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Abstract. The object of the research is the process of electrochemical
anodic dissolution of heat-resistant nickel superalloy as a method of regeneration
of alloying components for food equipment materials. Scrap recycling is carried
out in an environmentally friendly way, which consists in low-temperature
anodic treatment without the use of energy-consuming and harmful
metallurgical methods. The starting material was obtained from spent
components of high-temperature equipment. The work investigated the anodic
dissolution of the specified alloy in environments based on sulfuric and
methanesulfonic acids, and also performed a comparative analysis of the results
obtained by cyclic voltammetry and galvanostatic measurements. It is shown
that in an electrolyte based on H2SOs, anodic processes are characterized by
higher current density values, which indicates their greater intensity. At the same
time, this method records not only currents associated with metal dissolution,
but also the contribution of side reactions, such as oxygen evolution and
secondary oxidation of ions in the solution. In contrast, galvanostatic
experiments, which allow for direct assessment of the mass loss of the alloy,
have shown that the system based on methanesulfonic acid with the addition of
sodium chloride provides higher dissolution rates, despite the lower electrical
conductivity of the electrolyte. This effect is explained by the increased
solubility and stability of methanesulfonate complexes of alloying elements,
which reduces the likelihood of passivation of the electrode surface. In a sulfuric
acid environment, dissolution occurs more evenly, but with less efficiency in
terms of mass, which is associated with the formation of poorly soluble sulfate
compounds. It has been established that in the electrolyte CHsSOsH + NaCl in
the range of current densities of 1.5-2.5 A-dm™ the ratio of nickel, chromium,
cobalt, tungsten and rhenium in the solution is as close as possible to the
composition of the original alloy. This ensures the transition of rhenium into the
solution, while in a sulfuric acid environment it is not detected. The results
obtained can be used to optimize the initial stage of processing heat-resistant
superalloys, as well as in the development of electrochemical technologies for
the extraction of strategically important metals used as alloying components in
the creation of food equipment.

Keywords: food production equipment materials, methanesulfonate
solution, processing of superalloys, electrochemical dissolution, rhenium
extraction, nickel-containing superalloy

Introduction. Formulation of the problem

which  determines the predominant use of

multicomponent alloys [1]. This is explained by the

The modern level of engineering development
involves the use of materials capable of satisfying a
complex of diverse operational requirements. The
leading place among them is occupied by metals and
their alloys, which are widely used both in the domestic
sphere and in technical systems. At the same time,
individual metals, as a rule, do not provide the necessary
set of properties for operation in difficult conditions,
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possibility of purposeful regulation of their
characteristics by introducing alloying additives, which
allow varying corrosion resistance, hardness, wear
resistance, thermal stability, plasticity and other
functional parameters [2, 3].

The composition of alloys is formed by a wide
range of metallic and non-metallic components. Highly
specialized technical applications require materials with
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unique properties that can function in conditions that
differ significantly from standard operating conditions.
In particular, elements of turbine installations must
demonstrate increased resistance to oxidation at high
temperatures, maintain stability of mechanical and
physicochemical characteristics in a wide temperature
range, and withstand cyclic thermal loads without
structural degradation [4].

An effective solution to such problems has been
the creation of heat-resistant superalloys, in particular
systems containing rhenium and other alloying
components. Their composition may include aluminum,
boron, carbon, cobalt, chromium, copper, manganese,
molybdenum, nickel, phosphorus, rhenium, sulfur,
silicon, tin, tantalum, titanium, vanadium, tungsten and
other elements [5, 6].

For Ukraine, a number of these components (in
particular, Co, Cr, Ni, Mo, W, Re, Ta, Sn, Bi, B) are
critically scarce due to the limited or absence of its own
mineral and raw material base [7]. In this regard,
meeting the needs for such elements largely depends on
imported supplies, which creates risks in terms of
resource and technological security. Additionally, the
situation is complicated by the instability of world
markets and geopolitical factors [8]. These metals are
key for the development of high-tech industries and the
formation of competitive materials [9]. In particular, Co,
Ni, Mo, Cr are necessary for the creation of alloys with
increased hardness, corrosion resistance and durability
[10, 11]. Such components are necessary for the creation
of stainless steels, which are the key material for food
production equipment.

In these conditions, the development of effective
technologies for processing secondary raw materials, in
particular waste alloys, with the provision of highly
selective extraction of valuable components is a relevant
direction [12]. This opens up the possibility of forming
strategic reserves of scarce metals at the national level.
Given the presence of significant volumes of scrap
specialized equipment, including turbine assemblies,
the issue of their comprehensive processing acquires
special scientific and practical significance.

The materials used in the manufacture of turbine
blades and discs, as well as combustion chamber
elements, are usually nickel- and cobalt-containing
heat-resistant superalloys alloyed with a number of
refractory elements [13]. This chemical composition
indicates a significant potential for secondary extraction
of strategically important metals in the recycling
process.

However, the initial stages of recycling such
materials are complicated by their high mechanical
strength and chemical inertness, which ensure durability
in operating conditions, but at the same time reduce the
efficiency of traditional recycling methods [14]. This
necessitates the use of specialized approaches to their
destruction.
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One of the promising methods is electrochemical
dissolution in aqueous electrolytes, which combines
chemical interaction with anodic oxidation under the
action of electric current. As a result, both soluble ionic
forms of metals and solid products are formed, suitable
for further extraction at subsequent stages of processing.
This method of processing secondary materials is
energy-saving and more environmentally friendly
compared to metallurgical methods of metal
regeneration. Therefore, optimization of the electrolyte
composition and electrolysis modes is a determining
factor in ensuring the efficiency of the superalloy
processing process.

Analysis of recent research and publications

188

In [15], the electrochemical dissolution process of
the superalloy, characterized by a tungsten matrix with
a nickel-iron bond, in HCI solutions, as well as in HCI-
NaCl and HCI-FeCl; systems, was analyzed. It was
shown that in a 9% HCI environment with the addition
of NaCl, selective dissolution of the metallic bond is
possible. At the same time, the study was limited to the
analysis of current-voltage dependences and was
performed for an alloy with a different chemical
composition.

In another work [16], the selective dissolution of a
number of superalloys (TC20SA, TN8, TNI, TNSD) in
a 9% HCI solution was considered. For the TC20SA
alloy, the possibility of selective anodic dissolution at a
current density of 15 A/dm? was established. A decrease
in the process speed was also found due to the depletion
of the metallic bond and the accumulation of the inert
WC phase. However, the experimental part is limited to
the study of current-voltage characteristics without
conducting long-term galvanostatic tests, and the
chemical composition of the considered materials is
significantly different from the ZHS32 alloy.

In the study [17], a two-stage leaching technology
was proposed for the processing of the superalloy PWA-
1484. In the first stage, pyrometallurgical treatment was
carried out at 1500°C with subsequent grinding of the
material to a size of about 150 um. This was followed
by acid leaching, during which Ni, Co, Cr and Al went
into solution, while rhenium was concentrated in the
solid phase. In the next stage, Re was extracted by
oxidation with electrogenerated chlorine in an HCI
environment. This approach, however, is characterized
by increased energy consumption compared to
traditional chemical-electrochemical methods.

In [18], the processing of the nickel superalloy
CMSX-4 (with a rhenium content of about 3%) in a
mixture of HNO3 and HCI was investigated. It was
found that the use of ultrasonication does not lead to an
increase in the yield of rhenium. At the same time, the
possibility of fractional precipitation was shown: at pH
~5, a mixture of Al, Cr, Mo, and Ti oxides is formed,
and at pH =7, Co and Ni hydroxides are formed, while
rhenium remains in solution for further extraction.
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It should be noted that the formation of
multicomponent oxide mixtures reduces the commercial
attractiveness of the products due to the need for
additional separation. In addition, the use of mixtures of
the "aqua regia" type is accompanied by the release of
toxic and carcinogenic gaseous products, in particular
nitrogen oxides and chlorine.

In the study [19], the kinetic patterns of chemical
dissolution of crushed waste of heat-resistant nickel
alloy (particle size 0.063-0.1 mm) in various acids
(HNQOs, HCI, H2SO4) and their mixtures at variable
temperatures were studied. The most effective
conditions were determined to be leaching in 3 M H2SO4
at 100°C for 6 hours, which ensures almost complete
dissolution of nickel. At the same time, the lack of
studies of combined chemical-electrochemical modes
limits the possibilities of intensification of the process.

In [20], a comparative analysis of acid and
biological leaching of Ni/Co-containing superalloys
was conducted. It was found that the use of H,SO, at
85°C allows to achieve Ni and Co extraction at a level
of up to 96% within a few hours, while bioleaching is
much slower, although more environmentally
acceptable. In this case, combined schemes with
electrochemical activation were not considered.

n the publication [21], a preliminary stage of
sulfurization of the superalloy GH4169 in a sulfur
environment at 600-800°C was proposed. As a result,
Ni, Co, and Cr are converted into sulfide forms
characterized by increased solubility in acids. Pyrite and
nickel matte were used as sulfurizing agents. This
approach is considered as an alternative to oxidative
calcination to increase the degree of extraction of
refractory elements (Re, W, Ta), but is associated with
potential environmental risks due to the use of sulfur-
containing materials at high temperatures.

In the study [22], a method of selective nickel
extraction by treating a nickel superalloy with a Mg—Zn
melt was proposed. Under the conditions of a
temperature of 800°C, a molar ratio of Mg/Zn = 9:1, a
mass ratio of melt/alloy = 5:1, and a process duration of
240 min, a Ni extraction degree of 97.1% was achieved,
while the extraction of Fe, Cr, and refractory
components (Nb, Mo, Ti) did not exceed 1%. The
disadvantage of the approach is the lack of further
comprehensive processing of the residual phase.

In [23], ultrasonic leaching of nickel superalloys
containing rare metals, including rhenium, was
investigated. It was shown that regulation of electrode
potential and pH of the medium allows controlling the
leaching and separation processes. The use of
ultrasound provides an increase in the degree of
extraction by approximately 20% compared to
traditional methods, and two-stage precipitation allows
for the effective recovery of rare metals without the
formation of significant volumes of acid waste.
However, the economic feasibility of such an approach
is limited.
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In [24], the electrochemical dissolution of cast
superalloy K423A was investigated. A significant
influence of microstructural factors, in particular the
distribution of carbon and carbide phases in the matrix
and at grain boundaries, on the stability of the process
was established. It was shown that effective and stable
dissolution can be achieved in a 10% NaNOs solution at
a temperature of 40°C. At the same time, more
aggressive electrolyte systems were not the subject of
the study.

The analysis of the literature data shows that
existing approaches are either based on a limited
experimental base, or concern materials with different
chemical composition, or are accompanied by
significant energy and environmental limitations. In
addition, most works do not pay enough attention to the
speed of the initial stage of processing as one of the key
technical and economic indicators of the process.

In contrast, in [25] the use of H,SOs, HCI,
methanesulfonic acid and NaCl as basic electrolyte
systems for intensification of dissolution of the ZHS32
alloy is justified. These reagents are characterized by a
relatively low environmental load and economic
feasibility, and are also able to reduce the energy costs
of the process. It was experimentally established that the
maximum dissolution rate is achieved in the 0.5 M NaCl
+ HCI system, while for sulfuric and methanesulfonic
acids this indicator is lower. In this regard, it is relevant
to study the synergistic effect of combined electrolytes,
in particular the systems “NaCl + H,SO4” and “NaCl +
methanesulfonic acid”, in order to increase the
dissolution rate while maintaining environmental and
economic advantages.

Leaching of superalloys is usually carried out
using sulfuric, hydrochloric, or nitric acids [25]. At the
same time, the development of modern technologies has
ensured the industrial production of methanesulfonic
acid, which forms highly water-soluble metal salts [15].

Purpose and objectives of the study

The purpose of this work is to investigate the
possibilities of intensifying the anodic dissolution of a
heat-resistant superalloy containing rhenium and
associated valuable metals (Ni, Cr, Co, Al, Ta, Nb, W)
in acidic electrolytes in the presence of sodium chloride.
It is assumed that the use of combined systems based on
mineral acids (in particular H,SO4 and methanesulfonic
acid) in combination with NaCl will contribute to
increasing the kinetics of the process, and can also
ensure the selectivity of dissolution of individual
components without the use of environmentally
hazardous reagents.

To achieve the goal, the following tasks were
formulated:

— to investigate the effect of combining selected
acidic media with NaCl on the course of electrochemical
anodic dissolution of the superalloy;

— to determine the optimal conditions that ensure
the intensification of the process and create the
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prerequisites for the selective extraction of rhenium
and/or other valuable elements.

Research materials and methods

All reagents used in the work were of a grade not
lower than analytical grade.

The electrochemical characteristics of the alloy
were studied using an MTech SPG-500fast potentiostat.
Graphite was used as an auxiliary electrode in the
measuring cell, and the Ag|AgCl system in 3.5 M KCI
solution was used as a reference electrode. The
experiments were performed at a temperature of 20°C.
Cyclic current-voltage dependences were recorded at a
potential scan rate of 50 mV/s in a given interval, which,
as a rule, ranged from +0.9 to —-0.2 V. Each series of
measurements included five consecutive cycles.

Superalloy samples obtained from turbine
elements were previously thoroughly cleaned with
running and distilled water. Immediately before
measurements, the electrode surface was mechanically
renewed using abrasive paper with a grain size of 80 um,
after which degreasing was carried out by sequential
treatment with acetone and alcohol. For correct
determination of the specific electrochemical activity,
the area of the working electrode was standardized by
partially insulating the surface with a PTFE film,
leaving only the controlled active area open.

Galvanostatic studies were carried out in an
electrolytic cell with a membrane separation of the
anode and cathode spaces. The working volume of the
electrolyte was 500 ml. A sample of the alloy under
study was placed in the anode compartment, while a
copper electrode was placed in the cathode
compartment.

The electrochemical cell was connected to a BVP
Electronics Home Tools regulated DC power supply, in
series with a copper coulometer, which was used to
determine the amount of electricity passed (Q). The loss
of alloy mass due to dissolution was estimated by the
difference in sample mass before and after the
experiment, using an analytical balance with an
accuracy of 10 g.

After electrochemical dissolution, the resulting
solutions were subjected to analytical control for the
content of Ni, Co, Cr ions (total concentration), as well
as Mo, Ni, Cr (separately) and Re. The cobalt
concentration was determined by calculation as the
difference between the total content of Ni, Co, Cr and
individually determined concentrations of Ni and Cr.

Determination of the total concentration of Ni, Co,
Cr. A 2 ml aliquot was transferred to a conical flask, 50
ml of distilled water, 10 ml of buffer solution and
murexide indicator were added [26]. Titration was
carried out with a 0.1 N solution of Trilon B using a 25
ml burette until a characteristic violet-blue color
appeared. The calculation of the concentrations and
masses of dissolved metals was carried out based on the
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law of equivalents, taking into account the consumption
of the titrant.

Determination of tungsten. A 100 ml sample of the
anode solution was treated with 5 g of CaCl,. The
system was kept at room temperature until a calcium
tungstate precipitate formed. The precipitate was
filtered, dried and weighed, after which the tungsten
content was calculated from the data obtained.

Individual determination of nickel. An aliquot of
0.1 ml was placed in a 100 ml volumetric flask, 20 ml
of distilled water, 2 ml of (NH4)2S20s, about 20 drops of
ammonia and 1 ml of 5% KOH solution with 1%
dimethylglyoxime were added sequentially. After
standing for 10 min, the volume was brought to the mark
with distilled water. The optical density was measured
on a photoelectrocolorimeter at a wavelength of 490 nm.
The nickel concentration was determined according to
the previously constructed calibration dependence
“optical density — concentration”.

Individual determination of chromium. 15 ml of
0.1 N Trilon B solution was added to a 50 ml heat-
resistant glass, 2 ml of concentrated acetic acid and 2 ml
of the analyzed solution were added. The mixture was
boiled for 5 min, cooled, quantitatively transferred to a
50 ml volumetric flask and made up to volume with
water. Optical density measurements were performed at
a wavelength of 540 nm, and the concentration was
determined according to the calibration graph.

Rhenium determination. A 100 ml aliquot of the
anode solution was treated with 5 g of KCI, after which
the system was cooled in an ice bath until potassium
perrhenate crystallized. The precipitate was filtered,
dried, and weighed, after which the rhenium content in
the starting solution was calculated from the mass of the
precipitate.

Results of the research and their discussion

190

Fig. 1 and 2 present the results of cyclic
voltammetry of the superalloy in the electrolyte systems
0.3 M NaCl + 0.5 M H,SO4 and 0.3 M NaCl + 0.5 M
CH3SO3H. It was found that in the environment with the
addition of sulfuric acid, the anodic processes are
characterized by higher intensity, which is manifested in
increased current density values compared to the
electrolyte based on methanesulfonic acid.

On the anodic branch of the current-voltage curves
for the system with H2SOs, there are several peaks,
which are probably associated with the oxidation of
components present at the initial stage of the process.
The intensity of these peaks is maximum during the first
cycle and gradually decreases during subsequent scans,
practically disappearing. A similar trend is observed for
the electrolyte containing methanesulfonic acid.

This phenomenon can be explained by the
presence of oxide films or adsorbed particles (ions or
molecules) on the electrode surface, which undergo
irreversible oxidation during anodic polarization and are
not restored within the studied potential interval [27].

Volume 20 Issue 2/2026



EKorozisi i 0XopOHa HABKOAUWIHBO20 cepedosuLya 6 acriekmi Xapoeux upobHuyme/ Ecology and environmental protection in the aspect of food production

i, mA: em’”
1
2
| 3
20 4
5
10
0 1 %
10 {/

-0,2 0,0 0,2 0,4 0,6 0,8 E.V

Fig. 1. Cyclic current-voltage curves obtained for
the superalloy in a solution of 0.5 M H2SO4 + 0.3 M
NaCl. 1-5 - cycle number
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Fig. 2. Cyclic current-voltage curves obtained
for the superalloy in a solution of 0.5 M CH3SOsH +
0.3 M NacCl. 1-5 - cycle number

It should be emphasized that the results of cyclic
voltammetry reflect the total current response, which
includes both the processes of anodic metal dissolution
and the contribution of side reactions, in particular
oxygen evolution and further oxidation of already
dissolved components. In this regard, the interpretation
of the electrochemical behavior solely on the basis of
CVA is limited.

In view of this, it is advisable to conduct
galvanostatic experiments with direct determination of
mass losses of the alloy at different values of current
density. This approach allows us to quantitatively assess
the efficiency of anodic dissolution depending on the
electrolysis mode, as well as analyze the selectivity of
the transition of individual components into the
solution. Fig. 3 presents the values of absolute
dissolution rates (g-dm2-h™'). It was found that at low
current densities the process speed for both electrolyte
systems is comparable. However, with increasing
current density, the dissolution intensity in the

XapuoBa Hayka i Texrosorist / Food science and technology

191

methanesulfonic acid medium with the addition of NaCl
increases significantly and exceeds the corresponding
indicators for the system based on H;SOs4 + NaCl.
Therefore, in the range of current densities of
approximately 1.5-3.5 A-dm?, the CH3SO3H + NaCl
electrolyte demonstrates higher efficiency of anodic
dissolution of the studied superalloy.

Va, g-dm™ '
2,5 1
20 A - |
— 2 M
1,5 A M
1,0 1
0,5 4

05 10 15 20 25 30 35

i, A-dm™
Fig. 3. Dependence of the absolute rate of
dissolution of the alloy on the current density:

1-05MH2S04+0.3MNaCl; 2-05M
CH3SOs3H + 0.3 M NacCl

Analysis of the anolyte composition by the content
of dissolved ions allowed us to establish a number of
characteristic patterns. In particular, it was found that
the ratio of Ni, Co and Cr significantly depends on the
current density and for both electrolytes studied deviates
from the initial composition of the superalloy (Table 1).
The most pronounced changes are observed in the
methanesulfonic acid-based system at low current
densities.

At the same time, when the current density
increases to the range of 1.5-2.5 A-dm? in this
electrolyte, the composition of the anolyte approaches
the composition of the starting material (Ni = 60.7%,
Cr= 4.5%, Co = 8.9%), while a significant content of
rhenium is recorded in the solution (within 4.69—
12.29%). This behavior can be used in cases where
almost complete dissolution of the alloy is required.
However, in the range of current densities of 0.15-0.3
A-dm?, preferential dissolution of chromium compared
to other components is observed, which indicates the
unevenness of the process and the presence of
selectivity of dissolution in this electrolyte.

For the sulfuric acid-based electrolyte, the
dependence between current density and the change in
the ratio of Ni, Co, and Cr is less pronounced, and the
composition of the anolyte is generally closer to the
composition of the original alloy. The largest deviation
from the initial ratio of components in this case is
recorded at the minimum current density (0.15 A dm?)
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Table 1 — Ratio of elements in the anolyte listed in %

Composition CH3SOsH + NaCl H»SO4 + NaCl
i, A/dm? Ni Cr Co Ni Cr Co
0,15 30,09 26,04 11,71 39,26 18,50 18,10
0,30 47,98 25,66 4,56 61,15 3,5 9,59
0,50 55,86 5,30 16,10 55,90 6,57 6,82
0,70 52,45 5,23 22,30 76,68 4,35 7,79
1,00 56,44 5,17 9,64 64,89 8,65 9,50
1,50 62,68 4,15 13,90 62,33 9,60 12,27
2,00 62,21 3,50 15,99 66,13 5,12 5,10
2,50 62,00 4,40 8,40 62,35 13,8 9,36
3,00 57,42 8,55 18,52 58,56 9,50 12,59
3,50 52,60 13,84 0,37 68,79 8,92 10,60

It should be noted that rhenium was not detected in
the solution containing H2SO4. The probable reason for
this is the limited or practically insolubility of rhenium
in the specified medium under the studied conditions.

The results of cyclic voltammetry indicate that in
the H.SOs-based electrolyte with the addition of NaCl,
anodic processes occur more intensively, which is
manifested in increased current density values and the
presence of clearly pronounced peaks. At the same time,
it should be taken into account that the CVA reflects the
total current, which includes both the contribution of
metal dissolution and side processes, in particular,
anodic oxygen evolution and subsequent oxidation of
already dissolved components. The decrease or
disappearance of peaks in subsequent cycles can be
associated with the initial destruction of the passive
film, which during the oxidation process is transformed
into a more stable inert layer that is not restored within
the studied potential interval. An alternative explanation
is the oxidation of particles adsorbed on the surface,
which is irreversible. Higher current values in the
sulfuric acid medium are probably due to its higher
electrical conductivity and a more uniform distribution
of current density over microirregularities of the
electrode surface [28].

Galvanostatic studies allowed us to obtain more
objective characteristics of the process, in particular to
estimate the mass losses of the alloy. It was found that
the specific dissolution rates (g-dm?-h?) reach
maximum values at low current densities, after which
they decrease and reach a plateau. This dependence is
characteristic of both electrolytes. The decrease in
efficiency at high current densities is associated with an
increase in the proportion of side processes.
Comparative analysis showed that in the CH3SOsH +
NaCl medium, both the specific and absolute dissolution
rates are higher than in the H,SOs + NaCl system,
especially in the range of 1.5-3.5 A-dm™ (Fig. 3).

At first glance, this result contradicts the CVA
data, since sulfuric acid solutions are characterized by
higher electrical conductivity and lower ohmic losses.
However, this difference can be explained by the higher
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solubility of metal methanesulfonates or the formation
of more stable soluble complexes with Cr, Al, Nb, Ta
and Re. This, in turn, reduces the probability of surface
re-passivation and precipitation of dissolution products.
In contrast, in a sulfuric acid environment, the formation
of poorly soluble sulfates is possible, which promotes
repassivation of the anode at increased current densities
and limits mass transfer, despite the better conductivity
of the electrolyte. This effect corresponds to the
phenomenon of the so-called “salt passivation”.

Analysis of the anolyte composition showed that
for the CH3SOsH + NaCl system in the range of current
densities of 1.5-2.5 A-dm™ the ratio of Ni, Cr, Co, W
and Re (62.68; 4.15; 13.9; 4.82; 12.29%) is closest to
the composition of the original alloy (Ni 60.7%; Cr
4.5%; Co 8.9%; W 8.22%; Re 3.5%), which indicates a
relatively uniform nature of dissolution. In contrast, in
the H2SO.4 + NaCl electrolyte, the solution composition
is less stable, and rhenium is not detected in it, which
indicates the limited ability of this medium to ensure its
transition into solution.

The sulfuric acid electrolyte is characterized by a
more stable ratio of Ni, Co, and Cr, close to the alloy
composition, and the dependence on current density is
less pronounced than in the case of methanesulfonic
acid.

Therefore, despite the higher conductivity of
sulfuric acid solutions, the methanesulfonic acid-based
electrolyte demonstrates better results due to the
increased solubility of dissolution products and lower
susceptibility to passivation. This allows us to consider
the CH3SOsH + NaCl system as more effective for the
initial stage of electrochemical processing of heat-
resistant superalloys.

The proposed approach to electrolyte selection
provides the opportunity to optimize the first stage of
processing of spent turbine equipment materials,
increasing the efficiency of extracting target
components without the use of toxic or environmentally
hazardous reagents.

The results also open up possibilities for process
control: the use of CH3SOsH + NaCl is appropriate for
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intensifying the dissolution and transfer of rhenium into
solution, while the use of H,SO4 + NaCl can be justified
in cases where it is necessary to ensure a more uniform
dissolution of the matrix with a rhenium concentration
in the solid phase. Both approaches are characterized by
relative environmental safety and the absence of the
formation of toxic gaseous products at the initial stages
of the process.

It is expected that the implementation of the
proposed solutions will contribute to increasing the
efficiency of the extraction of strategically important
metals, reducing energy and environmental costs, as
well as creating a scientific and technological base for
the development of industrial processes for the
processing of spent superalloys.

efficiency of anodic dissolution of the superalloy
compared to a sulfuric acid medium of similar
composition, despite lower values of electrical
conductivity. This advantage is probably due to the
increased solubility of metal methanesulfonates and a
lower susceptibility of the anode surface to salt
passivation phenomena.

In the range of current densities of 1.5-2.5 A-dm™
for the electrolyte 0.5 M CH3SO3H + 0.3 M NaCl, the
composition of the anolyte is as close as possible to the
chemical composition of the original alloy and is
characterized by a significant content of rhenium. This
indicates a relatively uniform nature of dissolution and
creates favorable conditions for further effective
extraction of strategically important components. The

proposed method of extracting alloying components of

Conclusion

The use of solutions based on methanesulfonic

acid with

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

stainless steels from secondary raw materials allows for

eco-friendly and cheaper production of food equipment

the addition of NaCl provides higher materials and increases the competitiveness of domestic
food production.
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AHoTanis

OO0’€KTOM JIOCTIJDKCHHSI BHCTYIIA€ MPOIEC EJICKTPOXIMIYHOTO AHOMHOTO PO3YMHEHHS IKAPOMIIIHOTO HiKEIEBOTO
CylepcIuiaBy, SIK CIOCi0 pereHepamii JIETYIOUMX KOMIIOHEHTIB JUIA MaTepiaiiB xapdoBoro obOmamHanHs. IlepepoOka momy
MIPOBOJUTHCS EKOJIOTIYHMM CIIOCOOOM, M0 TOJIATa€ y HHU3BKOTEMIIEpaTypHi aHOAHIK o0poOmi ©0e3 BHUKOPHCTaHHS
€HEepro3aTpaTHUX Ta INKIIUIMBHX METaNypriiHUX MeTOAiB. BUXimHuil MaTepiajd OTPHUMaHO 3 BiANPAIlbOBAHHX KOMIIOHEHTIB
BHCOKOTEMIIEpaTypHOTO OOnamHaHHSA. Y poOOTi MPOBEAEHO IOCIHi/KEHHS aHOAHOTO PO3YMHEHHS 3a3HAYCHOTO CIUIAaBY B
CepelIOBHIIAX HAa OCHOBI CipyaHOi Ta MeTaHCYJIb()OHOBOI KHCIIOT, a TAKOXX BUKOHAHO MOPIBHSJIBHUH aHaNi3 pe3yJbTaTiB,
OTPUMAaHHX METOJaMHU LHUKIIIYHOI BOJIBTaMIIEPOMETPIi Ta TalbBaHOCTATHYHUX BHMipIoBaHb. [loka3zaHO, IO B €JIEKTPONITI HA
ocHoBi H2SO4 aHOAHI mpoliecu XapaKTepU3YIOTHCS BHIIMMH 3HAYCHHSAMH TYCTHHHM CTPyMy, IO CBIIYHUTH MPO X OLIbIIy
iHTEHCUBHICTb. Pa3oM 3 THM, IaHHMH METOJ PEECcTpye He JIMIIE CTPYMH, MOB’sS3aHI 3 PO3YMHEHHSIM MeETaly, aje i BHECOK
MOOIYHUX peaKiiil, TAKUX K BUIUICHHS KUCHIO Ta JOOKUCHEHHS 10HIB y po34urHi. HaToMicTh rajgbBaHOCTATHYHI €KCIEPUMEHTH,
SIKi JO3BOJISIOTH O0€3MOCepeTHRO OIIIHUTH MAaCOBI BTPATH CIUIABY, TOKA3aJIH, IO CHCTEMa Ha OCHOBI METaHCYJIb()OHOBOI KHCIIOTH
3 JOAaBaHHAM HATpii XJopuay 3abe3medye BHINI MIBUAKOCTI PO3YMHEHHs, HE3BAKAIOUM HA HIKYY EICKTPOIPOBIIHICTH
eeKTpoIiTy. Takuil eeKT MOSCHIOETHCS MiJABUIIEHOI0 DPO3YHMHHICTIO Ta CTAOUIBHICTIO METaHCYJIh(OHATHUX KOMIUIEKCIB
JIETYBaJIbHUX EJIEMEHTIB, 10 3HIDKYE HMOBIPHICTh ITaCHBAllii TOBEPXHI eNIeKTpoia. Y CipuaHOKHCIIOMY CepeOBHII PO3UYMHEHHS
BiZIOyBa€eThCs OLIBII PIBHOMIPHO, OJTHAK i3 MEHIIO e(heKTHUBHICTIO 32 MACOBUMH IOKa3HUKAMH, IO TTOB’S3aHO 3 YTBOPEHHSIM
MaJIOPO3UMHHHX cyibdaTHUX crionyk. Beranosneno, mo B enekrpoiiti CH3SOsH + NaCl y nianasoni ryctun ctpymy 1,5-2,5
A-nm? CTIiBBiZHONIEHHS HIKEITO, XpPOMY, KOOAIbTY, BONb(paMy Ta PEHil0 y PO3UHHI € MAKCUMAILHO HAGIMKEHUM 10 CKIIALy
BUXiZHOTO cruiaBy. [Ipu 1pomy 3a0e3medyeThbesi Mepexil PeHilo y po34MH, TOII SK y CIpUYAHOKHCIOMY CEpEelOBHILI BiH He
BUSBIAEThCA. OTpUMaHi pe3yabTaTH MOXYTh OyTH BUKOPHCTAHI JUI ONTHMI3allii IIOYaTKOBOI CTaMii mepepoOKH HKapOMIITHUX
CyNIepCIUIaBiB, a TaKOXX HPH PO3POOI ENEKTPOXIMIYHMX TEXHOJOTIH BHIIyYeHHS CTPATETiYHO BaKIMBHX METAJiB, IO
BUKOPHUCTOBYIOTBCS B SIKOCTI JIETYIOUAX KOMIIOHEHTIB IPU CTBOPEHHI Xap40OBOTO 00JIaTHAHHS.

KnwuoBi cioBa: marepianm oONajgHAHHS XapyOBHX BHPOOHWIITB, METaHCYIb(OHATHUHA PO3YHH, MEpepoOIeHHS
CyIepcIuIaBiB, eJIEKTPOXiMiYHE PO3UMHEHHS, HIKEJIbBMICHUI CylepcIiaB
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