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Abstract
Full Text
R. B. Golubtsova

SELECTIVE ISOLATION OF METALLIC
COMPOUNDS FROM AN ALLOY OF THE
SYSTEM Ni3Al—Ni3Nb
(Presented by Academician I. I. Chernyaev, 15 VI 1964)

Metallic compounds (metallides) are characterized by special physical properties
(1); they constitute new substances sharply different from other known simple
substances and from the elements that form them (2).
In the development of phase analysis, methods of differentiated separation of
metallic compounds—phases based on the use of their chemical properties (3)
—should now be applied in combination with differentiated methods of electro-
chemical phase analysis.

The literature describes methods for the chemical separation of multiphase an-
odic precipitates into individual phases (3−5), based on selective chemical dis-
solution, by means of which the desired phase is left in the precipitate and the
remaining phases are transferred into the filtrate. X-ray structural analysis of
the precipitate must confirm the purity of the phase separation. These methods
have become widespread mainly in carbide analysis.

The present work is devoted to a study of the conditions for selective electrolytic
isolation of the metallic compounds Ni3Al and Ni3Nb, present together in a two-
phase alloy* with subsequent microchemical analysis of the anodic precipitates.
The phase diagram of the Ni3Al—Ni3Nb system was studied in (2).
To choose the optimum electrolyte composition for the selective electrochemical
isolation of the metallic compounds Ni3Al and Ni3Nb contained in the alloy
Ni3Al—Ni3Nb, the electrochemical behavior of this alloy in various electrolytes
was investigated. Anodic-polarization curves at various current densities were
recorded by the compensation method against a calomel electrode, using a high-
resistance P-300 potentiometer.** The best electrolytes (Fig. 1) for isolating
the Ni3Nb phase are electrolytes No. 8 (6) and No. 7 (7), which confirms the
regular relation between the electrochemical behavior of an alloy containing the
metallic compound Ni3Nb and the data on its solubility in various chemical
media that we had studied earlier. The character of the anodic-polarization
curve in electrolyte No. 8 depends on the nature of the electrolyte and especially
on the nature of the anions in the electrolyte solution, and also, evidently, on
the nature of the phase. Electrolyte No. 4 differs from electrolyte No. 8 by the
absence of HCl, which strongly shifts the potential.
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The anodic-polarization curves recorded in electrolytes VII and IV, tested for
isolating the Ni3Al phase, lie in the region of high electrode-potential values.
Anodic dissolution of the alloy in these electrolytes occurs with considerable
polarization, the magnitude of which indicates passivation of the alloy surface.
The best electrolyte for isolating the Ni3Al phase is electrolyte VII.

* The alloy was prepared by L. I. Pryakhina in connection with the study of its
quasi-ternary system 𝛾′-Ni3Al—Ni3Nb—Ni3Ti (13) and was provided to us.
** The curves were recorded by S. M. Savvateeva.

The potential of electrolyte IV lies in the region of high values. It should be
noted that the alloy studied by us does not dissolve anodically and no anodic
powder is precipitated in this electrolyte, which fully confirms the conclusion
of the authors of this electrolyte[^8], who established that in the indicated elec-
trolyte the Ni3Al phase can be anodically precipitated only in the presence of
chromium in the alloy.

The best electrolyte for the electrolytic isolation of the compound Ni3Nb is
electrolyte No. 8, which contains hydrochloric acid; this evidently gives the
smallest polarization value in comparison with electrolyte No. 4, which differs
by the absence of hydrochloric acid.

Fig. 1

Fig. 1. Curves of anodic polarization of a two-phase Ni—Al—Nb alloy (50%
Ni3Nb and 50% Ni3Al) in various electrolytes
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Fig. 2. Curves of anodic polarization of the metallic compound Ni3Nb and of
a nickel solid solution (with 2.5% Nb No. 6) in electrolytes Nos. 8 and 7 (see
caption to Fig. 1)

Separation of the two phases Ni3Nb and Ni3Al is based on the large difference in
the potentials of the alloy (Fig. 1), observed in electrolytes No. 8 and VII, which
creates conditions for the selective isolation of the indicated phases. This was
confirmed experimentally during anodic dissolution of the alloy in the selected
electrolytes.

A study of the electrochemical behavior of phases synthetically melted for
methodological purposes—Ni3Nb and a solid solution containing 2.5% Nb—in
various electrolytes showed that the greatest difference between the potentials
of the phase and the solid solution is observed in electrolyte No. 8 (Fig. 2).
In electrolyte No. 7[^9] this difference is considerably smaller. In the investi-
gated binary alloy containing two metallic compounds, Ni3Nb and Ni3Al, in
electrolyte No. 7 the magnitude of anodic polarization is insignificant; however,
this electrolyte has low electrical conductivity[^10], which limits the increase in
current density necessary for shortening the duration of anodic dissolution.

The dependence of the potential on time at a current density of 0.1 A/cm2 in
electrolyte VII (Fig. 3) and in electrolytes No. 8 and No. 7 (Fig. 4) shows that
these potentials are established rapidly.

The light-absorption curves, recorded on an SF-4 spectrophotometer, in elec-
trolytes VII and No. 8 lie in different regions, which, obviously, also indicates
the possibility of selective separation of the two metallic compounds Ni3Nb and
Ni3Al in the indicated electrolytes.

Fig. 3. Electrode potential of the alloy (50% Ni3Nb and 50% Ni3Al) as a
function of time in electrolyte VII (see caption to Fig. 1)

Fig. 4. Change in the anodic potential of the Ni—Nb—Al alloy (50% Ni3Al and
50% Ni3Nb) with time at a current density of 0.1/cm2 in electrolyte VII (see
caption to Fig. 1)

The dispersed powder released in the course of anodic dissolution on the speci-
men—the anode—was scraped off with a razor blade or scalpel into alcohol and
washed by centrifuging five times with ethyl alcohol, then five times with ether.
Drying of the anodic precipitate to constant weight was carried out in a cen-
trifuge tube according to the following regime: in a desiccator with P2O5 for
24 hours, then in a drying oven at 30° with a further gradual increase of the
temperature to 65°.

In the dried anodic powder (sample weight 0.01 g), the niobium content was
determined by the method proposed by the author (11), and aluminum by the
method of E. A. Kashkovskaya and I. S. Mustafina (12).

The results of the microchemical analysis of the anodic precipitate are presented
in Table 1.
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According to X-ray structural analysis, the anodic powder isolated in electrolyte
No. 1 is single-phase. The reflections on the X-ray pattern corresponded to the
reflections of the face-centered cubic lattice of Ni3Al with a period of 3.6035
kX. At the same time, the lattice period of the pure compound Ni3Al is 𝑎 =
3.562 kX (2). Thus, the anodic powder is a solid solution based on Ni3Al.
Calculated from the data of the microchemical analysis (Table 1), the anodic
powder contains (in wt. %): Ni3Al 62.57, Ni3Nb 37.43. According to the phase
diagram, this composition corresponds to the composition of the limiting solid
solution released during the anodic dissolution of the initial alloy.

Table 1

Results of microchemical determination of the composition of the anodic pre-
cipitate isolated at a current density of 0.10 A/cm2. Alloy composition: Ni3Al
50%, Ni3Nb 50%. Electrolyte No. 1. 20 ml HClO4 (57%), 50 ml HNO3 (sp. gr.
1.40), 1000 ml CH3OH. Duration of experiment 1.5 hours.
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Ni Nb Al Sum Ni/AlNi/NbNi Nb Al Sum Ni/AlNi/Nb
0.05557.54 78.8312.938.24 100.0054.33

8.24 =
6.59

24.50
12.93 =
1.896

75.187.77 17.05100.0 51.87
17.05 =

3
23.31
7.77 =
3

Ni3Al;
𝑎 =
3.6035
kX

* X-ray structural analysis in all experiments was carried out by K. N. Myas-
nikova.

Theoretically, in the compound Ni3Al, Ni/Al = 6.52, and in Ni3Nb, Ni/Nb =
1.895. The results obtained (Table 1) are in agreement with the theoretical
values. Thus, 37.43% of the Ni3Nb phase is dissolved in 62.57% of the Ni3Al
phase. These data fully correspond to the phase diagram (2).

Table 2

Microchemical determination of the composition of the anodic precipitate. Alloy
composition: Ni3Al 50%, Ni3Nb 50%; electrolyte No. 2. 50 ml HClO4 (57%),
10 ml HCl (sp. gr. 1.19%), 35 g citric acid, 1000 ml CH3OH
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For the selective isolation from the alloy of the Ni3Nb phase, electrolyte No. 2
was used. The experiments were carried out at various current densities. The
results of the microchemical analysis are presented in Table 2.

According to the conclusion of the X-ray structural analysis, the anodic powder
is also single-phase, consisting of the Ni3Nb phase, in which the Ni3Al phase is
dissolved.

According to the microchemical analysis data (Table 2), the anodic precipitate
contains 96.8 wt. % Ni3Nb and 3.31 wt. % Ni3Al, which corresponds to the
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composition of the limiting solid solution of Ni3Al in Ni3Nb and fully coincides
with the data of the phase diagram (2), and also confirms the solubility limit
tentatively established by Mintz et al. (2).

The investigation carried out showed the selective action of the chosen elec-
trolytes, making it possible, in a differentiated manner, by electrochemical (an-
odic) dissolution in them, to isolate metallide phases from an alloy with a two-
phase structure.
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