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Abstract: Electrochemical behavior of silver in tungstate-molybdate melts was studied by potentiometric and voltammetric methods. The
electrode process was identified as a single-electron reversible one. The effect of silver on the electrochemical deposition of molybdenum
carbide coatings and their electrochemical corrosion behavior in a sodium polysulfide melt was studied.
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1. Introduction

Electrochemical deposition of molybdenum carbide coatings
from oxide and halide-oxide melts was studied earlier. Deposition
of coatings with a thickness of up to 50 um and roughness of 2-3
um was shown to be possible. The effect of silver ions on electro-
chemical deposition of tungsten and tungsten carbide from chloride
melts was also described [1, 2]. But the effect of silver ions on
electrochemical deposition of molybdenum carbide from tungstate-
molybdate-carbonate melts has not been studied yet.

In order to study cathodic reduction of silver from a tungstate
melt, and apply it for electrochemical deposition of molybdenum
carbide-silver coatings, we used a complex of electrochemical and
physico-chemical methods such as: voltammetry, potentiometry,
potentiostatic and galvanostatic electrolysis, X-ray analysis, and
profilometric analysis.

2. Experimental

All the measurements were performed with an access for air. A
graphite crucible (grade MPG-7) with the melt acted as an anode.
The melt was prepared from pre-dried components: analytical grade
Na,WO, and Na,MoO,, chemically pure MoO3 and LiCOs. Silver
molybdate was synthesized in a form of deposit by mixing aqueous
solutions of AgNO; and Na,MoO,. A half cell [Pt,0,|Na,WO,-
0.2WO0;] acted as a reference electrode. It was separated from the
bulk melt by an alundum diaphragm [3, 4]. A face silver indicator
electrode was prepared by melting the silver in an alundum tube of
1.5 mm diameter. Nickel plates (10 x 20 x 1 mm) were used as
cathodes for the electrochemical deposition.

Electrochemical behavior of both molybdenum and silver
should be known for elaborating the process of their electro-
chemical codeposition with a formation of electroplate. The electro-
chemical behavior of molybdenum was studied earlier [5].

3. Result and discussion

3.1 Electrochemical behavior of silver in the tungstate-
molybdate melt

Two waves are observed in voltammograms for Na,WO,-
MoO3z-Ag,Mo0O, melts at -(0.3-0.5) V and —(1.1-1.2) V (Fig. 1).
The last of them corresponds to reduction of dimolybdate ions
Mo,0-> to molybdenum metal. The major wave at the platinum
electrode is preceded by the alloy-formation wave absent at the
silver electrode. Potentiostatic electrolysis at the first-wave potential
produces silver metal. The following changes occur in the current-
potential curves with increasing Ag,MoQO, concentration: the silver
deposition potential is shifted by about 300 mV positive; the
Mo,0,% reduction wave potential is shifted from -(1.1-1.2) V to -
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(0.3-0.4) V due to electrodeposition of molybdenum on already
deposited silver, the molybdenum oxidation wave is displaced from
-(1.0-1.1) V t0 -(0.3-0.4) V.

8

VSN U ek

L‘L——-J/_

Q2 04 068 B8 W0 /12 14 (6 18 -E V

Fig. 1 Voltammograms for Na,WO, (1), Na,WO, - 2mol.%Mo0O;3 (2), and
Na,WO, - 2mol.%Mo0O; - Ag,MoO, melts with the following concentrations
of Ag:M0O,: 3,4 - 2.5x10°%,5-5x10%;, 6 - 7.5x10°;, 7 - I x10*, 8 - .5x10°
* mol/cm®. Cathode - Pt, T= 1173 K.

Potentiodynamic polarization curves of the silver electrode in
the melt Na,WO,4-Mo00;-Ag,Mo0, (Fig. 2) exhibit two waves in the
potential ranges -(0.3-0.5) V and -(1.1-1.2) V, respectively. The
first wave corresponds to the cathodic reduction of silver ions Ag*
to the metallic silver. The second wave indicates the reduction of
dimolybdate ions Mo,0-? to the metallic molybdenum.

A proportionality between the limiting current iy, and the
Ag,MoO, content; the wide-range independence of the i;,/v*? ratio
from the scanning rate of the electrode polarization (here iy, is the
limiting current, v= dE/dt is the scanning rate), as well as the
magnitude of the diffusion constant i,/nFc (1-6 wm/s) indicate the
diffusion control of the electrode process. Stationary polarization
curves plotted in semilogarithmic coordinates E - log(iq - i) confirm
the single-electron reversible type of the charge transfer (0.93 <n <
1.19) (Fig. 3).
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Fig. 2 Potentiodynamic polarization curves (T = 1173 K, polarization rate
0.1 V/s) of the Ag electrode in the following melts: Na,WO, - 2mol.% MoOs
(1); Na;WO, - 2mol.% MoOs - 75 mmol/l Ag,MoO, (2); Na,WO, - 2mol.%
MoOj; - 100 mmol/l Ag.MoO, (3); Na;,WO, - 2mol.% MoO; - 250 mmol/l

AgzMOO4 (4)
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Fig. 3 Cathodic (1) and anodic (2) polarization of silver electrode in
Na,WO, - 1x10™ mol/cm® Ag,MoO, melt and its semilog presentation (3).
T=1173 K.

Potentiodynamic measurements (Fig. 4) lead to the following
conclusions: (1) the silver equilibrium potential does not depend on
MoO; content within its range from 1 to 20 mol %; (2) the
dependence of silver equilibrium potential on the Ag* concentration
corresponds to the single-electron reaction; and (3) platinum-
oxygen electrode potential is almost independent of Ag,Mo0O,
content.

The abovementioned indicates that silver in the sodium
tungstate solution exists in a form of single-charged cations Ag*,
that are not bonded with the O% ions.

Silver deposition potential is 0.5 - 0.6 V higher than that of
molybdenum. Insofar as there are no Ag-Mo alloys in the phase
diagram [6-8], silver may be supposed to somehow affect the
electrochemical deposition of the molybdenum carbide and, in so
doing, to affect properties of the electroplate.
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Fig. 4 Chronopotentiometric curves of Mo (1) and Ag (2) electrodes in the
Na,WO, melt with the sequential addition of MoO3 and Ag.MoO,. T = 1173 K.

3.2 The effect of silver and the electrolysis conditions on
electrochemical deposition of molybdenum carbide deposits

The effect of silver on the electrochemical deposition of Mo,C
coatings was studied earlier in a Na,WO4-Na,M00,-5mol.%Mo0;-
10mol.%Li,CO; melt. Silver molybdate was added within the
concentration range from 107 to 10" mol.%. A graphite crucible
(grade MPG-7) was used as the anode. Nickel plates (10 x 20 x 1
mm) were used as the cathodes. Electrochemical deposition of
Mo,C was performed at 1073 -1223 K and cathodic current density
of (2-50) x 10 A/m?. The deposit was subjected to X-ray analysis
(using a diffractometer DRON-2.0) and profilometric analysis
(using a profilograph PR-201). The thickness of the coatings was
measured by a high-speed indicator 2IGM.

Small additions of Ag,M00, (10°-10” mol.%) to the previously
studied electrolyte result in significantly decreasing the roughness
of the electroplate (the profile amplitude becomes lower than 1 um
instead of 2-3 um) and increasing its maximum thickness to 150
um. However, when Ag,Mo0O, content exceeds 102 mol %, the
deposit becomes spongy and their adhesion to the substrate
WOrsens.

At 1073 K and Ag,MoO, content 10°3-102 mol.% the spongy
deposits Mo,C-Ag are formed. In a temperature range of 1073 to
1123 K thin (up to 10 um) deposits are obtained, while above 1223
K they are again non-adhered and spongy. The optimum is a range
from 1123 to 1173K.

When cathodic current density is lower than 5 A/dm? the
metallic silver is mainly deposited, within the range 5-15 A/dm? it is
a Mo,C-Ag coating with proper adhesion, and at a higher current
density the dendrites rapidly begin to grow.

The co-deposited silver increases the free corrosion potential of
Mo,C by 0.7-0.8 V, i.e. from -1.05 + 0.05 to -0.35 £ 0.05V.

3.3 Corrosion-electrochemical behavior of steel 45 electro-
plated with molybdenum carbide, in the sodium polysulfide melt

Weight loss of the samples with a Mo,C-Ag electroplate after a
34-day test in the Na,S; melt at 623 K is 3.5 + 0.5 g/m? which is
comparable to the losses of the diffusionally chromized Steel 45.
This testifies the applicability of the electroplating for corrosion
protection of containers for sodium-sulfur chemical cells.

Cyclic potentiodynamic polarization curves of the electroplated
and diffusionally chromized Steel 45 recorded in the Na,S; melt at
623 K are similar (Fig. 5), being analogous to the curves of the
graphite electrode [9]. The cathodic peak A is attributed to a
formation of the blocking layer of Na,S, and the peak B is
attributed to the transformation of Na,S, to Na,S. Polarization
curves of samples with porous electroplate (Fig. 5) exhibit also
peaks C and D, which are peculiar to steel electrodes. The peaks
become more distinct with an increase in the test duration, thus
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indicating the accelerated etching of the defects. This fact can be
used to assess the quality of plating.
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Fig. 5 Cyclic potentiodynamic (0.01 V/s) polarization curves (T = 623 K) of
the coated steel 45 in Na,S; melt: (a) proper coatings: (1) diffusionally
chromized; (2) electroplated with molybdenum carbide - silver; (b) porous
with molybdenum carbide - silver coatings after exposure to the melt for 0.5 h
(1) and 3 h (2); uncoated steel 45 (3).

4. Conclusion

Electrochemical behavior of silver in tungstate-molybdate melts
was studied. The electrodeposition of silver proceeds according to
the single-electron reversible mechanism and is diffusionally
controlled. The effect of silver on the electroplating with
molybdenum carbide was also studied. Conditions for proper
electroplating were experimentally determined. The electroplates
may be recommended for pilot corrosion protection of containers
for sodium-sulfur chemical cells.
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