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ELECTROCHEMICAL Cr (III) OXIDATION WITH DOPED PbO2 ANODES 
The electrochemical oxidation of Cr (III) is of great importance in many electrochemical productions. 
One of the most common anodic electrode materials for this process is PbO2, due to its high corrosion 
resistance in acidic media at high anodic potentials. In this paper, the rate constants of the anodic reac-
tion of oxygen transfer in Na2SO4 and H2SO4 solutions containing Cr3+ at the volume-doped electrodes 
based on PbO2 were estimated  by using a rotating disk electrode. 

Introduction. Electrochemical oxidation of 
Cr (III) requires electrode materials with high corro-
sion resistance, as the process takes place in a highly 
acidic medium, and with considerable stability at 
high anodic potentials. In the anodic process, the О2 
formation always takes place, which reduces the 
current efficiency of the Cr (III) oxidation. There-
fore, an important problem is the preparation of an-
odic materials with high corrosion resistance, which 
make possible the catalytic Cr (III) oxidation with-
out significant increase in the О2 formation rate [1]. 

Among the most promising electrode materials 
for the anodic Cr (III) oxidation the PbO2-based an-
odes can be mentioned. Their ever-growing use is 
based on the high О2 overpotential at them, their high 
conductivity, availability, and high mechanical dura-
bility and chemical resistance [2]. In addition, PbO2-
electrodes have high electrocatalytic activity due to 
adsorbed ·OH particles formed on their surface [3]. 

It was shown [4–7] that in the process of an-
odic deposition, some metals can be incorporated 
into the PbO2 matrix in the form of various oxides. 
Such materials are called “doped PbO2-electrodes”. 
The rate of the anodic oxygen transfer reaction can 
be significantly increased through the insertion of 
Fe, Co, Ni, Bi, etc. dopants into the PbO2 structure. 

Electrochemical synthesis of PbO2 is preferably 
carried out from dilute Pb2+ solutions in the nitric 
acid medium [1, 4–7]. As this takes place, precious 
metals or platinized titanium are most commonly 
used as the basis metals. In articles [8–11], it was 
shown that the corrosion-resistant anodes with high 
catalytic activity can be synthesized from hydro-
fluoboric electrolytes on the graphite base. 

The aim of this work was to evaluate the elec-
trocatalytic activity of the PbO2/SnO2  composition 
during anodic Cr (III) oxidation. 

Experimental. The tested PbO2/SnO2 samples 
were electrochemically deposited in galvanostatic mode 
according [8]. The lead plates were used as cathodes. 

To perform polarization measurements, an IPC 
Pro-M potentiostat with a rotating disk electrode 
VED-06 and software package were used. The 
measurements were performed in a temperature-
controlled standard three-electrode electrochemical 
cell at 20°С. The working electrode was the car-
bonsitall one with visible surface area of 0.06 cm2. 

The saturated silver-chloride electrode was used as 
the reference one. Positive and negative potential 
sweep ranges were chosen on the basis of the be-
ginning of anodic O2 formation and cathodic oxide 
coating dissolution, respectively. 

The determination of a heterogeneous rate con-
stant (k, cm/s) was performed with the use of 
Koutecky – Levich equation [6]: 

2/3 1/ 6 1/ 2
1 1 1 1 ,

/ 0.62 ωI SC nkF nD −
⎛ ⎞⎛ ⎞= + ⎜ ⎟⎜ ⎟ν⎝ ⎠⎝ ⎠

 

where I – current, A; S – the disk surface area, 
cm2; C – volume concentration of the reagent, 
mol/cm3; n – effective number of the electrode 
process electrons; F – Faraday constant, equal to 
96.480 C/mol-eq; D – effective diffusion coeffi-
cient of the reagent, cm2/s; ν – kinematic viscosity 
of the solution, cm2/s; ω – rotational speed, rad/s. 

I values were measured at a constant potential 
and adjusted for the value of the background cur-
rent. The values of D and ν are taken from [12]. 

To prepare all the solutions, the reagents of the 
“chemically pure” and “analytical grade” grades 
and distilled water were used. 

Results and discussion. Electrodeposition of 
the coating samples was carried out at the current 
density of 1 A/dm2 during the time required to 
obtain a coating with the thickness of up to 50 μm 
at a rotation speed of the working electrode of 
1,000 rev/min. 

Chronopotentiometric curve obtained at the 
electrodeposition step (Fig. 1) is in good agreement 
with the data [6]. Maximum point on the curve, 
which was observed during the first 100 s, can be 
caused by crystallization overpotential of the new 
phase formation. Subsequently, the electrodeposi-
tion potential value stabilized at about 1.8 V and 
remained almost unchanged throughout the process 
of the active coating formation. 

During the electrochemical synthesis of 
PbO2/SnO2 composition the following processes 
take place:  

Pb2+ + 2H2O → PbO2 + 4H+ + 2e– 
Sn2+ + 2H2O → SnO2 + 4H+ + 2e– 

2H2O → O2 + 4H+ + 4е– 
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Fig. 1. The anode potential gradient  

during the PbO2/SnO2 deposition 

As it was shown earlier [8, 9, 11], under these 
conditions, the formation of anode composite coat-
ing containing up to 3.5 at. % Sn takes place. The 
coating formed has an oxygen deficit, and due to 
the use of the hydrofluoboric electrolyte, up to 
1.86 at. % of fluorine is incorporated into PbO2 
composition, which can also help to increase the 
catalytic activity of the coating. The presence of 
oxygen-containing particles and adsorbed water on 
the surface of the oxide electrode has a great im-
portance in the electrocatalysis process at high 
positive potentials [4]. 

The coatings synthesized in such a manner 
were used for electrochemical Cr (III) oxidation in 
a medium of 0.5 M of H2SO4 and 0.5 M of Na2SO4. 
Cyclic current-voltage curves (CCV) obtained at the 
PbO2/SnO2-electrode (ω = 2,000 rev/min, potential 
sweep rate – 50 mV/s, Cr (III) concentration –  
1 mmol/dm3) in 0.5 M H2SO4 solution is of the 
form shown in Fig. 2. Based on Fig. 2, the pres-
ence of Cr (III) in solution results in the current 
increase at the direct and reverse run of the CCV-
curve, which may indicate the electrochemical 
process involving Cr (III) ions. 
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Fig. 2. CCV-curves: 

1 – 0.5 М H2SO4; 
2 – 0.5 М H2SO4 + 10–3 M Cr (III) 

Based on the CVV-curves data for different so-
lutions containing 1 mmol/dm3 of Cr (III) the cata-
lytic activity of the PbO2/SnO2 coating during the 

Cr (III) oxidation was evaluated. To determine the 
catalytic activity at 1.8, 1.9 and 2.0 V potentials, 
partial Cr (III) electrooxidation current values were 
calculated as the difference between the current 
value in a solution containing Cr (III), and the 
amount of current in the background electrolyte. 
The values obtained were processed in the 
Koutecky – Levich coordinates. Fig. 3 shows the 

1 1/ 2( / ) (ω )I SC f− −=  functions for the 0.5 M sul-
furic acid solution. 
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Fig. 3. Koutecky – Levich plots  

for PbO2/SnO2 in a solution of 0.5 M H2SO4  + 
+ 10–3 M Cr (III) at potentials:  
1 – 1.8 V; 2 – 1.9 V; 3 – 2.0 V 

Based on Fig. 2, in the potential range of 1.8–
3.0 V, there is some variation of the rate constant 
of the anodic process. 

It can be assumed that the Cr (III) oxidation is a 
multi-step process that involves interaction with 
the oxygen particles chemisorbed on the surface of 
the electrode. At the anodic polarization on the 
PbO2 surface, the OHads formation takes place: 

H2O → OHads + Н+ + е– 
OHads interaction with Cr (III) ions in accor-

dance with the chemical mechanism can lead to the 
formation of the adsorbed product, which is subse-
quently oxidized to Cr (VI) [3]: 

[ ]23+ +
ads adsCr  + OH CrO H+→ +  

[ ] –2 2 +
2 2 7ads2 CrO 5H O Cr O 10H 4е+ −+ → + +  

At that, within the potential range of 1.6–1.9 V, 
the increase in the number of OHads should contrib-
ute to the increase of the rate of the 2

ads[CrO] + inter-
mediate product formation and with the further in-
crease of the potential, OHads will be used for the 
reaction of the formation of adsorbed Oads particles: 

ОНads → Оads + Н+ + е– 
that are further used for the oxygen formation, and 
with the anodic potential increase – for a ever in-
creasing amount of ozone [10]: 
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Оads + Н2О → ООads + 2Н+ + 2е– 
2ООads → 2Оads + О2 

ООads + Н2О → О3 + 2Н+ + 2е– 
The values of the anodic process rate constants 

for the electrolytes studied at a Cr (III) concentra-
tion of 1 mmol/dm3, depending on the anode po-
tential value E, are given in the following Table. 

The constants of Cr (III) oxidation rate 

Electrolyte Е, V k ⋅ 103, cm/s 
0.5 М Na2SO4, pH = 2.3 1.8 39 ± 1.0 

1.8 18 ± 0.6 
1.9 19 ± 0.6 

0.5 M H2SO4 

2.0 17 ± 0.6 
 
Conclusion. It was found that the doped elec-

trodes based on PbO2 have rather a high electro-
catalytic activity during process of the Cr (III) oxi-
dation in sulfuric acid solutions. 
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