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Application of Ammonium Carbonate Solutions
in Electrochemical Technology of Heavy Alloy
Waste Processing

O G Kuznetsova *, A M Levin °, M A Sevostyanov ®, O | Tsybin ©® & A O Bolshikh *

Abstract- The electrochemical behavior of the VNZhK alloy
waste (Wt.%: W 90, Ni 7,2, Fe 1,8, Co 1) in a solution of
(NH,),CO; 1M was investigated by using the methods of cyclic
voltammetry in the potentiodynamic mode, potentiostatic
electrolysis and electrolysis under the action of alternating
current (industrial frequency 50 Hz). It was found, that the
highest oxidation rate of VNZhK alloy waste (1700 mg /cm?2-h)
is achieved by using alternating current, and the highest
current efficiency (about 100%) - by using direct current. A
technological scheme was proposed for recovery of tungsten
from the heavy tungsten alloy waste in the form of ammonium
paratungstate.

[ INTRODUCTION

esearch in the field of tungsten-containing
QSecondary raw materials processing is now

widespread [1-10]. Electrochemical technologies
for recycling tungsten from waste of metalized tungsten-
containing raw materials, including heavy tungsten
alloys (WHAs), are often based on the use of alkaline
solutions [11-15]. Despite the fact, that alkaline
electrolytes have a higher electrical conductivity
compared to ammonium carbonate solutions [16, 17],
the use of the latter in the electrochemical processing of
WHAs can significantly simplify the production of a
commercial product - ammonium paratungstate (APM).
The extraction of tungsten from traditional alkaline
solutions, as well as ammonium alkaline tungsten-
containing solutions, is based on their neutralization with
acids and precipitation of tungstic acid. Tungstic acid is
further purified to achieve the necessary requirements.
In this work, we propose the use of an ammonium
carbonate solution as an electrolyte for processing of
WHAs waste of the VNZhK type. It will simplify the
separation of tungsten from the rest of the alloy
components (metals of the iron subgroup), and at the
same time, the use of significant volumes of acids will
be excluded from the technological process. Also there
will be no need to dispose of concentrated salt
solutions. The proposed approach prevents a decrease
in the purity of the APM by impurities from the
electrolyte. The use of ammonium carbonate solutions in
the WHAs electrochemical processing contributes to an
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increase in the environmental safety of production and
also reduces the number of technological operations
when obtaining the final product - APM.

[1. EXPERIMENTAL PART

The anodic behavior of the VNZhK alloy waste
(wt.%: W 90, Ni 7,2, Fe 1,8, Co 1) was studied by linear
voltammetry in a potentiodynamic mode using an IPC-
Pro potentiostat. The VNZhK alloy waste was applied as
a working electrode. The measurements were carried
out relative to a saturated chlorine-silver reference
electrode with an auxiliary glassy-carbon electrode. The
potential sweep speed was 1 mV/s. The samples were
preliminarily washed with hydrochloric acid (4M) and
distiled water. All studies were carried out in a
ammonium carbonate solution 1M. This is due, on the
one hand, to sufficient electrical conductivity of the
electrolyte, and on the other hand, to the possibility of
achieving a high concentration of tungsten in the
electrolyte [17]. The solution temperature 20°C was
maintained using a thermostat TW2-02. Potentiostatic
dissolution of VNZhK alloy waste under the action of
direct current (DC) in a solution of ammonium
carbonate 1M was carried out at a potential of +0,25V,
using an auxiliary glassy-carbon electrode at a
temperature of 20°C. Dissolution of the VNZhK alloy
waste under the influence of alternating current (AC)
was carried out at the industrial frequency 50 Hz, using
two electrodes made of the processed material at a
temperature of 20 °C. The completeness of the tungsten
leaching from the VNZhK alloy surface during its
electrochemical processing under the action of DC in a
potentiostatic mode was determined using X-ray
spectral analysis (ISM-6380LV equipped with an Energy
250 analyser and X-ray diffractometry (ARL XTRA). The
content of tungsten oxide in ammonium paratungstate
was determined by the gravimetric method [18].

The anodic polarization of the VNZhK alloy in
the (NH,),CO, 1M solution is shown in Figure 1. Curves
1 - 3 in Figure 1 represent three cycles of volt-ampere
curves of the VNZhK alloy waste in the potential range
from -0,25 to +1,25 V, scanned sequentially one after
the other. Curve 4 in Figure 1 is the last cycle of the
volt-ampere curve, after which its appearance practically
does not change. It is associated with the complete
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leaching of tungsten from the surface of the alloy.
Figure 1 shows that the polarization curves have a
shape, which is typical for materials, that tend to
passivation. The initial part of the polarization curves (in
the potential range from -0.25 to +0.25 V) is associated
with the oxidation of tungsten and its transition into
solution. It can be seen, that with each subsequent

cycle the value of the maximum anodic current density
decreases during alloy dissolution. It drops from 170
mA/cm? for a fresh alloy surface to 40 mA/cm? for alloy
surface completely leached with tungsten and enriched
with iron, nickel and cobalt.
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Figure 1. Anode polarization curves of VNZhK alloy waste in solution (NH,),CO; 1M. 1- the first cycle, 2 - the second
cycle, 3 - the last cycle after complete leaching of tungsten from the surface of the alloy

Electrochemical dissolution of VNZzZhK alloy
waste under the action of a DC was carried out in a
potentiostatic mode at a potential of +0,25 V, which
corresponds to the maximum anodic current density of
the investigated alloy in electrolyte (NH,),CO, 1M. It was
found, that the dissolution of the VNZhK alloy waste is
carried out at a rate of 150 mg/cm?h and current
efficiency close to 100% (based on the ionization of
tungsten in the oxidation state +6) with a degree of
tungsten extraction into the solution - 99,5%. At the
same time, it was found that, the use of ammonium
carbonate electrolytes, as well as alkaline and
ammonium alkaline solutions, leads to decrease in the
dissolution rate of investigated alloy in the process of
electrochemical leaching of tungsten from the surface of
the WHAs under the action of DC [19]. The use of AC
makes it possible to overcome this obstacle [14].

Figure 2 shows the dependence of the oxidation
rate of the VNZhK alloy waste and its current efficiency
on the alternating current density in the (NH,),CO; 1M
solution. It can be seen, that current density growth
from 1 to 7 A/cm? leads to a manifold increase in the
oxidation rate of the alloy from 100 to 1700 mg/cm?h.
The process is accompanied by an increase in the
current efficiency only from 3 to 33%. It is important to
note the similarity of the electrochemical behavior of the
VNZhK alloy in ammonium carbonate and ammonium
alkaline solutions under the action of AC [14, 20]. In
both cases, the transition of tungsten into solution is
accompanied by the concentration of the iron subgroup
metals in the finely dispersed electrolysis residue.

oxidation rate, current
mg/cmzh 1500 - T efficiency. %
- 40
1000 A L 30
- 20
500 A
- 10
0 T T T T T T T 0

0 1 2 3

4 D 6 7

current density, A/cm?

Figure 2: Dependences of oxidation rate (1) of VNZhK alloy waste and its current efficiency (2) on the alternating
current density in solution (NH,),CO4 1M.
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In order to optimize the electrolysis energy
parameters, it is advisable to carry out the processing of
WHAs by using both DC and AC. In this case, DC is
most effective in cases, where the surface of the
processed alloy is enriched with tungsten, and AC -
when tungsten is already leached from the alloy surface
and it needs to be renewed through the formation of a
residue of the iron subgroup metals oxides in the form
micro-dispersed powder [14, 20].

When the concentration of tungsten in the
electrolyte reached 50 g/l, the latter was evaporated at a
temperature of 70-80°C until the odor of ammonia was
removed in order to obtain APM. The precipitated APM
was washed and dried at 90°C. The content of WO , in
the obtained APM was 87,4 wt.%.

A schematic diagram for the processing of
tungsten alloy waste of the VNZhK type under the action
of DC and AC in ammonium carbonate solutions is
shown in Figure 3. Tungsten passes from the alloy into
the electrolyte as a result of the electrochemical
dissolution of the alloy under the action of AC and DC.

Heavy tungsten alloy waste of VNZhK type

L 4

The electrolyte is evaporated, and excess of ammonium
carbonate decomposes into ammonia and carbon
dioxide, released in the form of gases. The process is
accompanied by crystallization of APM. Nickel, iron and
cobalt are concentrated in the oxide form as micro-
dispersed electrolysis residue, which is filtered before
the electrolyte evaporation stage. Traces of tungsten
oxides in micro-dispersed residue are leached with an
ammonium carbonate solution and returned to the stage
of electrochemical dissolution of VNZhK alloy waste.

[11.

The electrochemical behavior of heavy tungsten
alloy waste of the VNZhK type in a 1 M ammonium
carbonate solution was investigated. It was found, that
the optimal value of the alloy dissolution potential was +
0,25 V in the investigated electrolyte. It was shown, that
the dissolution rate of the alloy was 150 mg/cm?h at its
current efficiency of ~ 100% in the process of
potentiostatic electrolysis.

CONCLUSIONS
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Figure 3. Schematic diagram for the recycling of heavy tungsten alloys of VNZhK type in ammonium carbonate
solutions

The change in the oxidation rate of heavy
tungsten alloy waste of the VNZhK type and its current
efficiency depending on the alternating current density
of the industrial frequency in the range from 1 to 7 A/cm?
was investigated. It was revealed, that the oxidation rate
of alloy increased to 1700 mg/cm?h at a current density
of 7 A/lem? but its current efficiency was about 30%.

A technological scheme for processing heavy
tungsten alloy waste of the VNZhK type in ammonium
carbonate solutions using direct and alternating electric
current was proposed.

The work was carried out according to the state
ask 075-00328-21-00.
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