situ at 250C for
10h and at 500C for 2h in vacuum. Later, we
filled the can with pure argon at a slight flow
rate and heated the mixture to experimental
temperature.

3 RESULTS AND DISCUSSION

3.1 Linear Sweep Voltammetry and Cyclic
Voltammetry

The results of linear sweep voltamogram
and cyclic voltamogram of the molten KF—
B,0,-K,M00,(Cy;,=8.33 % 10~ *mol / cm?) at
815C on the platinum working electrode are
shown in Fig.1 and some parameters are

Table.1 The parameters of linear sweep voltamogram

v ELi B A,

mV/s mV mV A/cm?
147 255 -89 174 014
200  -250  -93 193 o014
250 -2500 95 214 o014
300 -250 -9 232 014
35  -250  -100 248 013
400 45 -120 262 043

V: potential sweep rate; E, and £, ,,: peak and half
peak potentials; i,: peak current density: i,/ V'/%

current function.

04 02 00 —02
E.v
Fig.1 Typical voltamogram in
KF-B,0,-K,M0O, molten salt

working electrode:  Pt, reference clectrode: Mo,

8I5T Cy,= 8. 33x 10™mol/cm’, A= 0. 154cm?,

V=200mV /s
listed in Table.1. From Fig.1 it can be seen
that there is a cathodic wave at the potentical
of =0.25 V (vs. Mo reference electrode) which
responded to an anodic wave iy, ata potential
of 0.16 V and peak current Ipy>iyer indicating
that the product of the electrochemical reac-
tion is insoluble. An electrodeposition of
molybdenum from this melt was carried out at
a constant potential (—0.2V) on the platinum
strip. A layer of metallic coating which was ex-
amined to the molybdenum was obtained by
X-ray diffraction. In the experiments we also
found that the molybdenum reference elec-
trode immersed in molten electrolyte did not
have any erosion caused by the disproportion
between metallic molybdenum and its high
valent ion Mo®". This phenomenon indicates
that there are almost no low valent molyb-
denum ions in the melt. Therefore, the cur-
rent efficiency of molybdenum reduction may
be approximately suggested as 100%, so the
number of total electrons discharged on the
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cathode can be calculated as 6 by the incre-
ment of the cathode (Pt strip). This fact, on

the other hand, shows that the hexavalent

creasing amplitude of sweep potential, the
first and second anodic waves should tend to-
wards superposition (see Fig.3—d) and the

molybdenum ion is the only form in
the melt. A similar result (current efficiency of
95-96%) was obtained by Koyama et al!"in
their technological experiments of molybde-
num electroplating using this melt. From the
above discussion, we can see that the elec-
troreduction of molybdenum seems to be a
single process of discharge of hexavalent
molybdenum ions. However, the convolutive
treatment! *? reveals that the relationship be-
tween In(/;—I) / I, and E deviates from a
straight line (see Fig.2) and is close to two lines
intercepted at the potential of about —100mV.
This indicates that the reduction of Mo®" is
not a single electroreduction. From the slope
of the line ranging from —0.05V to —0.1V, the
electron number(n) can be calculated as 5.2
(5). It follows that the electroreduction of
molybdenum in the present melt may be pro-
posed as a stepwise reduction, such as
Mo®'+5¢"=Mo"
Mo'+e"=Mo®
For further analysis,

a small amplitude
cyclic voltamograms was employed in the
present study. Fig.3 shows the cyclic volta-
mogram under the condition of small changes
of cathodic potential. Tt is clear that there are
two electroreduction processes. The first reac-
tion occurs at the cathodic potential of about
—45mV and the corresponding anodic peak is
at the potential about —100mV. By increasing
cathodic polarization, the second anodic
Wwave appears at a potential of about 40mV
(see Fig.3—c), but the cathodic wave of the
second reaction is superposed on the first
wave. This means that the reduction potentials
of both reactions are very close. With in-

cyclic vol will take the form of Fig.1.
Thus the stepwise reactions which occurred
during the electroreduction of Mo® were con-
firmed again by the small amplitude cyclic

voltammetry.
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Fig2 Variation of I, and In(1,~1) / Iy with E in
convolutive treatment
Iy—convolutive transform current;
I—convolutive transform limiting current®
Concerning the reversibility of the reac-
tions, as has been shown in Fig.1 and Table
1, the peak potentials of cathodic wave repre-
senting the second reaction, and the current
funtions i,/ ¥'/* are independent of the po-
tential sweep rate. Therefore, the second reac-
tion can be considered to be reversible. As re-
gards to the first step, it seems to be less re-
versible because of little change of E,,, to-
wards the negative direction. So it may be de-
fined as a quasi-reversible reaction.
Based on the equation(1) deduced from
convolutive treatment, the diffusion coeffi-
cient of hexavalent molybdenum ion D can
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be determined as 1. 99 10 %em? /5.
1,=nFD'/*C° )
where I,= 2. 15 (from Fig.2); C° is the
concentration of molybdenum ion in the melt
(8.33% 10™*mol / cm®)

L maA

Fig3 Small amplitude cyclic voltammogram

3.2 Chronopotentiometry

This experiment was carried out at the
current density of 1.96-3.00A / cm®. The typi-
cal chronopotentiograms are shown in Figs.4
and 5 and the data obtained from Fig.4 are
summarized in Table 2.

Table2 Results of chronopotentiometry

L A/cm 1.96 2.22 2.31 2.64 3.00
s 115 0.84 0.77 0.56 0.44
2 2.08 2.04 2.03 1.98 1.99
D, x107° cm?/s 2.37 2.28 2.26 2.15 2.17

mean value D=225x 10 ‘em’ /s

From Fig.4 and Table 2 it is clear that the
values it'/? for different experiments have a
little change. Fig.5 demonstrates that the tran-
sition times of cathodic and anodic processes

are equal: 7= 7, indicating insolubility of

the reaction product; and there is a difference
in step potentials of both processes. All these
facts may be attributed to some irreversibility
of the first reaction step.
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Figd Cathodic chronopotentiogram for KF-B,0,~
. K;Mo0, 815C

(€C°=8.33x107"mol / cm”, 1=406mA, A=0.154cm’)
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Fig.5 Cathodic-anodic chronopotentiogram in KF—
B,0,-K,M00, Pt 815C
A= 0.154em’, | 31lmA, C=38.33x 10 mol

/em®, cathodic on the left, anodic on the right.

As has been proved, for a consecutive
charge transfer reaction O<-—O,—=R, if the
standard potentials of both stepwise reaction
are close enough, only one wave can be ob-
served on the chronopotentiogram. In this
case, the Sand equation can be expressed as
follows™

i!/?=(n+ny)Fr'/2D'/?C° /2 Q@

In our study, n,+np,= 6. Using equation

(2) and data listed in Table 2, the diffusion
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coefficients of Mo®" D for various conditions
of experiments can be calculated and are
shown in Table 2. The mean value is 2.25x
10~°cm? / s which is in accordance with the da-
ta obtained in cyclic voltammetry. Thus, the
diffusion coefficient of Mo’ determined in this
experiment can be regarded as more reasonble.

4 CONCLUSION

1 Molybdenum ions which exist in mol-
ten KF-B,0,—K,Mo00, containing metallic
Mo are still in hexavalent state.

2 The electroreduction of molybdenum
in this melt at 815C has been found to be a
consecutive charge transfer reaction

Mo®"+5¢” =Mo" (quasi-reversible)
Mo'+e =Mo° (reversible)

3 The diffusion coefficient of Mo® has
been determined to be 1.99—2.25x 10~"em’ /s
by different methods.
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