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Abstract 

Regularities of the cathodic and the anodic behaviour of aluminium on tungsten in halide 

melts are investigated. The study of such systems is relevant in connection with the prospects for 

their use as bipolar electrodes for efficient extraction of noble metals from spent petrochemical 

Al2O3-based catalysts by the electrometallurgical method with associated production of high-

purity aluminium and oxygen. Stationary and non-stationary polarization curves were obtained 

for the reduction and the oxidation of aluminium in molten NaCl-KCl+5wt.%AlF3 and 1.3KF-

AlF3 systems at 700 – 850 °C (973 – 1123 K) in the range of current densities from 0.01 to 1.5 

A∙cm-2 and in the range of potential sweep rates from 0.01 to 5 V∙s-1. Electrochemical 

characterization of the electrode showed that electroactive particles in chloride-based melts have 

higher diffusion coefficients (in comparison with fluoride melt) due to the high concentration of 

Na(I) and K(I) cations, low density and viscosity of the melt. Electrochemical dissolution and 

reduction of aluminium in both chloride-based and fluoride melts are quasi-reversible diffusion-

controlled processes complicated by several parallel phenomena. Cathodic reduction of Al(III) in 

both studied melts occurs at high overvoltages (more than 200 mV at 0.1 A∙cm-2) with the 

limiting current densities of 0.3–0.4 A∙cm-2 at 800 °C. The cathodic reduction of Na(I) starts in 

chloride-based melts at the potential of –0.5 – (–0.7) V relative to Al reference electrode; the 

reduction of K(I) in both studied melts starts at –1.0 – (–1.2) V. In general, the kinetic 

parameters of the processes show that the extraction in two-sectioned cell can be beneficially 

performed at 800 °C with high current densities, and the liquid aluminium bipolar electrode 

seems to be the promising solution. 

Keywords: bipolar electrode, metal refining, high-purity aluminium, platinum group metals, 

catalyst processing, polarization curves, kinetics of electrode processes, electrolysis of melts 

 

Introduction 

The platinum group metals (PGM), six transition metal elements with similar physical 

and chemical properties, play the role of catalysts in the processes of the petrochemical industry 

and automotive catalytic converters. The main constituents of catalysts are the carrier and the 

active component. Petrochemical catalysts consist of an Al2O3-based carrier and 0.05 – 1% of 

noble metals (PGM and rhenium) as the active components [1]. 
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The catalysts gradually lose their catalytic activity during the operation. The life of 

catalysts varies from 3 to 5 years. The deactivated (or spent) catalysts are prohibited for disposal 

at landfills and require processing to extract valuable components. 

A large number of pyro- [1–7] and hydrometallurgical [3, 8–11] methods of noble metals 

extraction from the spent catalysts were reported. Many of them are realized on an industrial 

scale. Common significant drawbacks of these methods often are the high cost of equipment and 

consumables, the high specific energy consumption and the huge amount of waste. 

Belov et al. [12, 13, 14] proposed an electrochemical method for the extraction of Pd 

from spent Al2O3-based catalysts, which was carried out in several stages, based on the Hall-

Heroult process for the primary aluminium production and the three-layer refining process for 

the high-purity aluminium production. These stages are: 

1. Calcination of the catalysts at 800 °C under air (or oxygen) atmosphere to remove 

organic impurities and partially transform PGM into oxides; 

2. Dissolution of the catalysts in the molten fluoride system (Na3AlF6-AlF3-CaF2), 

electrodeposition of aluminium and PGM on the cathode alloy with the simultaneous evolution 

of carbon dioxide on the carbon anode: 

�����(���) + 1.5�(�) ⇒ 2��(�) + 1.5���(�)     (1) 

3. Electrolytic refining of an Al-Cu-PGM alloy (Cu is added for higher density) with 

electrodeposition of high-purity aluminium at the cathode and concentration of PGM in the 

anode alloy. 

This process requires high (950–970 °C) temperature and should be operated within a 

narrow window of catalysts concentration to prevent the sludge formation and the emission of 

perfluorocarbons during low- or high-voltage anode effect that in case of slow dissolution can be 

a difficult problem to overcome. 

Despite the mentioned considerations, several experimental facts confirm the 

perspectivity of the electrochemical extraction method [12–14]: 

□ with the introduction of palladium oxide into molten cryolite contacted by aluminium, 

palladium is reduced and dissolved in aluminium, while the addition of finely dispersed 

palladium to the melt leads to its appreciable distribution between aluminium and cryolite (in 

the latter, palladium forms the suspension); 

□ palladium from the catalysts is reduced at the cathode and almost completely concentrated in 

primary aluminium (98–99%); 

□ replacing smelter grade alumina (SGA) with the catalyst in the Hall-Heroult process has 

virtually no effect on the performance of the aluminium production; 
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□  the presence of palladium in the anode alloy in the three-layer refining process has almost no 

effect on the current efficiency of the aluminium refining; 

□ high palladium extraction degree (>98%), and the simultaneous production of high-purity 

aluminium (A97, A99) were achieved. 

The cost of noble metals extraction from spent catalysts can be significantly reduced by 

using a one-step electrochemical method. Moreover, the temperature of the process can be 

lowered to 700-850 °C by replacing sodium cryolite with low-temperature fluoride or chloride 

melts with considerable solubility of Al2O3. The promising option, the molten 1.3KF-AlF3 

system has been studied elsewhere [15, 16]. Dividing the cell into two parts (half-cells) by 

supported vertical or unsupported horizontal liquid Al membrane (bipolar electrode) can be a 

beneficial solution for one-step extraction. The first half-cell acts as the aluminium reduction 

cell, the second one plays the role of the aluminium refinery cell. In that case, the carbon anode 

can be replaced by the metallic one, which enables oxygen evolution by the reaction: 

�����(���) ⇒ 2��(�) + 1.5��(�)     (2) 

More details on this technology are given in patent [17]. The process can obviously be 

implemented for aluminium reduction with oxygen-evolving anodes simply by using alumina 

instead of spent catalysts. In that case, the liquid bipolar electrode will be used to collect the 

anode corrosion products that sounds beneficial because the proper cathode metal purity remains 

one of the most difficult and important tasks in the inert anode research.  However, due to 

economic reasons having platinum-reach alloy as a product provides a wider window for the cell 

voltage, current efficiency and specific energy consumption in comparison with having only 

high-purity aluminium that makes the advisability of this technology for aluminium production 

questionable. On the other hand, we believe this technology to be a good subject for further 

development, and attempts to make it meet the energy efficiency requirements of aluminium 

industry does not seem meaningless due to drastic ecological effect. In particular, the following 

improvements can make this process being applicable for aluminium production: 

□ a decrease in interelectrode spaces especially in the refinery half-cell; 

□ an increase in alumina dissolution rate in low-temperature electrolytes; 

□ a decrease in diffusion overvoltages by the decrease in current densities; 

□ design of the continuous alumina feeding system.  

The electrochemical characterization of the metallic anode is studied and reported 

elsewhere [18, 19]. This work deals with the electrochemical study of dissolution and 

electrodeposition of aluminium on the liquid bipolar electrode in chloride (more likely to be used 

in refinery half-cell) and low-temperature fluoride melts. The results of this study supplement 
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scarce data on the kinetics of aluminium deposition and oxidation in chloride-based and fluoride 

melts at 700–850 °С. 

Performance of the Al(III)/Al electrode studied in chloride [20, 21] and fluoride [22–23, 

24] melts and reported in recent works with more attention to the cathodic process of Al(III) or 

Al(I) reduction. Deposition of Al on tungsten first leads to a formation of intermetallic 

compound Al4W [24]. In AlCl3-NaCl melts the cathodic process is believed [21] to consist of 

two consecutive steps: 

4������
� + 3�� ⇒ �� + 7�����

�    (3) 

�����
� + 3�� ⇒ �� + 4���      (4) 

Deposition of Al in fluoride melts involves both three-electron and two electrons 

reactions [24]: 

����
� + 3�� ⇒ �� + 4��      (5) 

����
� + 2�� ⇒ ����

� + 2��     (6) 

Other researchers [16, 25] reported different cathodic mechanisms involving AlF5
2-, 

AlF6
3- and, if oxygen ions are introduced to the melt, Al2OF6

2- and Al2O2F4
2-. The diffusion 

coefficients of these electroactive particles in studied fluoride melt were reported to be in the 

wide range of 10-7 [24] – 10-4 cm2∙s-1[26]. There is also a disagreement of different points of 

view on the ionic structure of both molten fluoride and chloride melts and electrode processes as 

well. This research contributes more experimental data for the understanding of electrode 

processes kinetics and estimates the diffusion coefficients of electroactive particles. 

 

Experimental 

Electrolytes were synthesized at 900 °C from the dried individual chemically pure (p.a.) 

salts NaCl, KCl, KF and AlF3. Drying lasted for 4 hours at 400 °C. The prepared melt was 

purified with the electrolysis during 2 h with a graphite cathode under the potential of 0.2V 

relative to the aluminium electrode potential. 

The electrochemical measurements were carried out in a three-electrode graphite cell 

under air atmosphere in the temperature range of 700–850 °C. The graphite crucible served as an 

auxiliary (counter) electrode. Tungsten rod with a diameter of 5 mm placed into a BN tube was 

used as a working electrode. The working electrode potential was measured with respect to the 

potential of the aluminium reference electrode encapsulated into a BN case. The cell was heated 

by the vertical electric furnace. The temperature of the electrolyte was measured by the k-type 

thermocouple in a BN case connected to the controller and maintained constant (±2°С). The 

current and the potential were supplied or measured using AutoLab PGSTAT 302n and NOVA 

2.1 Software (The MetrOhm, Netherlands). 
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Cyclic voltammograms were obtained at different potential sweep rates in the range 0.01 

– 5 V∙s-1. The ohmic voltage drop of the measuring circuit was determined by the current 

interrupt technique and compensated during the sweep. The stationary polarization dependencies 

were determined by recording the steady-state value of the electrode potential at different 

cathodic current densities in the range of 0.01 – 1.5 A∙cm-2. 

 

Results and discussion 

Voltammetry 

The characterization of aluminium bipolar electrode involves the cathodic deposition of 

Al on wettable (tungsten) electrode in 1.3KF-AlF3 melt and the anodic dissolution of aluminium 

in NaCl-KCl+5wt.%AlF3 melt. The deposition in the chloride-based melts is also of particular 

interest as it happens on the high-purity aluminium cathode in the refinery half-cell. Cyclic 

voltammograms recorded on tungsten in chloride-based melts at 700-850 °C with different 

sweep rates in a range of 10-1000 mV∙s-1 are presented in Fig. 1. 

 

Fig 1 – Cyclic voltammograms recorded on tungsten in NaCl-KCl+5wt.%AlF3 melt with various 

sweep rates of 10-1000 mV∙s-1 at: a – 973 K; b – 998 K; c 1023 K; d –1073 K; e –1123 K 

 

It can be observed on the cyclic voltammograms at high temperatures (800 and 850 °C), 

that aluminium starts to be deposited at potentials more negative than +0.05 V. At lower 

temperatures different reduction process increased the current density and changed the baseline 

for the aluminium electrode. This process can be associated with the presence of B(III), W(IV), 

W(VI), C (II), C(IV) cations, etc. Standard reversible potentials for B/B(III) and W/W(IV) at 800 

°C are 0.58 and 1.33 V relative to Al(III)/Al reference electrode. The values of measured 

reversible potentials were in the range of 0.4 – 1.0 V that supports this idea. These cations are 

introduced by the cell parts. The cathodic peak current densities were recorded at potentials from 

–0.2 to –0.4 V. In the case if the peaks were not visible due to the background reduction process 

it was determined at the potential when the slope of the curve appreciably decreased. In other 
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cases (at 700 °C with 10 mV∙s-1 sweep rate) the slope change was not visible, so the increase in 

current due to the sodium reduction, which happened at potentials from –0.5 to –0.7 V, was 

considered as a peak potential for further calculations. 

In the anodic part of the curves several peaks are clearly visible: oxidation peak of Na at 

the potentials from –0.4 to –0.5 V, oxidation peak of Al at the potentials from 0.2 to 0.6 V and 

another peak (much more sensitive to the sweep rate) probably associated with the oxidation of 

aluminium from Al4W intermetallic compound with a sufficient shift of the peak potential to 

more positive values. The shift of peak potentials with respect to the sweep rate indicates that 

both oxidation and reduction of aluminium are quasi-reversible diffusion-controlled processes 

complicated by several phenomena. The peak current densities drastically increase with 

temperature. The temperature of 800 °C has been chosen as an optimal value for further study in 

the 1.3KF-AlF3 melt. Cryolite ratio (CR=[KF]/[AlF3]=1.3) has been chosen according to the 

results of previous work [26]. 

Cyclic voltammograms recorded on tungsten in 1.3KF-AlF3 melts at 800 with different 

sweep rates in a range of 25-5000 mV∙s-1 are given in Fig. 2. 

 

Fig 2 – Cyclic voltammograms recorded on tungsten in the 1.3KF-AlF3 melt with various sweep 

rates of 25-5000 mV∙s-1 at 1073 K 

 

In the 1.3KF-AlF3 melt reduction of aluminium starts at more negative potentials than in 

chloride-based melts (-0.1 V and more negative). The values are in good agreement with the 

previous results [22]. The peaks of the aluminium reduction process are not visible due to the 

background process but can be estimated with respect to the slope change before the wave of 
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potassium evolution. On the anodic part of the curve potassium oxidation peaks appear at the 

potentials around –0.15 V and do not depend on the sweep rate when the rate is 500 mV∙s-1 and 

higher. Aluminium oxidation peaks appear at the potentials around 300 mV and then are 

followed by the tungsten oxidation wave. 

The diffusion coefficients � of electroactive particles were roughly estimated with the 

Randles-Sevcik equation for reversible and quasi-reversible diffusion-controlled processes: 

�� = −0.4463(��)
�

��(
��

��
)�/�     (7) 

where �� is the peak current density, F is the Faraday constant, F=96487 C∙mole-1, z is the 

number of electrons, � is the concentration of electroactive particles, � is the sweep rate, � is the 

gas constant, R=8.314 J∙mole-1∙K-1, � is the temperature. For the correction of a baseline for the 

anodic peak current density ipa the ratio was calculated from the uncorrected anodic peak current, 

(ipa)o, with respect to the zero current baseline and the current (���)� at the potential of sweep 

direction change by Nicholson equation: 

���

���
=

(��� )�

���
+

�.���(���)�

���
+ 0.086     (8) 

The anodic and the cathodic peak current densities and the corresponded potentials Ep are 

presented in Table 1 with respect to the potential sweep rate. 

Table 1. Kinetic parameters of the aluminium cathodic reduction and anodic oxidation in NaCl-

KCl+5wt.%AlF3 and 1.3KF-AlF3 melts at 700 – 850 °C (973 – 1123 K) 

υ, V∙s-1 υ1/2, (V∙s-1)1/2 
anodic cathodic 

ip, A∙cm-2 Ep, V |ip|, A∙cm-2 Ep, V 
NaCl-KCl+5wt.%AlF3 700 °C (973 K) 

0.01 0.10 0.09 0.13 0.39 -0.49 
0.025 0.16 0.20 0.15 0.50 -0.48 
0.05 0.22 0.25 0.14 0.63 -0.58 
0.10 0.32 0.29 0.15 0.85 -0.60 
0.50 0.71 n/v* n/v 1.40 -0.50 
1.00 1.00 n/v n/v 1.60 -0.50 

NaCl-KCl+5wt.%AlF3 725 °C (998 K) 
0.01 0.10 0.26 0.14 0.22 -0.25 
0.025 0.16 0.58 0.20 0.38 -0.40 
0.05 0.22 0.82 0.25 0.55 -0.30 
0.10 0.32 0.98 0.40 0.80 -0.45 
0.50 0.71 1.24 0.39 1.70 -0.50 

NaCl-KCl+5wt.%AlF3 750 °C (1023 K) 
0.01 0.10 0.42 0.19 0.22 -0.25 
0.025 0.16 0.51 0.25 0.81 -0.26 
0.05 0.22 1.12 0.30 1.02 -0.36 
0.10 0.32 1.50 0.29 1.41 -0.28 
0.50 0.71 1.83 0.18 n/v n/v 

1.00 1.00 2.10 0.18 n/v n/v 
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5.00 2.24 2.50 0.18 n/v n/v 

NaCl-KCl+5wt.%AlF3 800 °C (1073 K) 
0.01 0.10 0.80 0.21 0.65 -0.21 
0.025 0.16 1.01 0.26 1.50 -0.25 
0.05 0.22 2.30 0.31 2.35 -0.39 
0.10 0.32 3.55 0.35 3.60 -0.35 
0.50 0.71 4.87 0.39 n/v n/v 

1.00 1.00 6.90 0.36 n/v n/v 

5.00 2.24 6.85 0.37 n/v n/v 

NaCl-KCl+5wt.%AlF3 850 °C (1123 K) 
0.01 0.10 5.60 0.31 1.10 -0.29 
0.025 0.16 5.90 0.33 4.50 -0.31 
0.05 0.22 5.00 0.34 1.50 -0.32 
0.10 0.32 9.00 0.38 6.60 -0.49 
0.50 0.71 20.00 0.34 n/v n/v 

1.00 1.00 19.50 0.35 n/v n/v 

5.00 2.24 22.00 0.35 n/v n/v 

1.3KF-AlF3 800 °C (1073 K) 
0.01 0.10 n/v n/v n/v n/v 
0.025 0.16 0.98 0.21 0.72 -0.58 
0.05 0.22 1.07 0.22 0.80 -0.59 
0.10 0.32 n/v n/v 0.85 -0.58 
0.50 0.71 1.09 0.23 0.95 -0.54 
1.00 1.00 1.19 0.25 1.21 -0.62 
5.00 2.24 1.40 0.29 1.79 -0.64 
*n/v denotes “not visible” 

 

The peak current densities for anodic and cathodic processes drastically differ from each 

other under the same conditions. The reduction of aluminium in 1.3KF-AlF3 and its oxidation in 

the NaCl-KCl+5wt.%AlF3 melts have dramatically different kinetics parameters that can result 

in high overvoltages during the performance of the bipolar electrode. 

The dependencies of peak current densities against the square root of the potential sweep 

rate for anodic and cathodic processes in the NaCl-KCl+5wt.%AlF3 melt at 700-850 °C and in 

KF- AlF3 melt at 800 °C are presented in Fig. 3. 
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Fig 3 – Dependence of cathodic and anodic peak current densities vs. the square root of sweep 

rate for aluminium oxidation (a) and deposition (b) on tungsten substrate in NaCl-

KCl+5wt.%AlF3 and 1.3KF-AlF3 (c) melts at 700 – 850 °C (973 – 1123 K) 

 

Relationships between the current peaks (true or apparent) and the square roots of sweep 

rates are generally linear which confirms that both oxidation and reduction processes in chloride-

based melts are quasi-reversible diffusion-controlled. The dependence in 1.3KF-AlF3 melt 

appears not to be linear in the range of very low sweep rates because the equation (7) predicts 

zero peak current density at zero sweep rate. That can be the result of the background processes 

of other cations discharge. 

The densities of the melts, the concentrations and the diffusion coefficients calculated 

according to the eq. (7) for electroactive particles in both chloride-based and fluoride melts at 

700 – 850 °C are presented in Table 2. The density was calculated according to the expressions 

given in [29] and [26]. It was assumed that each electroactive complex ion that can be discharged 

at the electrode contain single Al(III) ion that can be true for oxygen-free fluoride melts. 

However, it can introduce some error to the concentration values in chloride melt due to the 

presence of ������ ions. Al(I) cations were not taken into account for the calculation. 

Table 2. Diffusion coefficients (D∙105 / cm2∙s−1) of electroactive ions Al(III) in NaCl-

KCl+5wt.%AlF3 and 1.3KF-AlF3 melts at 700 – 850 °C 

Electrolyte T, K 
CAl(III)∙103, 
mole∙cm-3 

ρ∙10-4, 
kg∙m-3 

D∙105 cm2∙s−1 

Oxidation Reduction 

NaCl-KCl-5wt.%AlF3 

973 0.899 1.573 0.23±0.08 1.12±0.54 
998 0.894 1.565 1.99±0.96 1.24±0.12 

1023 0.886 1.550 2.77±1.70 4.88±0.75 

1073 0.870 1.522 10.18±4.90 19.75±8.54 

1.3KF-AlF3 1073 9.006 1.740 0.04±0.04 0.02±0.02 

 

The diffusion coefficients dramatically increase with the temperature. The values 

estimated for the cathodic process in chloride melts are naturally higher than those for the anodic 

dissolution. The reason is probably associated with different diffusing electroactive particles. It 

seems that the electrode process mechanism connected with one of the equilibriums (3) and (4) 

where the particles in the left side are naturally larger and should be less mobile than those in the 

right side can be questionable. Other possible mechanisms of aluminium oxidation can be 

considered: 

������
� + 5��� + �� ⇒ 3�����

� + 3��       (9) 
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Lower diffusion coefficients in fluoride melt are associated with higher density and 

viscosity of the melt due to the presence and the high concentration of large complex ions and 

the low concentration of Na(I) and K(I) cations. 

The diffusion coefficients in chloride-based melts at 850 °C had rather high values (10-3 

cm2∙s-1 and more) that require further research and explanation or the finding of the experimental 

inaccuracy.  

Stationary polarization 

It seems that noble metals can be extracted from spent catalysts at the temperatures not 

less than 800 °C because of diffusion difficulties in the fluoride melts. For further 

characterization of Al bipolar electrodes potentials and overvoltages for stationary galvanostatic 

polarization curves (Fig. 4) were found according to the equations: 

� = ���� + �� + �� + ��      (10) 

�� = ���� − ��       (11) 

where U is the cell voltage, ���� is the reversible potential or EMF (with respect to the reference 

electrode), �� is the cathodic overvoltage (overpotential), IR is the Ohmic voltage drop, 

determined by current interrupt technique. The relation between the overvoltage and the current 

density for certain kinds of electrode processes (if the diffusion of reduced form can be 

neglected) is governed by the equation: 

� = −
��

��
∙ ln (1 −

�

��
)      (12) 

where � is the current density, �� is the limiting current density given as a function of mass 

transfer coefficient �� = � �⁄  (where � is the diffusion layer thickness) and �: 

�� = � ∙ � ∙ �� ∙ �       (13) 

Galvanostatic polarization curves for both chloride-based and fluoride melts at 800 °C 

were placed on the same graph (Fig. 4b). 
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Fig 4 – Stationary polarization curves for cathodic reduction of aluminium on tungsten substrate 

in NaCl-KCl+5wt.%AlF3 and 1.3KF-AlF3 melts at 973 – 1123 K 

 

The cathodic process in both chloride-based and fluoride melts has a significant 

overvoltage within a wide range of current densities. The overvoltage naturally decreases with 

the temperature. In both studied melts limiting current densities of 0.3 – 0.4 A∙cm-1 appear at the 

overvoltages of around 0.6 – 0.8 V. The cathodic reduction of Na(I) starts in chloride-based 

melts at the potential of –0.5 – (–0.7) V; the reduction of K(I) in both studied melts starts at –1.0 

– (–1.2) V. In chloride-based melts the overvoltage of aluminium reduction is lower at the same 

T due to the high diffusion coefficients of electroactive particles. 

It is briefly described earlier [22] that cathodic process is complicated by several parallel 

phenomena: a discharge of aluminium from different ionic forms, salt passivation, an appearance 

of dissolved aluminium near the cathode layer and rapid consumption of aluminium by the 

secondary process. This idea is supported by several experimental observations made in the 

current work: 

□ both anodic and cathodic process in some certain cases has double or triple peaks that can 

indicate the discharge of different particles; 

□ several limiting currents appear on the galvanostatic cathodic polarization curves in some 

cases; 

□ the peak potentials depend on the sweep rate that indicates the quasi-reversible process. 

These “certain cases” are not clear yet and require further research for a deeper 

understanding of the anodic and the cathodic processes on Al electrode in chloride-based and 

fluoride melts. 

 

Conclusion 
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The liquid aluminium bipolar electrode seems to be the promising solution for the 

electrochemical extraction of noble metals from spent Al2O3-based catalysts in halide melts. The 

electrochemical characterization of the electrode showed that: 

□ electroactive particles in chloride-based melts have higher diffusion coefficients (in 

comparison with 1.3KF-AlF3 melt) due to the high concentration of Na(I) and K(I) cations, 

low density and viscosity of the melt; 

□ electrochemical dissolution and reduction of aluminium in both chloride-based and fluoride 

melts are quasi-reversible diffusion-controlled processes complicated by several parallel 

phenomena; 

□ cathodic process in chloride-based melts requires the delivery of more mobile particles than 

the anodic dissolution of aluminium that make questionable the mechanism of discharge of 

Al(III) cations and ionization of Al(0); 

□ cathodic reduction of Al(III) in both NaCl-KCl+5wt.%AlF3 and 1.3KF-AlF3 melts occurs at 

high overvoltages (more than 200 mV at 0.1 A∙cm-2) with the limiting current densities of 

0.3–0.4 A∙cm-2 at 800 °C; 

□ according to the stationary polarization curves, the cathodic reduction of Na(I) in chloride-

based melts starts at the potential of –0.5 – (–0.7) V; the reduction of K(I) in both studied 

melts starts at –1.0 – (–1.2) V. 

In general, the kinetic parameters of the processes on the bipolar electrode show that the 

extraction in the two-sectioned cell can be beneficially performed at 800 °C with the high current 

densities. However, further study is required to establish the effects of catalyst content on 

kinetics and dissolution rate and to solve other relevant problems. 
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