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Abstract
When the electrochemical purification of rough indium is used as sulfate, and chloride electrolytes. 

Significant differences in the values of the stationary potential indium electrode in the above solutions 
weren’t observed.

The corrosion behavior of rough indium in chloride and sulfate electrolytes with potentiodynamic 
method was studied. For determining the influence of the electrolyte composition obtained corrosive 
diagram for solution: sodium chloride; sodium chloride containing indium chloride (III); indium chloride 
(III); sulfuric acid; sulfuric acid containing sulfate indium (III). Experimental results allowed to determine 
the composition of the electrolyte, characterized by a high rate of dissolution of indium. It was found 
that dissolution of the indium occurs at high velocity in the indium-containing electrolytes and at higher 
temperatures. For electrolytes containing indium with pH = 4 was observed increase dissolution rate of 
indium anode with increasing temperature, indicating that the limitation of the process electrochemical 
stage and the beginning of the formation of indium hydroxide. Research results can be used in the 
electrochemical refining of rough indium.

Introduction

Indium, an element of Group IIIA, is an import-
ant strategic metal, widely used in high-tech indus-
tries. 

Semiconductor and optoelectronic character-
istics of indium, used in the manufacture of liquid 
crystal displays, semiconductors and infrared pho-
todetectors. [1-5].

Practical application of indium requires its high 
purity [6]. One of the objectives during the devel-
opment of electrochemical refining of indium is to 
study the process of dissolution of rough indium. 
In this regard, this paper investigates the corrosion 
behavior of indium anode. Anodic behavior of indi-
um electrode was considered in studies researching 
corrosion inhibition of indium and its alloys, as well 
as the oxidation of indium tin oxide films in hydro-
chloric acid [7-9]. 

The mechanism of the corrosion behavior of 
multivalent metal according to work [10] has a step-
wise character and is accompanied by the formation 
of unstable intermediate low valence compounds.

Electrochemical oxidation of metal is compli-
cated by chemical reactions with components of the 
electrolyte (hydrogen and oxygen).

 eMM +→ + (1)
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Chemical oxidation of low-valence metal ions 
does not require transfer of charge at the metal-solu-
tion interface, leading to an increase in the general 
corrosion rate as compared with that corresponding 
to the electrochemical mechanism.

Therefore, the mechanism of the corrosion be-
havior of the metal is electrochemically-chemical 
and has stepwise character.

Cathodic reaction can be represented by the re-
action:

 −→+ xx OeO (4)
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M+ ions formed diffuse into the volume of solution 
with a velocity

In the absence of an external polarization the sum 
of the rates of anodic reactions (1) and (2) becomes 
equal to the rate of the cathodic reaction (4).

Under static conditions, the rate of M+ ions for-
mation, corresponding to the rate of corrosion of 
metal, is the sum of the rate of electrochemical (υ1), 
chemical (υ2) stages and the rate of diffusion (υ3).
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where jcorr is a corrosion current, t the time, M molar 
mass of indium, n the number of electrons involved, 
F Faraday’s constant (≈ 96500 C/mol), ρ the density 
of indium. 

Results and Discussion

Experiments on measurement of the potential 
of indium over time in different electrolyte systems 
were carried out to define the scope of the corro-
sion potential of indium electrode (Fig. 1). Corro-
sion potential value for indium in solutions of sodi-

 ( )( )sM +∆= δυ3 (5)

 321 υυυυ ++= (6)

Investigation of the corrosion behavior of indium 
showed that its dissolution proceeds by the above 
described EC-mechanism. In acidic solutions, the 
dissolution of indium occurs stepwise by the forma-
tion of unstable intermediates - In+ ions:

 eInIn +→ +

 eInIn 23 +→ ++

In addition to oxidation reactions, reduction of 
hydrogen ions proceeds

 
2

32 HInHIn +→+ +++

(7)

(8)

(9)

It was established that the presence of chloride 
ions in the acidic medium leads to an increase in 
rate of formation of higher oxidation state of indium 
(In3+). This apparently explains a marked increase 
in the rate of corrosion of indium in acidic chloride 
containing solutions [10].

The proposed mechanism of corrosion of indi-
um explains the electrochemical behavior of indium 
anode in our used electrolytes. Addition of indium 
salts to the electrolyte leads to greater increase of 
the oxidation indium rate, compared with chloride 
solutions. The results of this work can be used for 
the electrochemical refining of rough indium.

Experimental 

Corrosion behavior of indium in this work was 
studied in solutions of the following composition:

Chloride medium
 NaCl (pH = 1; 4; 10) 
 InCl3 0.1 M (pH = 4)
 NaCl + 0.1 M InCl3 (pH = 2; 4; 10)

Sulfate medium
 H2SO4 (pH = 1)
 In2(SO4)3 + H2SO4 (pH = 1)

Changing the pH of the solutions was carried out 
by addition of HCl or NaOH for chloride electro-
lyte and H2SO4 for sulfate electrolyte. Reagents used 
were of purity 99.99%-99.999%. An electrochem-
ical cell consisting of rough indium anode, a plat-
inum cathode and silver/silver chloride reference 
electrode (0.222 В) was used to carry out the study. 
All voltages are calculated and presented with re-
spect to the SHE. The anode is made of rough indium 
of following composition (%): In-99.98; Fe-0.0010; 
Cd-0.0010; Cu-0.0010; As-0.00010; Ni-0.00050; 
Sn-0.0010; Hg-0.0010; Pb-0.0010; Tl-0.0010; Zn-
0.0030. Potential of the working electrode ranges 
from (-0.5) V to (-1.1) V. The working electrode was 
a rectangular indium rod molded into teflon (S = 0.9 
cm2) and disposed parallel to the cathode.

Indium electrode surface preparation was carried 
out mechanically using emery papers and rinse with 
distilled water before each measurement. According 
to ISO-6344, used emery papers corresponds to the 
P400 make. After completion of a series of exper-
iments a platinum electrode was immersed in the 
solution of nitric acid.

Varying the following parameters was carried out 
during the experiment: current density, electrolyte 
composition, temperature and pH. When establish-
ing the polarization curves, scan rate was 0.2 mV/s. 
In order to determine the stationary potential of in-
dium electrode in different electrolytes, dependence 
of tested electrode potential on time was obtained. 
Potentiodynamic measurements were performed in 
different solutions to find the rate of corrosion of in-
dium electrode, what made it possible to determine 
the dissolution current of indium and corrosion po-
tential. Faraday’s law was used to calculate the cor-
rosion rate (Eq. 10)
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um chloride, indium chloride and sodium chloride 
solutions containing InCl3, are in the range of (-440 
mV) – (-550 mV) vs SHE. There is a strong shift of 
the stationary potential to the cathode region (-1000 
mV) in the electrolyte consisting of sodium chloride 
and indium chloride at pH 11, which is explained by 
the formation of indium hydroxide precipitated on 
the electrode surface.

Fig. 1. Potential of indium electrode corrosion in chloride 
solutions, (1 – NaCl, pH =1; 2 – NaCl, pH = 4; 3 – NaCl, 
pH = 10; 4 – InCl3, pH = 3; 5 – InCl3 + NaCl, pH = 2; 
6 – InCl3 + NaCl, pH = 4; 7 – InCl3 + NaCl, pH = 11).

The above experiments were also carried out in 
sulfate medium (Fig. 2). Replacing chloride electro-
lyte by sulphate hardly changes the stationary poten-
tial of indium electrode.

Shift of the stationary potential of indium elec-
trode in electrolytes of different composition and 
pH can be calculated from the Nernst equation. The 
values obtained are consistent with the experimental 
results.

Fig. 2. Potential of indium electrode in sulfate solutions, 
(1 – H2SO4, pH = 1; 2 – H2SO4 + In2(SO4)3, pH = 1).

To determine the rate of corrosion of indium 
electrode in selected electrolytes we used the po-
tentiodynamic method (Figs. 3 and 4). Potentiody-
namic method is most commonly used to study the 
corrosion of metals, and allows to observe the corro-
sion behavior of metall and determine the corrosion 

current density, which is proportional to the rate of 
metal corrosion, by extrapolation of the linear part 
of the Tafel slope to the value of the corrosion po-
tential in the polarization curve. Corrosion currents 
that characterize the corrosion rate of indium elec-
trode were determined from the experimental poten-
tiodynamic measurement (Table 1). The dissolution 
rate of indium in chloride and sulfate electrolytes 
has a maximum value in sodium chloride solutions 
containing indium chloride, which causes a shift of 
the corrosion potential of indium to the anode re-
gion. At cathodic branch of the polarization curve 
for solutions containing In3+ ions the presence of the 
limited current is clearly obvious corresponding to 
the reduction of indium ions. In the absence of in-
dium cathode branch currents are caused by protons 
reduction reaction.

Fig. 3. Potentiodynamic polarization curves of indi-
um electrode in chloride solutions, (1 – NaCl, pH = 4; 
2 – InCl3, pH = 3; 3 – InCl3 + NaCl, pH = 2; 4 – InCl3 + 
NaCl, pH = 4).

Fig. 4. Potentiodynamic polarization curves of indi-
um electrode in solutions containing sulphate ions, 
(1 – H2SO4, pH = 1; 2 – H2SO4 + In2(SO4)3, pH = 1).

Analysis of the experimental data shows the ef-
fect of indium ions in the background electrolyte on 
the corrosion processes. Increase in the dissolution 
currents of rough indium indicates a synergistic 
effect of indium ions presented in the background 
electrolyte.
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Table 1
Results of potentiodynamic measurements

Ba, mV Bc, mV Icorr, mA/cm2 Ecorr, mV vs. SHE vcorr cm/year
NaCl, pH = 1 245.19 -390.6 2.26 · 10-2 -517.6 0.039
NaCl, pH = 4 328.3 -90 2.02 · 10-4 -607.6 3.46 · 10-4

InCl3, pH = 4 369.4 -194.89 7.25 · 10-1 -427.6 1.24
InCl3+NaCl, pH = 4 515.4 -1884 11 -457.6 18.82
InCl3+NaCl, pH = 2 544.4 -2196 9.78 -457.6 16.73
H2SO4, pH = 1 253.7 -504 1.31 · 10-2 -447.6 0.024
In2(SO4)3+H2SO4, pH = 1 261.2 707 3 · 10-1 -407.6 0.51

Synergistic effect is due to the following reac-
tions:

Fig. 5. Corrosion rate of indium electrode in various solu-
tions at room temperature.

Anodic behavior of metals depends on the tem-
perature of the environment in which it occurs dis-

Fig. 6. Potentiodynamic polarization curves of indium 
electrode in chloride solution (pH = 2) at various tempera-
tures (1 – 25 ºC; 2 – 30 ºC; 3 – 40 ºC; 4 – 50 ºC; 5 – 60 ºC; 
6 – 70 ºC; 7 – 80 ºC).

solution. Therefore, investigated the effect of tem-
perature on the dissolution of indium electrode at 
different pH (Figs. 6 and 7). Aggressive medium 
was dissolved NaCl, containing ions of indium (III). 
As seen from Figs. 6 and 7, a temperature increase 
leads to an increase in the corrosion current in most 
cases, which clearly indicates an increase of the cor-
rosion rate of indium. However, at pH = 2 and 30-
50 ºC decrease of corrosion currents was observed 
presumably associated with the passivation of the 
electrode surface. This is particularly evident from 
the run of the curve 4 in Fig. 6.

Fig. 7. Potentiodynamic polarization curves of indium 
electrode in chloride solution (pH = 4) at various tempera-
tures (1 – 25 ºC; 2 – 30 ºC; 3 – 40 ºC; 4 – 50 ºC; 5 – 60 ºC; 
6 – 70 ºC; 7 – 80 ºC).
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As established in the paper [7], presence of chlo-
ride ions contribute to the formation of indium (III) 
and accelerates the dissolution of indium electrode. 
In this paper, the accelerating effect of indium (III) 
ions on the oxidation of rough indium was found. 

The data indicate a greater rate of dissolution of 
indium in chloride medium in comparison with sul-
furic acid. From this it follows that the use of chlo-
ride electrolyte during the electrochemical refining 
of rough indium preferable due to high dissolution 
rates indium electrode.

For comparison of the results obtained was plot-
ted schedule of dependence the dissolution rate of 
indium electrode on solution composition (Fig. 5).  
The diagram shows that the dissolution rate of in-
dium in the medium InCl3 + NaCl at different pH 
values is not changed. 
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Table 2 
Results of potentiodynamic measurements of dissolution of indium 

at various temperatures in 0.1 М InCl3 + 1 М NaCl

T, °C 25 30 40 50 60 70 80

pH
 =

 2 Icorr, mA/cm2 9.78 5 7.6 75 14 11 10

vcorr cm/year 16.731 8.554 13.002 12.8305 23.950 18.818 17.107

pH
 =

 4 Icorr, mA/cm2 11.9 13.3 14.9 23 32.8 27 55

vcorr, cm/year 20.358 22.753 25.490 39.347 56.112 46.189 94.09

Corrosion currents and rate of indium electrode 
were newly calculated based on the experimental re-
sults and reported in Table 2.

For clarity, the above results can be represent-
ed graphically (Fig. 8). The obtained dependence 
shows that increasing the temperature accelerates 
the dissolution of indium in selected electrolytes. 
Corrosion rate of indium electrode at pH = 2 with 
increasing temperature remains unchanged. In the 
case of the electrolyte with lower concentration of 
hydrogen ions (pH = 4) not only the overall gain of 
indium electrode dissolution occurs, but much de-
pendence on the temperature of the corrosion rate 
is also observed. When increasing the temperature 
from 25 °C to 80 °C, rate of anodic dissolution of 
indium increases 4.5 times. This effect suggests that 
the process is limited by the electrochemical step.

Fig. 8. Dependence of the corrosion current of indium 
electrode on temperature.

Conclusions

Thus, we study the influence of the electrolyte 
composition and temperature on the anodic dissolu-
tion of indium electrode. The maximum dissolution 
rate is observed in the solutions NaCl, containing 
InCl3, due to synergetic action of ions of indium 
(III). Effect of temperature on the electrochemical 

dissolution of indium was studied in the range of 
25-80 °C. Increasing temperature leads to an in-
crease in dissolution rate of indium in solution at 
pH = 4. This shift is explained by the corrosion po-
tential indium electrode in the cathode region, which 
facilitates the process of dissolution. The results ob-
tained can be used in conducting the electrochemi-
cal refining of rough indium .
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