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In this work the peculiarities of the electrochemical dissolution of tantalum and titanium in 
carbamide containing low temperature melts were studied.
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1. Introduction

The investigation of electrode processes with par­
ticipation of refractory metals (Ta, Ti) in different 
high-temperature melts was conducted by a large 
number of authors for several decades. The interpreta­
tion of the experimental results is ambiguous because 
of polyvalent changes that take place at the electrodes. 
In one of the latest reviews [1], a systematization of 
the findings was performed. We failed to find litera­
ture data on electrode processes on refractory metals 
in low-temperature melts, except our investigations 
[2, 3].

The aim of this work is to study the peculiarities of 
the electrochemical dissolution of tantalum and tita­
nium in carbamide containing low temperature melts.

The electrochemical study of the anodic be­
haviour of metals in a carbamide-ammonium chloride 
(16.8 mol.%) melt was conducted by recording cyclic 
voltamperic curves with a PI-50-1 potentiostat. A 
metal electrode with a working surface of 5.8-10~3 m2 
was used as a working electrode. The auxiliary elec­
trode was platinum plate. The potential was measured 
against a silver reference electrode (Ag/carbamide + 
NH4N 0 3 (16 mol.%) + 0.07 mol kg“ 1 A gN 03). Ex­
periments were carried out in the temperature range 
100 to 140 °C under argon.

The state of the metal ions in the melts was in­
vestigated by spectroscopic methods: UV/VIS were

taken during anodic ( ja = (5 - 150) mA/sm-2 ) dis­
solution of metals with Specord UV/VIS and IKS- 
14 spectrophotometers, and Raman spectra, taken in 
‘quanced’ melts (DFS-24 spectrometers). The elec­
trode surface was analyzed in with Auger-spectro- 
meter 09 IOS-1. The reagents (carbamide and salts) 
were dried in argon, and their mixtures were predried 
in vacuum at 80 °C.

During the investigation of Ta- and Ti-electroche- 
mical dissolution it was found that these metals are 
passive in carbamide-based melts, but the degrees of 
their passivation are different. The composition of the 
passive film in the stationary state and under polarisa­
tion of the anode was studied by Auger spectroscopy. 
A carbamide film is generally formed on the metal 
(Ta, Ti) surface in the stationary state. During polari­
sation of the electrodes, the composition of the films 
changed.

In case of the Ta electrode, the concentration of 
oxygen increases and the surface film is converted 
into an oxide film. In case of Ti, the changes of 
the surface film during the first steps of polarisa­
tion are negligible, but gradually the oxygen and 
chlorine concentration increases and oxychloride of 
Ti is formed on the electrode surface at potentials
> 0.25 V. Therefore the dissolution of these metals has 
peculiarities.

The depassivation of the carbamide film formed 
on the Ti electrode takes place comparatively read-
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Fig. 1. Cyclic voltamperogramm of a Ti electrode in carb- 
amide-NH4Cl melt at 130 °C; scan rate: 0.1 V/s.

ily. The titanium dissolution wave appears in the 
first forward cycle of the cyclogram of the Ti elec­
trode in the carbamide-NH4Cl melt. It follows that 
the depassivation of Cl-  is sufficient for Ti elec­
trodissolution and formation, according gravimet­
ric and spectroscopic data, of octahedral complexes 
[Ti(CO(NH2)2)6]2+ in the melt. But the oxychloride 
formation on the Ti surface under polarisation leads 
to an increase of the electrodes passivation. As a re­
sult, in the first cycle only one wave is observed on 
the cyclograms. After increasing the positive potential 
and reaching the transpassive potential region, how­
ever, two more waves appear on the reverse sweep at 
more positive potentials than the Ti(II) wave. (It was 
shown by us [2] that, at a potential larger than 1 V, the 
depassivator (NC13) is formed during the electrolyse 
of the carbamide-NH4Cl melt.) All three waves are 
observed in the subsequent cycles of anodic cyclic 
voltammograms. They reflect the sequential oxida­
tion of Ti(II) to Ti(III) and Ti(IV) (gravimetric and

Fig. 2. Cyclic voltamperogramm of a Ta electrode in carb- 
amide-NH4Cl at 130 °C: the first cyclic curve and the cyclic 
curve after 5 subsequent cycles; scan rate: 0.1 V/s; T  = 
130 °C.

spectroscopic data). It is meant, that for depassivation 
of a Ti oxychloride film, formed on the Ti electrode, a 
stronger depassivator (NC13) than for carbamide film 
depassivation (Cl- ) is necessary.

The main cause that determined the peculiarities of 
the electrochemical behaviour of tantalum in a carb- 
amide-chloride melt is the strong passivation of the 
metal. Due to formation of an oxide film on the Ta 
surface, under polarisation the metal dissolution wave 
is absent in the two or three subsequent cycles when 
taking the anodic part of cyclograms, cf. Figure 2. 
When taking a full cyclic voltammogram, the tanta­
lum dissolution wave appears only in the fifth or sixth 
cycle due to the growth of a passive film while the 
electrode stays in the melt. For the appearance of the 
dissolution wave, the formation and accumulation of a 
certain amount of depassivator in the transpassive re­
gion on repeated cycles is necessary. To accumulate 
the depassivator, repeated cycling is not necessary. 
The electrolysis can be carried out in 15 and more 
minutes at the potentials of the transpassive region; 
then the tantalum dissolution wave can be observed 
right away in the first cycle. After electrochemical dis­
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solution, Ta is transferred into the melt as octahedral 
complexes, type [TaCl6]- .

The peculiarities of the Ti and Ta electrochemical 
dissolution in carbamide-NH4Cl may be caused by a

different degree of passivation, different composition 
of the passive film and different solubility of metal 
compounds that form the passive films.
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