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Abstract—The effect of temperature in the range from 350 to 650°С on the morphology of L63 brass
(37 wt % Zn) during selective anodic dissolution in the eutectic salt melt of lithium, cesium and potassium
chlorides is studied. Anodic polarization is accompanied by a change in the state of electrode surface due to
the passage of the electronegative alloy component (zinc) into a corrosive medium and to the vacancy-
induced rearrangement of the electropositive component (copper). Microscopy, gravimetry, chemical anal-
ysis, and hydrostatic weighing are used to estimate the laws of formation of a developed anode surface under
galvanostatic conditions of the electrochemical dissolution of the bimetallic alloy. An increase in the tem-
perature leads to a decrease in the selectivity of alloy dissolution, the porosity, and the developed surface of
the materials.
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INTRODUCTION

The chemical and electrochemical dissolution of
copper and its alloys is used for size etching in various
industries. The dissolution of brass as a binary alloy
can be selective or uniform depending on conditions.
Selective dissolution, where the electronegative alloy
component passes to a corrosion medium and the
electropositive element forms an individual phase with
a developed surface structure, is of particular interest.

Although the selective dissolution of alloys was
studied in many works, all processes were investigated
in low-temperature electrolytes, in particular, acid and
salt solutions [1–16]. The available data on the high-
temperature selective dissolution in molten salts are
very scarce.

The use of molten salts as an electrolyte during the
selective anodic dissolution of metallic materials
makes it possible to exclude oxygen and hydrogen
depolarization in aqueous solutions and to intensify
dissolution significantly due to a high temperature.

The influence of various factors, which operate
during the selective dissolution of metallic materials in
a molten salt electrolyte in the course of producing a
porous material, on the process should be carefully
studied. Copper alloys, which have a high electrical
and thermal conductivity with active components
such as zinc, are promising objects for studying selec-

tive dissolution and the synthesis of structures with a
developed surface and metallic conduction.

The brass components have different thermody-
namic properties: their standard electrode potentials
with respect to a reference hydrogen electrode are

 = +0.34 V and  = –0.76 V. Therefore,
there are thermodynamic prerequisites for the initial
selective dissolution of alloys. An important circum-
stance is the fact that the components in such systems
form a continuous series of solid solutions and their
atomic radii are close. These circumstances allow the
surface layer of an alloy to exist for a long time at a high
defect concentration and facilitate the interdiffusion
of the components in this layer [17].

The purpose of this work is to estimate the influ-
ence of the temperature factor on the electrode surface
during anodic polarization.

EXPERIMENTAL
We performed experiments in a high-temperature

electrochemical cell at temperatures of 350, 500, and
650°C in a molten mixture of lithium, cesium, and
potassium chlorides (45.3 : 54.4 : 15.3 wt %) in air.
Anode samples consisted of a 0.5-mm-thick copper–
zinc foil with a surface area of 4 cm2. They were pro-
cessed by abrasive paper, degreased, and dried with an
alcohol–acetone mixture. The chloride eutectic was
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Fig. 1. L63 brass anode surface after selective dissolution at 350°C and a current density of 110 A/m2.
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Fig. 2. L63 brass anode surface after selective dissolution at 500°C and a current density of 110 A/m2.
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charged in a crucible and heated to a given tempera-
ture, and a sample was introduced into the melt. A
copper plate with an area of 8 cm2 served as an auxil-
iary electrode, and a chlorine–silver electrode with
channels served as a reference electrode.

The experiments were carried out in the galvanos-
tatic anodic polarization mode at a geometric current
density of 110 A/m2 for the time it took for the entire
zinc in the sample dissolved. This time was calculated
by Faraday’s law.

After the experiments, samples were washed with a
0.05 M hydrochloric acid solution to remove chloride
salts.

The melt after an experiment was analytically stud-
ied. The sample surfaces were analyzed with a
JSM-5900 LV (Jeol, Japan) scanning electron micro-
scope, and the data obtained were used to determine
the average pore size [18]. We applied gravimetric
measurements and chemical analysis methods to
determine the selectivity factor [19] and hydrostatic
weighing to determine the porosity [20].
RU

Table 1. Average pore diameter, porosity, and selectivity vs. t

Т, °С Pore size, μm

350 1.5
500 2.4
650 4.3
RESULTS AND DISCUSSION

Figures 1–3 show the sample surfaces after selec-
tive dissolution at temperatures of 350, 500, and
650°C, respectively, at a geometric current density of
110 A/m2 for an anode plate made of L63 brass.

As follows from microscopic investigations, the
pore size increases and the developed anode surface
decreases with increasing temperature. At 350°C, the
samples have a highly developed structure with an
average pore (channel) size of 1.5 μm. At 650°C, a
channel-connected structure is absent. Table 1 pres-
ents the average pore size at various temperatures.

As follows from local elemental analysis data, 1.2–
2.4 wt % zinc are retained on the sample surfaces.

The results of chemical analysis, gravimetry, and
hydrostatic weighing demonstrate that the dissolution
selectivity and the porosity decrease with increasing
temperature.
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emperature at a current density of 110 A/m2

Porosity, % Selectivity factor

28.6 0.89
25.2 0.81

6.1 0.75
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Fig. 3. L63 brass anode surface after selective dissolution at 650°C and a current density of 110 A/m2.
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CONCLUSIONS
A decrease in the anodic polarization temperature

in the galvanostatic electrolysis mode increases the
selectivity of dissolution of an L63 copper–zinc alloy,
the porosity, and the developed surface of the metallic
material.
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