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Abstract

The effect of KOH concentration on the rate of the target reaction of metal tellurium deposition from alkaline 
tellurite solutions and on the rate of the side reaction of tellurium dissolution was studied by means of voltam-
metry with the linear potential scanning on a graphite electrode coated with tellurium deposit. It was established 
that KOH only weakly (with a change by 5–10 %) affects the rates of the target and side reactions within the 
range of alkali concentrations 2–4 M, which is used for the production of tellurium. The reasons for a decrease in 
the rates of the target and side reactions at low alkali concentrations were considered. It was shown that the 
target and side cathode reactions have the diffusion-determined nature in the range of alkali concentrations 
0.5–4 M with tellurium deposition and 0.1–4 M with tellurium dissolution. The side cathode reaction of Те dissolu-
tion has a one-electron mechanism, and it requires 20 % of the amount of electricity used for tellurium deposition.
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Introduction

The efficiency of any technological process is 
to a high extent dependent on the optimal param-
eters of its mode, which allows a substantial im-
provement in energy and resource-saving, and in 
the ecological safety of the production. This is also 
true for the industrial production of tellurium. 

Tellurium and its alloys, for example, the tel-
lurides of cadmium, lead, copper, etc. are widely 
used in electronics for the production of photo-
conductive layers, as well as piezo- and thermo-
electric layers. The application of tellurium in 
ferrous and non-ferrous metallurgy and other 
branches of industry is also known [1–8]. 

The main industrial method of obtaining tel-
lurium is electrolysis of alkaline tellurite solutions 

formed during hydrometallurgical processing of 
anodic slime from copper production [6–8].

During galvanostatic preparation of metal tel-
lurium from alkaline tellurite solutions using in-
soluble anodes, permanent changes of the cath-
ode potential and the concentration of “free” po-
tassium hydroxide (excess KOH with respect to 
the stoichiometrically necessary amount for the 
dissolution of TeO2) occur in solution with a de-
crease in tellurium concentration. Taking into ac-
count the relatively small difference of equilibri-
um potentials of the target reaction of Te deposi-
tion on the cathode and the side reaction of its 
cathode dissolution with the formation of ditel-
luride Те2

2–, the above-indicated changes in elec-
trolysis conditions may affect the relations be-
tween the partial reactions and lead to a decrease 
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in the yield as a function of current and to wors-
ening of the quality of cathode deposit, which is 
important for obtaining high-purity tellurium.

Previously we studied the relations between 
the currents of the indicated target and side re-
actions for KOH concentration (C mol/L) equal to 
4 M, and determined the potential region within 
which mainly the target process alone occurs [9]. 
The goal of the present investigation is to study 
the effect of СKОН within the range 0.1–4 M on 
the rates of the target and side reactions during 
the electrolysis of tellurite solutions. 

Experimental

The investigation was carried out with a me-
chanically renewed graphite electrode [10], with 
the end having an area of 0.03 cm2, onto which a 
layer of metal tellurium (15 µm) was preliminar-
ily deposited from the electrolyte containing 
0.5 М ТеО2 and 4 М “free” KОН, at the fixed 
potential (–0.95 V) with the control of deposit 
thickness relying on the quantity of electricity 
that passed through. The rates of cathode reac-
tions were measured by means of linear voltam-
metry at the rate of potential scanning 1 mV/s, 
using an IPC-compact potentiostat (IPCE RAS, 
Russia). The auxiliary electrode was made of 
platinum wire with an area of 1 cm2. The cath-
ode potential was measured with respect to the 
saturated silver chloride reference electrode 
Ag/AgCl. Experiments were carried out with a 
thermostated three-electrode cell 50 cm3 in vol-
ume at 25 °C.

The effect of the alkali on the rate of cathode 
target reaction of tellurium deposition was stud-
ied in the solution containing 0.5 M ТеО2 and 
0.5–4 M “free” KOH. The electrolyte was prepared 
using distilled water, ТеО2 of Ch. reagent grade 
(pure), and KОН of Ch. D. A. reagent grade (ana-
lytically pure). Dissolution was carried out at a 
temperature of 70 °C for 2 h. The effect of alkali 
concentration on the rate of the side reaction of 
cathode dissolution of metal tellurium was studied 
in the solution containing 0.1–4 М KOH in the ab-
sence of tellurium.

Results and discussion

Effect of KOH concentration  
on the rate of target reaction 

The target cathode reaction of tellurium depo-
sition from the alkaline tellurite solutions looks 
like [1, 2]

ТеО3
2– + 3Н2О + 4е = Те + 6ОН–� (1)

The equilibrium potential with respect to the 
normal hydrogen electrode is 
Е0 = 0.823 – 0.0886pH, V 

It was established that within the alkali con-
centration range СKOH = 2–4 M, which is of prac-
tical interest for obtaining tellurium from alka-
line tellurite electrolytes, alkali concentration has 
a weak effect on the rate of the target reaction. 
The limiting current (Ilim) varies by 5–10 %, and 
the corresponding potential shifts to the negative 
side by 15 mV (Fig. 1, a).

However, at lower alkali concentrations 
(СKOH < 2 M), the rate of the target reaction starts 
to decrease more substantially. For instance, at 
СKOH = 0.5 M the value of Ilim of tellurium deposi-
tion decreases by 10 %, its potential shifts to the 
negative side by 30 mV (see Fig. 1, b). Most prob-
ably, this occurs as a consequence of a decrease 
in the concentration of tellurite ions (ТеО3

2–) be-
cause of the incomplete dissolution of ТеО2. The 
consumption of electricity (Q) for tellurium depo-
sition is practically independent of alkali concen-
tration and is approximately 1000 mC (see Fig. 1, b).

The cathode deposition of metal tellurium 
from alkaline tellurite solutions is controlled by 
the diffusion of ТеО3

2– anion to the cathode sur-
face, which is confirmed by the typical linear de-
pendence of the limiting current density Ilim on 
the rate of cathode potential scanning (V, mV/s) 
raised to a power of 0.5 (Fig. 2, a). The values of 
Ilim were obtained from polarization curves (see 
Fig. 2, b).

Effect of KОН concentration on the rate  
of the side cathode reaction

In alkaline tellurite solutions, along with the 
target reaction of the deposition of metal tellurium, 
the side reaction of the dissolution of this metal 
proceeds on the cathode, which is accompanied by 
the formation of ditelluride anion Те2

2– [1, 2]: 
2Те + 2е = Те2

2–� (2)
The equilibrium potential of this reaction (with 
respect to the normal hydrogen electrode) is 
Е0 = –0.71 V.

Both cathode reactions proceed at close poten-
tial values, so with inevitable increase in the po-
tential during electrolysis in the galvanostatic 
mode, the yield as a function of current decreases 
for the target reaction, and at the same time the 
quality of the deposit worsens [9]. 

The effect of KОН concentration within the 
range 0.1–4 M on the rate of the side reaction of 
the cathode dissolution of tellurium was investi-
gated. It was established that, unlike for the tar-
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get reaction, the appearance of voltammograms 
of the side reaction is substantially dependent on 
alkali concentration (Fig. 3, a). In all cases, these 
voltammograms are the curves with the maxi-

mum, after which the current drops down almost 
to zero with further potential scan. A decrease in 
the concentration of the alkali leads to a monoto-
nous decrease in the height of the peak on the 

Fig. 1. Effect of the concentration of “free” KOH on the cathode voltammograms (a), limiting current (Ilim) and consumption 
of electricity (Q) during tellurium deposition (b). Electrolyte: 0.5 М ТеО3 + x M KОН. KOH concentration, х, mol/L: 1.5 (1); 
2 (2); 3 (3); 4 (4). Potential scanning rate 1 mV/s. 

Fig. 2. Effect of the cathode potential (V) scanning rate on the limiting current (Ilim) (a) and voltammograms (b) during 
tellurium deposition. The solution: 0.5 М ТеО2 + 4 М KОН. Potential scanning rate, mV/s: 1 (1); 20 (2); 50 (3); 100 (4).

Fig. 3. Effect of KOH concentration of the behaviour of voltammograms (a), consumption of electricity (Q) and limiting 
current (Ilim) (b) during the cathode dissolution of tellurium. KOH concentration, mol/L: 0.1 (1); 0.2 (2); 0.5 (3); 1 (4); 2 (5); 
3 (6); 4 (7). Potential scanning rate 1 mV/s. 
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polarization curve and its shift to the higher 
cathode potential region. The amount of con-
sumed electricity Q remains practically the same 
(200 mC) (see Fig. 3, b) and is equal to one fourth 
of the charge consumed for the deposition of tel-
lurium 15 µm thick on the graphite electrode 
(870 mC). So, the polarization curves under con-
sideration confirm the single-electron mechanism 
of the cathode dissolution of metal tellurium ac-
cording to equation (2). 

On first glance, the data presented in Fig. 3, a 
lead us to a conclusion that the rate of the side 
reaction (2) decreases substantially in the re-
gion of low KОН concentrations (СKОН < 0.5 M). 
However, more detailed analysis shows that a 
decrease in KOH concentration is accompanied 
not only by a substantial decrease in the con-
centration of ОН– but also by a decrease in an-
other value which is essential for voltammetry: 
the electrical conductivity χ of the solution 
(Table 1) [11]. If a decrease in the conductivity 
of the solution is compensated by the introduc-
tion of the base electrolyte (2 М KCl) with high 
conductivity (χ = 20.2 (Ohm•m)–1), the effect of 
KOH concentration on the rate of the side reac-
tion within the alkali concentration range of the 
highest significance for tellurium production 
(2–4 М) disappears almost completely (Fig. 4, а).

In the solutions with low KОН concentration 
(СKОН < 0.5 M) in the presence of the base elec-
trolyte, the rate of the cathode side reaction of 
tellurium dissolution increases substantially in 
comparison with the rate in the solution without 
the base electrolyte. For instance, at СKОН = 0.1 M 
the limiting diffusion current is 100 mA/cm2, 
while in the solution without the base electrolyte 

it is 50 mA/cm2 (see Fig. 4, b). The corresponding 
potential shifts substantially to the positive re-
gion by 130 mV. The very fact that the rate of 
the side reaction of tellurium dissolution increas-
es by a factor of 2 in the presence of the base 
electrolyte suggests that the conductivity of the 
solution rather than the concentration of ОН– has 
a decisive effect on the rate of the side reaction. 
This is also confirmed by the fact that the alkali 
has almost no effect on the limiting diffusion cur-
rents of Te dissolution and the consumption of 
electricity in KОН solutions with the base elec-

TABLE 1

Electric conductivity of solution (χ)  
for different KОН concentrations [11]

KОН concentration, M 0.1 0.5 1 3 4

χ, (Ohm•m)–1 2.13 9.85 21 44.8 54.9

Fig. 4. Effect of base electrolyte (2 М KCl) on the cathode dissolution of tellurium in the alkaline electrolyte: a – x M KОН + 2 М KCl; 
KОН concentration, х, mol/L: 0.1 (1); 0.5 (2); 1 (3); 2 (4); 3 (5); 4 (6); б – 0.1 М KОН (1); 0.1 М KОН + 2 М KCl (2). Potential 
scanning rate 1 mV/s.

Fig. 5. Effect of KОН concentration of the consumption of 
electricity (Q) and limiting current (Ilim) during the cathode 
dissolution of tellurium in the alkali containing the base elec-
trolyte (2 М KCl). 
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trolyte, unlike for the solutions containing no 
base electrolyte (Fig. 5).

The effect of the rate of potential scan (V) on 
the cathode dissolution of metal tellurium in KОН 
was investigated. Polarization curves (Fig. 6, a) and 
the values of Ilim derived from these curves (see 
Fig. 6, b) allowed us to determine the limiting 
stage of the side cathode reaction. One can see in 
these data that an increase in the rate of cathode 
potential scan leads to a substantial increase in 
the rate of tellurium dissolution. The dependence 
of limiting currents Ilim on scanning rate raised to 
the 0.5 power (V0.5) is linear. This directly sug-
gests that the rate of the side cathode reaction of 
tellurium dissolution is limited by the diffusion 
of ditelluride anion into the volume of the elec-
trolyte. 

The effect of the side reaction on tellurium 
deposition may be estimated from the relations 
between the currents of partial cathode reactions 
shown in Fig. 7. One can see that within the po-
tential range –900 ... –1100 mV the side reaction 
of dissolution causes a substantial decrease in the 
rate of the target reaction of tellurium deposition. 
It follows from the data shown in Fig. 1, b and 
Fig. 3, b that the target reaction accounts for 
~80 %, while the side reaction of tellurium disso-
lution accounts for ~20 % of total electricity con-
sumption.

So, the studies allowed us to evaluate the ef-
fect of KОН concentration on the rates of the tar-
get and side cathode reactions and to determine 
the working range of alkali concentration for the 
recovery of metal tellurium from tellurite solu-
tions. This result is of practical interest from the 
viewpoint of resource saving and an increase in 
the ecological safety of this technological process. 

CONCLUSION

Within the concentration range of 2–4 M, the 
“free” potassium hydroxide only weakly affects the 
rates of the target reaction of tellurium deposi-
tion and the side reaction of its cathode dissolu-
tion: these rates change by 5–10 %. A decrease in 
the rate of the target reaction at KOH concentra-
tion below 2 M is caused by a decrease in ТеО3

2– 
concentration due to the incomplete dissolution of 
tellurium dioxide. A decrease in the rate of the 
side reaction within the range of KOH concentra-
tions 0.1–1 M is caused by the low electric con-
ductivity of the solution. 

Within the studied range of KОН concentra-
tions, the target reaction of tellurium deposition 

Fig. 6. Voltammograms (a) at different potential (V) scanning rates, mV/s: 1 (1); 5 (2); 20 (3); 50 (4) and limiting current 
(Ilim) of the cathode dissolution of tellurium depending on V0.5 (b) in 4 М KОН.

Fig. 7. Relations between the currents of the partial cathode 
reactions: 1 – the partial curve of tellurium dissolution in 4 М 
KОН; 2 – calculated partial curve of tellurium deposition 
from the solution of 0.5 М ТеО2 + 4 М KОН; 3 – experimental 
curve of tellurium deposition from the solution of 0.5 М 
ТеО2 + 4 М KОН. 
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and the side reaction of its dissolution have dif-
fusion-driven nature. The side reaction of tellu-
rium dissolution obeys the single-electron mech-
anism. 

During the cathode deposition of tellurium, 
the target reaction accounts for 80 %, while the 
side reaction of tellurium dissolution accounts for 
20 % of the total consumption of electricity. Re-
sults of the investigation allow optimization of the 
working mode of electrolytic extraction of tellu-
rium from alkaline tellurite solutions. 
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