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STUDY OF ELECTROCHEMICAL BEHAVIOR OF VI-B
GROUP METAL OXIDES IN TUNGSTATE MELT

Victor MALYSHEV2¥, Angelina GAB?"”, Ana-Maria POPESCU®*,
Virgil CONSTANTIN®P*

ABSTRACT. Thermodynamic assessment of the probability of interaction of
metal oxides of group VI-B with tungstate melts, the results of the study of the
acid-base properties of tungstate melt by potentiometric method. Analysis of
the presented experimental data on the study of the electrochemical behavior
of chromium, molybdenum and tungsten under equilibrium and non-equilibrium
conditions allows us to conclude that it is possible to implement multi-electron
reversible equilibria and electroreduction processes involving oxide forms of
chromium, molybdenum and tungsten (VI) in tungstate melts. The mechanism
and final product of electroreduction of oxide forms of metal (VI) depend on the
acid-base properties of the medium. By setting the latter, it is possible to control
the electrode process.

Keywords: VI-B group metals, thermodynamic assessment, electrochemical
behavior, multielectron processes.

INTRODUCTION

Melts based on tungstates of alkali and alkaline-earth metals are
practically important for the production of VI-B group metals in the form of
dispersed powders [1-5] and coatings [1, 4, 6-9], of alloys and intermetallics
[9-11], of oxides and bronzes of various stoichiometric compositions [1, 12, 13],
as well as for the synthesis of compounds with nonmetals (carbides, borides,
silicides, phosphides, sulfides) [13-16]. The composition of cathode precipitates
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in these melts is largely determined by the acid-base properties of the melts
[17-20]. As compounds influencing the acidity basicity) of tungstate melts,
particularly VI-B group metal oxides can be used, which can act not only as
acceptors of oxygen ions, but also as components in the electrochemical
production of metals and in the synthesis of their compounds.

Statement of the problem. The aim of the work is to study the
electrochemical behavior of VI-B group metal oxides in tungstate melts and to
identify the possibility of the existence of equilibria involving VI-B group metal
electrodes. Achieving this goal will make it possible to control the acid-base
properties of melts and to use the results of studies of the electrochemical
behavior of VI-B metal oxides in tungstate melts for the practical
implementation of electrodeposition of VI-B metals and their compounds.

RESULTS AND DISCUSSION

1. Thermodynamic assessment of the probability of interaction of
group VI-B metal oxides with tungstate melts. The literature contains
virtually no information on the chemical interactions of tungstate melts with
group VI-B metal oxides. We performed thermodynamic calculations of possible
reactions of interaction of these oxides with sodium tungstate (Table 1). It
can be seen that chromium (VI), molybdenum (VI), and tungsten (VI) oxides
are likely to interact with these melts to form dimeric compounds. Although the
performed thermodynamic calculations suggest only the possibility of reactions
for tungstate melts, they can be quite useful in explaining the model of the ionic
composition of the melt. According to the calculations, the most energetically
beneficial reactions are those involving the formation of ditungstate compounds.

Table 1. Temperature dependence of the standard free energy AG°r of the interactions
of sodium tungstate with oxygen-containing group VI-B elements compounds.

Nr. Reactions AG°T, kJ
298 K 900 K 1000 K 1100 K 1200 K

1. 2NaWQOa4 + 2CrOz = -131.37 -409.81 -365.01 -320.62 -284.88
Na2Cr207 + Na2W207

2. 2NaxWO4 + CrOs = -79.73 -234.25 -211.19 -109.51 -165.81
Naz2CrO4 + Na2W207

3. Na:WOa4 + MoO3 = -44.35 -563.51 -47.49 -43.60 -37.74
NazMoO4 + Na2W207

4, 2Na2WO04 + 2M0o0O3 = -79.91 -94.77 -83.68 -70.12 -57.32
NazMo0207 + Na2W-207

5. NazWO4 + WO3 = -23.26 -32.30 -27.03 -23.93 -22.68
Na2W207
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2. Study of tungstate melt acid-base properties by methods of
potentiometry of cooled samples. To explain the experimental dependences
of the tungstate melts behavior under equilibrium and nonequilibrium conditions,
the following model of the ionic composition of such melts can be proposed,
considering oxygen-containing compounds as conjugated acids-bases. It is
assumed that in the Na;WO4 melt, the ions Na*, (WQO4)?%, (W.07)%, and (0)*
are predominantly present, which are in equilibrium with each other. So, this
can be considered as molten polytungstate electrolyte of the composition
2Na* + (WhO2n+1)%, where n > 1. The shift in interionic equilibria in such melt can
be explained by a “guasi-chemical” approach. When chromium, molybdenum,
and tungsten oxides are added to the tungstate melt, the following reactions
are possible (Table 1): for CrOs - (1) and (2), MoOs - (3) and (4), WOs - (5). To
study changes in the oxygen ions activity in such melts, electrochemical cells
with oxygen electrodes can be used:

(-)Pt|02|(1 - n) N8.2WO4-M03|B-A|203|0.8 Na,WO,-0.2 WOlezlPt(+), (1)

where M = Cr, Mo, or W. In this case, one of the electrodes is semi-immersed
into a stable-composition melt with known oxygen ions activity. The study was
carried out in air at a constant oxygen partial pressure above the melt (P(O,) =
21.3 kPa). The diffusion potential value between the studied melt and
the reference electrode melt was negligible and, according to calculations, did
not exceed 3:10°2 V (since alkali metal cations play a major role in the
current transfer process [21, 22]. Therefore, the oxygen electrode potential
is practically determined by the ratio of the oxygen ions activities in the studied
melt and in the reference electrode melt. At low concentrations of oxygen ion
acceptors, the tungstate melt consists mainly of Na+, (WO4)%, (W-07)%, and
(O)% ions. At a high acceptors concentration, it is also necessary to take into
account the presence of (W3010)?%, (W4013)%, and other more complex particles.

From the dependence of the equilibrium potential of the oxygen
electrode on the concentrations of group VI-B metal oxides (Fig. 1), it follows
that its value shifts to the positive region when the oxides are introduced into the
tungstate melt. Thus, these oxides are oxygen ions acceptors. Such a course of
dependencies can be explained by considering oxygen-containing compounds
as conjugated acids-bases. There is an equilibrium in the tungstate melt:

2 (WO4)* > (W207)* +(O)* )
with an equilibrium constant (K):

N

_ gwory
EW,07 fgO™

3)
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When CrOs, MoOg3, or WO;3 oxides are added to the sodium tungstate
melt, dichromate, dimolybdate, and ditungstate ions can also be formed
according to reactions (1), (4), and (5), respectively.

0.6

-E/V
—
./

0.2
\ R ® —
®
—
~m, T 1
S TT—
’\P\-\-\
\ .\-
P—\ 2
0.0 L L > 3
0 5 10 15

C / mol %

Figure 1. Equilibrium potentials of the oxygen electrode when metal oxides of
group VI-B are introduced into the sodium tungstate melt: 1 - Cr20s3; 2 - M0Os;
3-WOs3; T=1173 K.

3. Electroreduction of chromium (VI), molybdenum (VI) and
tungsten (VI) oxides on the background of tungstate melt. In the stationary
and non-stationary voltammetric dependences (Figs. 2a and 2b) of the
tungstate melt containing group VI-B metal oxides with an oxidation degree of
metal equal to +6, a reduction wave was observed at potentials from -0.7 V to -
1.0 V for CrOs, from -0.9 V to -1.2 V for MoOs, and from -1.1 V to -1.3 V for
WOQOs. At concentrations of MoOz and WO3; of around (3+6)x10“ mol/cm?, the
main wave is preceded by an alloying wave. The possibility of the existence of
intermetallics is confirmed by data [23]. At higher oxides concentrations, the
alloying wave disappears, because the potential of the main process becomes
more positive. In the case of addition of CrO; to the tungstate melt, the alloying
wave is not observed, since in this case the electroreduction product is
chromium (Ill) oxide rather than chromium metal. An increase in the
concentration of all three oxides leads to an increase in the wave height and its
shift to the positive potentials region. In this case, the transformation of the
extended wave into a sickle-like one is observed. The reduction process
occurs in one stage. Increasing the scan rate up to 10 V/s does not allow
one to detect the process stages sequence.
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Figure 2. Stationary voltammetric dependences of the melt containing

a) MOs (M: Cr, Mo, W); 1 - Na2WO4 background; 2, 5 - CrOz addition [CrOs]:
4-10* mol/cm?®, 9-10* mol/cm?; 3, 6 - MoOs addition [MoOs3]: 4-10* mol/cm?,
9-10* molicm?; (4, 7) - WOs addition, [WOg3]: 4-10* mol/cm?, 9-10* mol/cm?;
T = 1173 K, working electrode - platinum, scan rate - 0.02 V/s;

b) Na2WOs melt; 1 - Na2WOs background; 2, 5 - CrOs addition; [CrOs]:
6-10* mol/cm3, 1-10 mol/cm?3; 3, 6 - MoOs addition [MoOz]: 6-10* mol/cm?,
1-10® mol/cm?; 4, 7 - WOz addition, [WOs]: 6-10* mol/cm?, 1-10 mol/cm?;
T = 1173 K, cathode - platinum, scan rate - 1.0 V/s.

Potentiostatic electrolysis at the observed wave potentials reveals the
following products: in the case of CrOs - Cr.O3 oxide powder within the entire
studied concentration range. This is confirmed by further calculations of the
number of electrons for electrochemical processes that occur at platinum and
chromium electrodes. In the case of WO; - metallic tungsten up to WOs
concentrations 20 mol %, and in the case of MoO3 - metallic molybdenum
up to MoOs; concentrations 4 mol %. If the concentration limits are exceeded,
the electrolysis products are tungsten and molybdenum dioxides, respectively.

The peak current dependences on the oxide concentration at different
scan rates are characterized by a directly proportional current increase with the
oxide concentration change (Fig. 3). The ratio ip/v*? values from dependences
of i/v¥2 on v¥2 remain practically constant within a wide range of scan rates
from 0.04 up to 2.00 V/s (Fig. 4). The mass transfer constants i,/nFc for
stationary waves (calculated within the range of MOs; (M = Mo, W)
concentrations (5+15)x10“ mol/cm3) are (0.73+2.23)x10* cm/s and are
commensurate with those for diffusion delivery. The direct proportional
dependence of the limiting current on the metal (VI) oxide concentration, the
constancy of the i/V? ratio values within a wide scan rates range, as well as
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the ip/nFc ratio value, indicate that the electrode process is limited by the
diffusion of electroactive particles to the electrode surface. So, under these
polarization regimes, the electroactive particles formation rate does not impose
restrictions on the electrode process.
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Figure 3. Peak current density dependence on the concentration of MOz (M = Mo, W)
at different scan rates. 1 - MoO3, 0.02 V/s; 2 - WOs3, 0.02 V/s; 3 - Cr203, 0.02 V/s;
4 - MoOg3, 0.50 V/s; 5 - WOs3, 0.50 V/s; 6 - Cr203, 0.50 V/s; 7 - MoO3, 1.00 V/s;
8-WO0O3, 1.00 V/s; 9 - Cr203, 1.00 V/s; 10 - Mo0Os, 5.00 V/s;
11 -WOs3, 5.00 V/s; 12 - Cr203, 5.00 V/s; T = 1173 K.
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Figure 4. Dependence of ip/v¥? on v¥2for the electroreduction process of chromium,
molybdenum, and tungsten containing ions at [MOs]x10%, mol/cm?: (1-3) - 7.0;
(4-6) - 8.0; (7-9) - 10.0; (10-12) - 12.0; (1, 4, 7, 10) - MoOs; (2, 5, 8, 11) - WO3;
(3,6,9,12) - CrOs. T = 1173 K, cathode - platinum, scan rate - 1.0 V/s

46



STUDY OF ELECTROCHEMICAL BEHAVIOR OF VI-B GROUP METAL OXIDES IN TUNGSTATE MELT

The mechanism of electroactive particles formation becomes clear if
we proceed from the concept of the existence of acid-base equilibria in
tungstate melts. The decrease in the activity of oxygen ions when MOs3 is
added to the tungstate melt is evident in the dependences of the equilibrium
potentials of the oxygen electrode (Fig. 1). The addition of MO3 shifts this
electrode potential toward positive values, i.e., reduces the oxygen ions
activity in the melt. The sodium tungstate melt is quite stable and can be used
as a background solvent for the electroreduction of chromium (molybdenum,
tungsten) (VI) oxide forms. The first additions of MO lead to the formation
of predominantly monomeric (MO.)? ions; the concentration of dimeric
(M207)% ions is negligible. Monomeric forms exhibit electrochemical activity
at potentials comparable to the background electrolyte decomposition potential.
The further MO? addition leads to an increase in the concentration of dimeric
(M207)% ions which exhibit electrochemical activity at much more positive
potentials.

These ideas are also confirmed by our thermodynamic calculations of
possible reactions of MO3 oxides with sodium tungstate (sodium molybdate).
In the case of metal deposition, the electrode process can be summarized as
follows:

(M207)% + 66 <=M + (MO4)% + 3(0)%;
or, taking into account the subsequent rapid chemical ionic reaction,
(0)* + (Mz07)* > (2MO4)*;
the gross equation of the electrode process will be as follows:
4(M207)* + 6e” > M + 7(MO4)?. (4)

In the case of metal (IV) oxide deposition, these equations can be
written as follows:

(M207)% + 2e" <> MO2 + (MOg)% + (0O)?,
(0)* + (M207)* <> 2(MO4)?,
2(M207)% + 2€" <> MO; + 3(MOJ)?. (5)

In the case of metal (lll) oxide deposition, these equations take the
following form:

(M207)2' + 6e «— M,O3 + 4(0)2',
(0)* + (M207)* > 2(MO4),
5(M207)% + 6" > M203 + 8(MO,)%. (6)
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To clarify the nature of the charge transfer stage (4)-(6), and to
determine the number of electrons transferred in the electrode process, the
stationary voltammetric dependences obtained at platinum electrodes were
analyzed in the semilogarithmic coordinate system E-Ig(i¢-i). The sickle-like
shape of the stationary waves necessitates the use of the Kolthoff-Lingane
eguation. The composition of electrolysis products was studied by measuring
the concentration in mol%. The slope of the E-Ig(is-i) dependences for
different CrOs concentrations is 39-42 mV, and the value of n = 5.8-6.1
(Fig. 5a). The theoretical value of the slope for the six-electron reversible
reaction is 39 mV.

The slopes of E-Ig(is-i) dependences for MoOz concentrations up to
4 mol % are 37-44 mV, and the values of n = 5.3-6.2. At the concentration
of MoO3; above 4 mol %, the slope of this dependence is 105-128 mV, and
the value of n = 1.8-2.1 (Fig. 5b).

A polarization rate of 2 mV-s corresponds to steady-state conditions.
At such values, it is advisable to use the Kolthoff-Lingane equation (Table 2).

Table 2. The number of electrons transported in the electrode process
of MoOs electroreduction in the Na2WO4 melt.

C(M00Q3)-10*, mol-cm- AE/Ig(ig-i) n
1.0 0.038 6.1
2.0 0.039 5.9
4.0 0.042 5.5
6.0 0.105 2.2
8.0 0.117 2.0
9.0 0.112 2.1
11.0 0.120 1.9
13.0 0.125 1.9
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Figure 5. Analysis of steady-state voltammetric dependences in the semilogarithmic
coordinate system. Scan rate - 2 mV/s; T = 1173 K; cathode - platinum;
a) [CrOs] = 2.5 moal %; b) [MoOs] = 3 mol %; c) [WO3] = 2.5 mol %.
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The theoretical slope value for the two-electron reversible reaction is
112 mV. The slope of the E-Ig(i¢-i) dependences for different concentrations
of WOs; is 38-45 mV, and the value of n = 5.5-6.2 (Fig. 5¢). The coincidence
of the slopes determined from the experimental data with the theoretical
ones indicates the reversible nature of the charge transfer stages (4)-(6).

The reversible nature of the charge transfer stages also follows from
the experimental results obtained.

The deposition potential and the half-wave potential do not depend
on the scan rate up to 0.2-0.5 V/s (Fig. 6a). Deposition potential is the
electrode potential at which the deposition of the electrolysis product on the
electrode surface begins.

The number of electrons involved in the electrode process was also
determined from the half-width of the non-stationary voltammetric dependences.
For different CrOs concentrations, and for scan rates within 0.05-0.2 V/s
range, n = 5.7-6.2. For MoOg3 concentrations up to 4 mol %, n = 5.7-6.0,
and for concentrations above 4 mol % - 1.7-2.0. In the case of WQOs;, for
different concentrations, n = 5.7-6.1.
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Figure 6. a) Dependence of the half-wave potential on the scan rate at [MOs]x 104,
mol/cm?: (1,4,7) -14.0; (2,5,8) - 12.0; (3,6,9) - 10.0; (1-3) - CrOs additive;
(4-6) - M0oOs; (7-9) - WOs3;

b) Dependence of the peak current on the scan rate at [MO3]x10%, mol/cm?3:
(1-3) - 6.0; (4-6) - 8.0; (7-9) - 12.0; (1, 4, 7) - MoOz addition; (2, 5, 8) - WO3
addition; (3, 6, 9) - CrOz addition.

4. Electrochemical behavior of group VI-B metals in tungstate
melts. The group VI-B metals were chosen as electrode materials for the study
of multi-electron equilibria and processes. During the study of electroreduction
of oxide forms of chromium (molybdenum, tungsten) (VI) on the background of
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a tungstate melt, the possibility of the following electrode reactions occurrence
was revealed: (4) metal deposition; (5) metal (IV) oxide deposition; (6) metal
(1l1) oxide deposition. To confirm the occurrence of reactions (4) - (6), the
electrochemical behavior of chromium (molybdenum, tungsten) electrodes
under equilibrium and stationary conditions at a low (2-10 mV/s) scan rate
at the same material electrode was studied.

The main method of investigation under equilibrium conditions was
potentiometry. For this purpose, we chose the following electrochemical
circuits:

Cr | (1 - X) Na,WO, - xCrO3 ” Na,WO4 -0.2WO03 | O | Pt, (7)
Mo | (1 - x) Na;WO, - XMoOs || Na;WO, -0.2WO3 | Oz | Pt,  (8)
w | (l - X) N612WO4 - XW03 ” N{:12WO4 -0.2W03 | Oz | Pt. (9)

The EMFs of circuits (7)-(9) were measured in the range of MOs
concentrations 0.5+15 mol % (Fig. 7). The indicator electrodes were chromium
(molybdenum, tungsten) polycrystalline rods of the “reagent” grade suspended
on a platinum wire. The measurement procedure was similar to that for
platinum-oxygen electrodes

Corrosion studies of chromium (molybdenum, tungsten) have revealed
corrosion of metals in melts containing small additives of MOs. This may be
why it is not possible to obtain reproducible EMF measuring results at x < 0.5
mol % MOzs. The expressions for the potentials of metal and oxide electrodes
in accordance with (4)-(6) can be written as follows:

L 23T [M,057]*

E=E° 10
& CMIMO: T 4o
in the case of melt-metal equilibrium;
2-12
E=p04 2.3RTIg [M,0; ]2_ : (11)
2F " [MO,][MO; ]
in the case of melt equilibrium with MO; oxide;
2-15
E=p4+ 2.3RTI [M,077] (12)

6F " [M,0,][MO;

in the case of equilibrium of the melt with oxide M2Os. The calculation of the
number of electrons per one electrochemically active particle, calculated
from the pre-logarithmic dependence coefficient dE/dIg[MO3] (Fig. 7), showed
compliance with the six-electron equilibrium for the MoOs; concentration
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range 1+4 mol %, and for CrO3; and WO3; — 1+15 mol %. The values of E for
the corresponding current density values are taken from the experimental
dependences in Fig. 8. The two-electron equilibrium corresponds to the
MoOs concentration range 4+15 mol %. Electrode reactions (4), (5), and
(6) correspond to these values of “n”. Melts Na;,WO, - (1+15) mol % CrOs
are in equilibrium with chromium (lll) oxide. Melts Na;WQ, - (1+4 mol %)
MoOs are in equilibrium with metallic molybdenum, and Na;WO,4 — (4+15
mol %) MoOz — with MoO; oxide. Metallic tungsten is in equilibrium with
melts Na;WOs - (1+15) mol % WOs.
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Figure 7. Dependences of the equilibrium potentials of chromium (1, 4),
molybdenum (2, 5), and tungsten (3, 6) electrodes on the concentration of
the respective oxides in ordinary (1-3) and logarithmic (4-6) coordinates.

The concentration dependences of the equilibrium potentials (4)-(6)
are well described by the Nernst equations.

To clarify the nature of the charge transfer stages (4)-(6) for these
conditions and to determine the number of electrons transferred in the
electrode process, the stationary voltammetric dependences were analyzed
in the semilogarithmic coordinate system E-lg(i¢-i). The pre-logarithmic
coefficients of the E-Ig(i¢-i) dependence for the CrOs concentrations 1+15
mol %, MoOs; — 1+4 mol %, and WO3; — 1+15 mol. % correspond to reactions
involving six electrons (Fig. 8). For the MoOs; concentrations 4+15 mol %, the
pre-logarithmic coefficient corresponds to the reaction involving two electrons.
The good agreement of the coefficients determined from the experimental
data with the theoretical ones indicates the reversible nature of the charge
transfer stages (4)-(6).
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Figure 8. Steady-state voltammetric dependences (1-3) and their analysis in

the semilogarithmic coordinate system (4-6). Scan rate =2 mV/s, T = 1173 K;

1,4 — Cr cathode, [CrOs] = 3.5 mol %; 2,5 — Mo cathode, [MoO3] = 2.5 mol %;
3,6 — W cathode, [WOs] = 2.0 mol %.

Galvano- and potentiostatic electrolysis at CrO3z concentrations 1+15
mol % reveals Cr,0s3, at concentrations of 1+4 mol % MoO3z; — molybdenum,
and at higher concentrations of MoO3; — molybdenum dioxide. Tungsten is
the only product of the electrolysis of systems Na;WO, - (1+15) mol % WOs.

CONCLUSIONS

1.The analysis of the present experimental data allows to conclude
that multi-electron reversible equilibria involving oxide forms of chromium,
molybdenum, and tungsten (VI) can be realized in a sodium tungstate melt.

2.The mechanism and the final product of the electroreduction of
metal (VI) oxide forms depend on the acid-base properties of the medium.
By setting the latter, the electrode process can be controlled.

3.0f particular note is the uniqueness of the electrode equilibrium
involving six electrons at a certain melt basicity.

EXPERIMENTAL SECTION

The study of electrochemical behavior of VI-B group metal oxides in
the tungstate melt includes thermodynamic substantiation of the interaction
of VI-B group metal oxides with this melt and study of acid-base properties
of the tungstate melt by potentiometric method.
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The probability of possible interactions between VI-B group metal
oxides and sodium tungstate was estimated over a wide temperature range
based on the calculations of the change in the standard Gibbs energy (AGr).
To calculate AGr, the literature values of the thermodynamic values of the
compounds under consideration were used [24, 25].

For potentiometric studies, the melt Na;WO4-0.2 mol % WO3; was
chosen as the electrolyte for platinum-oxygen (Pt/O,) reference electrode in
the tungstate melts. The excess of oxygen ion acceptor in it contributes to
the oxygen electrode potential stability, which is necessary for the reference
electrode functioning. The design of Pt/O, reference electrodes of similar
composition with a B-Al.O; membrane, the rationale for their use, as well as
the method for measuring the equilibrium potentials of Pt/O, electrodes,
were described in [26, 27].

Na,WO. was selected as the background melt for studying the
electrochemical behavior of oxide forms of Group VI B metals. To prepare
it, sodium tungstate of the “Reagent” brand was dried at a temperature of
423-473 K for 10-12 hours. It was then calcined at a temperature of 773-
873 K for 3-4 hours. The quality of the background melt was determined by
measuring the residual voltammetric currents. Their low value at a potential
significantly more negative than that of the platinum-oxygen electrode (6
mA/cm? at -1.6 V) indicated sufficient purity and suitability for electrochemical
measurements. The purity of the background melt was also checked using
emission IR spectra. The absence of characteristic bands in the spectrum
of the solidified melt meant the absence of impurities.

Metal oxides (VI) of group VI B of the “Reagent” brands were pre-
dried at a temperature of 423-473 K for 5-6 hours, and then calcined at 673-
773 Kfor 2-3 hours.

Equilibrium electrode potentials were measured using a SHCH-
68003 digital voltmeter. The established value was taken as the one that
did not change by +0.05 unit within 1 hour. Steady-state and transient volt-
ampere dependencies were obtained using a PI-50.1 pulse potentiostat.
Stationary dependencies were recorded with a two-coordinate recorder
PDP-4, and non-stationary ones with an oscilloscope OWON SDS-1022.

A high-temperature cell made of quartz was used to perform
electrochemical measurements. A platinum-oxygen electrode was used as
a reference electrode, which was a platinum wire with a diameter of 1 mm,
half-immersed in a melt of Na;WO,4 — 20 mol. WOs. The electrolyte of the
reference electrode was separated from the electrolyte under study by an
alundum tube with a diameter of 6-8 mm, which acted as a diaphragm. The
wall thickness of the tube was 0.5-1 mm. The open end of the tube was
connected to the atmosphere. Measurements were carried out in an air
atmosphere (p(0-) 21.3 kPa.
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The electrodes used in electrochemical measurements were platinum,
chromium, molybdenum, and tungsten wires with a diameter of 0.5-1 mm
immersed in the melt. Platinum crucibles served as containers for the melt.

Automatic temperature control with a KVP-1 electronic potentiometer
made it possible to maintain the melt temperature with an accuracy of + 2.5 K.

The electrochemical behavior of group VI-B metal oxides in tungstate
melt was studied in the range of scan rates 0.02-5.00 V/s using platinum
electrodes at a temperature 1173 K, and using electrodes made of group
VI-B metals at a scan rate 2 mV/s and a temperature 1173 K.

Diagnostics and estimation of the kinetic parameters of the electrode
process were performed based on the theory of stationary and nonstationary
electrode processes.
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