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Abstract 

 

The anodic polarization of platinum of commercial purity and platinum alloyed 

with hafnium is investigated in borosilicate oxide melts. The mechanism and 

nature of the electrode processes are revealed. A kinetic equation is offered, which 

takes into account the sluggishness of diffusion of the oxygen particles adsorbed 

on the platinum surface. The effect of the external polarizing current on the 

mechanical properties alteration of the platinum electrode is investigated. 
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The dissolution of platinum in molten glasses is electrochemical in nature 

and it has a substantial influence on the corrosion resistance of glassmaking 

crucibles as well as the optical homogeneity of glasses. 

The data available in the literature indicate that there is no uniform concept 

about the mechanism of anodic processes on platinum in oxide melts. This 

complicates the kinetic analysis of the corrosive reaction between platinum and 

molten glasses. 

In this work, we have used the stationary galvanostatic method by 

compensating the resistive voltage drop in the electrolyte to study the anodic 

polarization of platinum of commercially purity (99.99%) and platinum alloyed 

with 0.5 wt. % Hf in melts containing oxides of Si, B, Ca, etc., at temperatures in 

the range 1200-1300°C. Measurements were performed in the oxidizing 

atmosphere of air. A bridge circuit was used with a dual-electrode electrochemical 

cell. A platinum crucible served as an auxiliary electrode and a reference 

electrode, whereas the electrode under investigation consisted of a cylindrical 

wire of ≈1 mm diameter, which was immersed to a depth of 10 mm in the melt. 

The possible processes, in which the anodic current is spent, can be the 

oxidation of O
-
 ions of the melt to oxygen atoms and dissolution of platinum 
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We succeeded in estimating the contribution of the second process to the 

overall polarizing current in the experiments, which were performed by the 

gravimetric method. On the whole, the results of the experiments confirm the fact 

that it is possible to electrolytically dissolve platinum in an oxide melt. However, 

the contribution of process (2) to the overall polarizing interfacial current is small, 

less than 5%.  

 

Thus, the form of the anodic polarization curves of a platinum electrode is 

mainly determined by the kinetics of discharging of oxygen ions. Experimental 

data for commercial-purity platinum are presented in Fig. 1 at various 

temperatures in Tafel-type coordinates “lni — η”. One should focus on the Tafel 

dependences of the three linear parts with different slopes. It was possible to 

explain their behavior and experimental data of other investigators [1] by 

assuming that the process (1) goes in two stages:  

2

ads(O ) O 1e   ,           (3) 

adsO [O] 1e   ,         (4) 

 

and the slowest stage is the diffusion of the oxygen ions O
-
 adsorbed on the metal-

melt interface to the nucleation centers of gas bubbles. The assumption about the 

diffusional regime of the processes is also supported by the closeness of both the z 

values under the conditions of our experiments and those according to the data of 

[1] to unity over the whole range of temperatures, the absence of influence of the 

concentration of free oxygen anions in the melt on the kinetic parameters of the 

process [2], and the presence of a diffusional Warburg impedance in the 

equivalent electrical circuit of the cell in similar systems [3], which scarcely 

modulates the retardation of the transport of oxygen ions to the interface since the 

concentration of these particles is high in the electrolyte. 

 

The fact that the rate of evolution of oxygen is independent of the intensity 

of the convective currents and also the substantial influence on the mechanism 

and kinetics of the anodic process of the electrode material are consistent with the 

conclusion about the slow nature of the diffusion of the oxygen adatoms in the 

surface layers of the electrode and found on graphite anodes [4]. 
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Figure 1. The dependence lni vs η upon anodic polarization of commercial-

purity platinum.  

T, °C: 1) 1300, 2) 1250, and 3) 1200 

 

 

For deriving the kinetic equation, let us use an approach developed by 

Vetter [5] in the theory of overvoltages for slow surface diffusion of the adatoms. 

Let us use the symbols C
ω
 and Ceq to denote the concentration of the oxygen ions 

adsO  adsorbed on the platinum-molten oxide interface during the passage of 

current and without it. Near the surface regions, from where gaseous oxygen 

(defects, pores, cracks, etc.) is removed, the concentration 
adsO of the oxygen 

particles adsorbed on the platinum-melt interface (C
0
) is determined by the 

equation of reaction (4). Then, the relation between the current and concentrations 

of the adsorbed particles of oxygen 
adsO will be determined by the following 

equation of diffusion kinetics: 

 02
D

i F С С


           (5) 

The dependence of overvoltage on the concentration of the adsorbed 

particles C
ω
 is determined by the equilibrium of reaction (3) 

eq

ln
RT С

F С



                     (6) 

A similar dependence also holds for concentration C
0
, according to the 

equilibrium of reaction (4) 
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eq

0
ln
СRT

F С
                     (7) 

Excluding the quantities C
ω
 and C

0
, we obtain a relation, which 

satisfactorily describes the experimental polarization curves: 

 D ,e e
F RT F RT

i K
 

   D eq2K F D С               (8) 

where KD is the diffusion constant of the 
adsO  particles. 

The increase in η values is accompanied with increase in the actual 

concentration of the adsorbed particles C
ω
 (see Eq .(6)). In contrast, the 

concentration (C
 0

) of these particles near the centers of gas evolution decreases 

(see Eq. (7)). This facilitates gas evolution and can lead to an increase in the 

number of centers of bubble formation. As a result, the diffusional path of the 

particles becomes shorter and, accordingly, the diffusion constant increases in 

value. Judging by the experimental data, such phenomena occur in overvoltage 

ranges of 200÷300 mV. Equation (8) holds for η > 300 mV but the diffusion 

constant ''

DK  becomes significantly greater than '

DK  in the initial regions of the 

current-voltage characteristics. 

Because of the above reasons, we treated the initial and final parts of the lni 

— η dependences, in which the diffusion constant was independent of the 

overvoltage. The application of nonlinear-regression method to the initial regions 

of the Tafel dependences (η = 0÷200 mV) showed a good agreement with Eq. (8) 

offered here since the dispersion was usually less than 1,5-2%. The diffusion 

constant '

DK  for small concentrations of the gas-evolution centers turned out to 

have values that were almost an order of magnitude smaller than ''

DK  (see Table 

1), whereas the average value of the activation energy was equal to 96 kJ/mole. 

Apparently, it systematically reproduced the temperature dependence of the 

diffusion coefficient of the 
adsO

 
particles since, judging by the experimental data, 

the number of gas-evolution centers did not change in this range of polarization. 

According to the data of a number of authors reported in [6], the activation energy 

of oxygen diffusion is usually equal to 80-120 kJ/mole in solid metals, i.e., it is 

close to the value found by us. 

Table 1. Dependence of the Diffusion Coefficient of the 
adsO  Particles on 

Temperature and the Type of Electrode 

Electrode type T, K 
'

DK  ,  mA/cm
2
 ''

DK ,  mA/cm
2
 

Pt of commercial 

purity 

1573 

1523 

1473 

1,2 

0,9 

0,7 

14,9 

4,5 

1,8 

Pt   alloyed   with 

       0.5 wt. % Hf 

1573 

1523 

1473 

1,7 

1,4 

1,2 

– 

– 

– 
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For sufficiently high overvoltages, the second exponential term in Eq. (8) 

can be neglected compared to the first term: 

Dln lnK F RTi                         (9) 

Then, in lni — η coordinates, the experimental points should fall on straight 

lines with a slope equal to F/RT and intercepts on the ordinate axis equal to 

ln( ''

DK ). It can be seen from Fig. 1 that the calculated (broken) and experimental 

parts of the Tafel dependences happened to be parallel to one another beginning 

with 300 mV polarization. The magnitude of z, which marks the number of 

electrons in a unit electrode process, was close to unity at all temperatures. From 

the intercepts on the ordinate axis the diffusion constant ''

DK was found at the 

maximum concentration of the gas-evolution centers, which turned out to be 

essentially independent of temperature (see Table 1). The high value of the 

apparent activation energy (Eav = 410 kJ/mole) indicates that the number of the 

gas-evolution centers increases on the platinum surface with increasing 

temperature. 

Replacing the commercial-purity platinum by platinum alloyed with Hf led 

to intense gas evolution at the anode starting with a polarization of 150–200 mV. 

This was related to the fine-grain structure on the surface of the metal revealed on 

the polished microstructural sections. Decreasing size of pores and cracks helped 

the bursting of the gas bubbles without their substantial growth. The gas evolution 

was observed visually. This did not allow us to obtain the third part and, in a 

number of cases the second linear part either, of the Tafel dependences at high 

overvoltages. Nevertheless, treatment of the initial parts of the curves up to 

150 mV confirmed the conclusions drawn earlier. The diffusional saturation 

currents of the 
adsO

 
particles are presented in Table 1 as a function of 

temperature. On the average, the activation energy was equal to 70 kJ/mole for Hf 

alloyed platinum. 

In order to estimate the effect of the external polarizing current on the 

change in the mechanical properties of the electrode, cylindrical samples of 

commercial-purity and Hf alloyed platinum were held in the melt at various 

anodic current densities for 8 hours at 1300°C. Then, after cleaning the melt off 

they were subjected to mechanical tests to determine the ultimate tensile strength, 

flow stress, and elongation percentage. In preparing transverse polished sections, 

we used the end parts of the samples in order to exclude the effect of mechanical 

stresses. 

At small anodic polarizations, a minimum amount of corrosion was evident 

on the photographs of the microscopic polished sections on the lateral sections of 

the samples. Increasing the anodic current density to above 10 mA/cm
2
 led to the 

generation of molten glass in the intergranular region between the phases. Such 

dependence is explained by the increase in adhesion between the phases resulting 

from improvement in the wettability of the metal by the glass. A peak was also 

observed on the dependences of the ultimate tensile strength, flow stress, and 

elongation percentage of the sample at an anodic current density i = 10 mA/cm
2  
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Apparently, these were caused by the decrease in the concentration of hydrogen 

and other impurities in the metal and decrease in the penetration of the melt in the 

intergranular region. 
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