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In this paper are presented studies on SnO2 – based ceramics a new possible material for inert anodes. Results on structure and 
behavior of this material are discussed. By constructing the x-y-z diagram of ternary SnO2 – Sb2O3 – Cu2O – O system, we could 
separate 5 monovariant equilibriums with SnO2 -solid solution and vapour. From the compositions range of the ternary SnO2-Sb2O3-
CuO system we choose only 2 for the electrochemical studies. The measurements of decomposition potential (Edec), current 
efficiency, cyclic voltammetry (CV) and corrosion were used to investigate these materials as inert anodes in a cryolite-alumina melt 
used for aluminum Hall-Heroult process at 970-1000°C. From the obtained data we conclude that the anodic process on these anodes 
takes place by a very simple process with no secondary reactions. Low alumina concentrations led to catastrophic corrosion of these 
anodes and the corrosion rate was found to increases with increasing current density. The corrosion rate of SnO2-based anodes 
showed only a slight increase (of 0.0004 gcm2h ) when the anode-cathode distance was decreased from 5 to 2 cm. The mechanism of 
corrosion was elaborated by correlating the corrosion data with solubility data of SnO2 – anodes in the Hall-Heroult bath.   

 
 

INTRODUCTION 

The only commercial process in use for making 
aluminium is the Hall-Heroult process, named after 
its inventors in 1889. Inert anodes have been 
considered for years to be the future of aluminum 
production by the Hall-Heroult process.  

 

The designation of “inert anode” is being used 
to represent any oxygen-evolving anode. With 
such anodes the primary cell reaction, which in the 
Hall-Heroult process is: 

 
 

 1/2Al2O3 +3/4 C = Al + ¾ CO2 Erev =  1.169V     (1) 
is changed to: 
 1/2Al2O3 = Al +3/4O2     Erev =  2.196V                                 (2) 

 
The∗ use of non-consumable anodes generates 

during electrolysis only oxygen, which 
environmentally is a very favourable gas and so the 
consumption of anode carbon in the electrolytic 
process will be eliminated. At the same time by 

                                                 
∗ Corresponding author:  popescuamj@yahoo.com 

using an non-consumable anode the emission of 
the green gases CO2, CO, CF4, C2F8 and most of 
the sulfurous gases (SO2,COS, CS2, H2S) will be 
also eliminated and the process of producing 
aluminum will be an ecological one. 
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The anode material is inert in the sense that it is 
not consumed in the cell reaction, as carbon anode 
is. However, as is demonstrated in the following, 
the materials in question undergo a slow corrosion, 
i.e. they are not completely inert; hence the 
designation “non-consumable” or ”oxygen-evolving” 
may be more appropriate. The rate of deterioration 
is an important factor in their ability to compete 
economically with the well established carbon 
anodes. 

The principal requirements for inert anodes are 
good electronic conductivity and chemical stability 
versus the electrolyte and the oxygen gas. For its 
resistance to chemical attack by pure oxygen (at 1 
atmosphere pressure and 960°C) the choice of a 
fully oxidized material is appealing. Adding to this 
a high melting point and wide range of 
electrochemical stability and it is easy to see why 
ceramics have received attention. Almost 
exclusively, metallic oxides have been chosen as 
candidate materials for non-consumable anodes. 

 The purpose of this paper is to examine the 
structural and electrochemical factor governing the 
behavior of the SnO2-ceramic based anodes. Tin 
oxide is the focus of attention owing to its high 
electronic conductivity. Taking in account the 
literature and personal data1-9 we selected only the 
rich domain of SnO2 having as best dopants Sb2O3 
and CuO. It was already established3 that CuO 
increases the densification and Sb2O3 increases the 
electrical conductivity (only in the presence of 
CuO) of the SnO2 –based ceramic. Taking in 

account all our previous studies on SnO2-based 
ceramics3-9,20-21 two samples (S1 and S2) of SnO2-
based anodes having different composition were 
used in this study.  

This paper examines the following aspects of 
SnO2- ceramic based anodes: (1)Construct the x-y-
z concentration diagram for the quaternary system 
SnO2-Sb2O3-CuO-O and make correlation of 
structure and behavior of those ceramic materials; 
(2)Determine the structural and ceramic 
characterization of 2 samples (S1 and S2) chosen 
from the whole composition range of the studied 
system; (3)Study the electrochemical behavior of 
the two studied samples and to correlate it with the 
microstructure and solubility of SnO2 in cryolite-
alumina melt. 

RESULTS AND DISCUSSION 

Taking into account literature data10-15 the 
concentration x-y-z diagram of quaternary SnO2-
Sb2O3-Cu2O-O system was constructed applying 
the principle of continuity and conformity, 
supposing that every phase state of the system has 
the alone geometric image.  

Studying the Figure 1, we can separate  
5 monovariant equilibriums with SnO2 – solid 
solution and vapour, which consists mainly from 
O2, SnO and Sb4O6 molecules, for this system in 
the P-T- region 600 -1500 K and 10-2 – 105 Pa:  

 
 SnO2(ss) – CuO – Cu2O – CuSb2O6 – V (vapour)           (3) 
 SnO2(ss) – Cu2O – Cu4SbO4.5 – CuSb2O6 – V                  (4) 
 SnO2(ss) – Cu4SbO4.5 – CuSb2O6 – Sb2O4 – V                  (5) 
 SnO2(ss) – Cu2O – Cu4SbO4.5  - Sb2O4 – V                      (6) 
 SnO2(ss)  - Cu2O – Sb2O3 – Sb2O4 – V                              (7) 
 
Really the compositions of SnO2(ss) in the 
monovariant equilibrium (nonvariant points on 
surface, which borders SnO2 –solid solution) differ 
from one to another. The most important 
contribution to the structural changes of those 
ceramics is due to the formation of CuSb2O6 compound, which during the thermal treatment we 
will prove that can form Cu4SbO4.5.  

The obtained data from the structure study are 
in very good agreement with previous data3,7,10,13-17 
regarding the structure of SnO2-based ceramic 
anodes. The most important contribution to the 
structural changes is due to the formation of 
Cu4SbO4.5 , as we will present below. 

The initial nominal composition of the chosen 
samples for this study (labeled S1 and S2) along 
with the phase composition and microstructure 
determined by XRD are presented in the Table 1. 

After thermal treatment, X-ray diffraction data 
indicate the formation of the rutile type solid 
solution (SnO2(ss)) as unique phase (Table 1) , the 
Cu/Sb ratio of the samples is >1 and Cu4SbO4.5 
formation may occur13,18. Must be notice that this 
compound does not dissolve into the SnO2 lattice; 
the CuSb2O6 binary compound, at ~1100°C, is 
solved in SnO2   up to 25 mol% as Cu1/3Sb2/3O2. 
The solid solutions formed have a rutile-type 
structure.10,13 
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Fig. 1 – The T-x-y-z diagram of ternary SnO2 – Sb2O3 – Cu2O – O system. 
 

Table 1 

Initial composition, phase composition and microstructure of the studied samples 

Sample Composition 
wt% 

CuO/Sb2O3 

molar ratio 

Phase 
composition 

Microstructure 

S1 98SnO2-1Sb2O3-1CuO 3.7 SnO2(ss) Cu4SbO4.5 

S2 96SnO2-2Sb2O3-2CuO 3.7 SnO2(ss) Cu4SbO4.5 

 
In fact during the thermal treatment the following reactions take place: 

 
 ~500°C:                Sb2O3 +1/2O2 →Sb2O4                  (8) 

            <900°C:               Sb2O3 +CuO+1/2O2 → CuSb2O6                               (9) 
           940°C:           CuSb2O6   +7CuO → 2 Cu4SbO4.5 +2O2                 (10) 
          1100°C:        [1-(x+y)]SnO2  +xSb2O4 +yCuSb2O6 → SnO2(ss)      ; x + y ≤ 1     (11) 
        (1-x)SnO2 + xCuSb2O6 → SnO2(ss)                   ; x  ≤ 0.5        (12) 
         xSnO2 + (1-x)CuSb2O6 → CuSb2O6(ss)     ; x  ≤ 0.2       (13)   

 
The SnO2-based solid solutions become unstable 

over >1200°C (in air) and the following decom-
positions may occur: 13,19 

 SnO2(ss) →SnO2 + CuSb2O6 (14) 

 2Cu4SbO4.5 → 4Cu2O +7/2Sb2O3 +9/2O2   (15) 

Solubilization reactions of Sb2O4 and CuSb2O6 
in the SnO2 lattice were evidenced by XRD 

measurements, which show only the existence of 
SnO2(ss) even if the quantities of Sb2O4 and CuSb2O6 
(with different crystallization systems comparing 
with SnO2) are over the limit of detection of the 
XRD equipment used. 

During electrolysis (~950-980°C), because of 
the oxygen evolving at the anode, other reactions 
may take place: 
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                                2CuSb2O6 + 8CuO +1/2O2 → Cu9Sb4O19                                              (16) 
                                Cu9Sb4O19   →  Cu4SbO4.5 +1/2CuSb2O6 +3/2O2                    (17) 

 
The Cu9Sb4O19   compound has a cubic structure 

with a0=0.9620 nm lattice parameters.19 

The surface of the sample is practically covered 
with a layer of the Cu4SbO4.5 compound. Under 
working conditions anyone of the above reactions 
can be promoted and these phase changes seem to 
be responsible for the electrochemical behavior of 
these anodes.7,17,19-21  

The values of ceramic properties [shrinkage 
(∆l/l), porosity (Pa ), and relative density (dr)], 
electrical    conductivity (K) at 1243K, activation 
energy for the electrical conductivity (∆EΛ) 

(determinate with an Arrhenius type relation ) and 
Seebeck coefficients (CS) ] for studied samples S1 
and S2 are given in  Table 2. These data indicate 
good electronic conduction for both samples. It 
was also noticed that the electric resistivity of the 
studied samples decreases with increasing of 
temperature and current density. The small 
negative values of the Seebeck coefficients 
confirm the n-extrinsic semi-conductivity of these 
samples. The Arrhenius behavior of electrical 
conductivity in the 473-873K temperature range 
evidences the electronic type conduction. 

 
Table 2 

Ceramic, physical and electrical characteristics of the studied samples 

Sample Ceramic Properties 
 ∆l/l (%) Pa (%) d(gcm-3) 

K1243K 

(Ωcm-1) 
∆E473-873K 

(eV) 
Cs 

(µVk-1) 
S1 -18.0 0 6.54 0.748 0.50 -1.83 
S2 -11.3 0 6.55 0.823 0.25 -1.78 

*∆l/l=Shrinkage ; Pa=Porosity ; d=Density; K=Conductivity; ∆E=Activation energy;   
Cs=Seebeck coefficient 

 
Our main purpose was to see if these materials 

are suitable for using as inert anodes in the Hall-
Heroult process for aluminum electrolysis. That is 
why the two samples were tested in the cryolite-
alumina laboratory electrolysis bath (composition 
and conditions are presented in the Experimental 
part), from the point of view of their 
electrochemical behavior. In order to make a 
complete electrochemical study we started with the 
polarization curves, determined the decomposition 
potential which was subsequently correlated with 
cyclic voltammograms and finally we looked for 
the evolution of current efficiency and corrosion of 
the studied SnO2-based anodes. A cyclic 
voltammetry study on the solubility of SnO2 in the 
electrolysis bath was also carried out. 

From the polarization curves, registered for S1 
and S2 in comparison with Pt-anode, we can 
observe that both S1 and S2 show similar 
behaviors as inert Pt anode. For a current density 
of 0.5Acm-2 the S2-anode gives cell voltage of 
~4V, values almost identicall with Pt-anode, which 
is in accordance with literature22 and with what we 
expected, as S2 has the highest density and 
conductivity. 

Starting from the observation that the S1 and S2 
have so similar voltages and because S2 has values 
comparable with Pt-anode, we decided to use only 

the sample S2 for the other electrochemical 
measurements. 

The decomposition potential (Edec) was 
determined by using the classical I-U curves.23 From 
the data presented in Figure 2A we calculated the Edec 
as being equal to ~2.17V which corresponds rather 
closely to the standard emf = 2,20V for the reaction 
of alumina decomposition (eq.2). Also it is 
important to see that the data obtained for S1 and 
S2 are very close to those on Pt (2,18V). 

From polarization data it was found that on 
these anodes as on Pt, the values of potential ohmic 
drop (EΩ) are almost equal with the Faradays’ohmic 
drop. So we can assume that the “superficial state” 
of the SnO2-based anodes is comparable with that 
of Pt from the point of view of umectability and 
electrochemical activity. In the same time this 
means that the connection we made between the 
SnO2-based anode and the metallic conductor 
assures a good pure ohmic contact. 

The measured overvoltage on S1 and S2 anodes 
was found to be almost the same, having a very low 
value of ~0.14V and being 4-6 times lower than that 
on carbon anodes. This behavior, correlated with the 
ceramic properties of the studied samples, confirms 
an interdependence of the overvoltage with the 
porosity of the studied materials.24,25 
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Fig. 2 – Electrochemical data obtained on S2-anode in Na3AlF6-CaF2-Al2O3 melt at 9800C and 0.8Acm-2: 

A. I-U curves for experimental determination of decomposition potential; 
B. cyclic voltammogramm obtained with RE=Al/Al3+, CE= graphite and  
at v=400mVs-1 (A-B = Al2O3 decomposition, B-C = oxygen evolution). 

 
Cyclic voltammetry study has been performed 

in cryolite-alumina melt for S1 and S2 anodes 
(Figure 2B) and compared with the literature data 
for carbon anodes (graphite). Very fast cyclic 
voltammetry measurements (>5Vs-1 ) conducted on 
graphite in cryolite-alumina melts showed the 
presence of an anodic peak prior to the peak 
associated with CO2 formation.26 In fact, 5 distinct 
peaks are present on the voltammogram, which 
were attributed to adsorbion/desorbtion of oxygen 
forming a carbon-oxygen surface compound. The 
shape of this voltammogram expresses the 
complexity of the anodic process on these carbon 
anodes.The evolution of voltammograms with 
SnO2-based anodes (obtained using a reference 
electrode (RE) Al/Al3+ ) showed once again a great 
difference in the electrochemical behavior of  these 

anodes and carbon one. The voltammogram 
obtained with SnO2-based anodes (Figure 2B) 
presents only one anodic peak at ~2,178 V, which 
corresponds to the value of the alumina electro-
reduction potential (Erev=2,19V). 

Comparing the two anodic processes on carbon 
and SnO2-based anodes, one can see the simplicity 
of the anodic process on SnO2-based anodes. 

Taking into account the criteria for voltammo-
grams diagnosis criteria 27-33 and looking to the 
obtained data, we can conclude that the discharge 
of oxygen on the SnO2-based anode is a reversible 
reaction controlled by diffusion as evidenced by 
the linearity between the peak current (ip) and the 
square root of the scanning rate (v1/2) as presented 
in Figure 3.  

 

 
Fig. 3 – Dependence of the anodic peak current (ipa) on square root of the scan rate (v1/2)  

for the cyclic voltammogrames recorded in a cryolite-alumina melt at 9800C with S2-anode. 
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We calculated the number of electrons implicated 
in the anodic process starting from the relation: 

 2.30
p

RT
E Fn         (18) 

where: ∆Ep= Ep(a) –Ep(c) ,n= number of exchanged 
electrons. This relation is applicable for reversible 
reactions with separation of insoluble products on 
electrodes. Taking into account the following data 
obtained from the voltammogram in Fig.2B: 
T=970°C, v=0.4Vs-1, Ep(a) = 2.192 , Ep(c) = 1.905 
and ∆Ep=0.287, it results that by applying eq.18 
the number of electrons implicated in the anodic 
process is n~2, which means that the discharge of 
oxygen on the SnO2-based anode takes place with 
the exchange of 2 electrons and without any 
secondary reactions.  

The voltammograms obtained with a quasi 
reference electrode (QRE) of Pt, showed a 
significant residual current at potentials below the 
oxygen evolution potential. Such a residual current 
was also found by Xiao34 and it was presumed that 

was due to anodic oxidation of Sb3+ and Sb2+ ions, 
formed by the dissolution of the anode in the melt: 

 Sb3+ → Sb4+  + e       (19) 

 Sb2+ → Sb4+ + 2e  (20)   

This residual current could also be due to the 
oxidation of the metal (Al or Na) dissolved in the 
melt.  

Literature data22,35 show that during the 
aluminum electrolysis with SnO2-based inert 
anodes, the bath and aluminum metal were 
somehow contaminated with tin.  

As one of the limiting factors of any industry is 
the energy requirement and as the electrochemical 
processes are big energy consumers, it is obvious 
that an important parameter for technology is the 
current efficiency. A significant problem for the 
application of inert anodes is the current efficiency 
with respect to aluminum. A complete study on the 
current efficiency for S2 anodes is presented in 
Figure 4. 
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Fig. 4 – Evolution of the current efficiency of S2 with current density (cd), anode-cathode distance (ACD), 
cryolite ratio (CR=molNaF/molAlF3), concentration of Al2O3 in the electrolyte bath and the temperature (t). 

 
The obtained data for the current efficiency 

proved that SnO2-based anodes gave higher current 
efficiency (>95%) that did the carbon anodes (86-
92% and 96% in some new modern cells) and 
these data are in good agreement with 
literature.22,36-38  

The current efficiency decreases with increasing 
temperature (t) in the electrolyte and increases 
monotonously with increasing the current density 
(cd) in the range 0.5-2A, but do not change 

significantly when reducing the anode-cathode 
distance (ACD) from 4.5 to 2.2cm. The oxygen 
bubbles formed on the inert anode are much 
smaller that CO2 on carbon anodes and this permits 
the ACD to be reduced. The current efficiency is 
rising with the addition of Al2O3 and is lowering 
by the increasing of the cryolite ratio (CR=molar 
NaF/AlF3). At low alumina concentration and at 
high current densities “catastrophic corrosion” 
phenomenon was observed. This takes place at the 
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decomposition potential of SnO2, whereby SnO2 
provides oxygen for the anode reaction.39 

The corrosion resistance may be the most 
important property in determining the performance 
of inert anodes. For this reason corrosion of inert 
anodes has been studied extensively.22    

There are several processes that can lead to 
corrosion and possible destruction of inert anodes, 
but the most important is the dissolution of the 
component oxides in the electrolyte. Our results 
on the corrosion of sample S2 are presented in 
Figure 5. 
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Fig. 5 – Corrosion rate of S2 as a function of the current density (cd), anode-cathode distance (ACD) and wt% Al2O3 . 

 
It can be seen that the corrosion rate increases 

with increasing current density. As the current 
efficiency also has been demonstrated that 
increases monotonously in the same direction, it is 
recommended to work at current densities of 0.5-
0.8Acm-2. When the bath was saturated with 
alumina, no corrosion degradation was observed at 
high current densities. From the point of view of 
the anode-cathode distance, there is no significant 
influence by decreasing ACD until 2 cm. We also 
found that the corrosion rate increases slowly with 
decreasing Al2O3 concentration in the electrolysis 
bath. Below 1% (w/w) Al2O3 the so-called 
catastrophic corrosion occurred, while at concentra-
tions above 6% (w/w) Al2O3 the corrosion reached 
acceptable levels. These results are in good 
agreement with the results found in literature.22,36,39 

As by visual inspection no visible corrosion 
was observed on the S1 and S2 anodes after 
electrolysis, SEM investigations where done on 
sample S2 of anode after electrolysis (Figure 6). 
The active surface is seen on the left side of the 
picture. As no visible changes in porosity were 
found it seemed that the interior of the anode was 
not unaffected. 

These results are in good agreement with 
literature39, where the XRMA measurements did 
not detect any Al, Na or Ca beneath the active 
surface of those anodes. It is therefore reasonable 
to assume that no appreciable penetration of bath 
into the anode has occurred. 

In order to understand exactly the process of 
solubilization of SnO2 and elucidate the mechanism 
of corrosion, a cyclic voltammetry study was 
perfomed in cryolite-alumina melts containing 
SnO2 and the results are presented in Figure 7. One 
must take into account that the Pt quasi-reference 
electrode causes a shift in the absolute magnitude 
of the potential. 

The obtained voltammograms are in good 
agreement with literature40,41 and show the presence 
of two oxidation states of tin in the melt and 
correspondingly two reduction states, while the large 
increase in the anodic current at potentials higher 
than 1,1V corresponds to the fluorine evolution.  

 (Red 2)  Sn4+ + 2e → Sn2+    (21) 

 (Red 1)  Sn2+ + 2e→ Sn               (22) 

 (Ox1)    Sn - 2e →   Sn2+               (23) 
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 (Ox2)    Sn2+ - 2e → Sn4+               (24) 

 2F- +2e → F2↑           (25) 

So by the dissolution of SnO2 in cryolite-
alumina melts tetravalent tin species are formed, 

being reduced to divalent tin under reducing 
conditions and further to metallic tin. 

During electrolysis with SnO2 –based anodes 
the condensate above the melt contained both 
divalent (SnF2) and tetravalent (SnO2) tin species.41 

 

 
Fig. 6 – The SEM micrograph image of the active surface of S2 inert anode after electrolysis. 

 

 
Fig. 7 – The cyclic voltammogram obtained for the solubility of S2 inert anode in cryolite-alumina melt  

at 9800C; QRE=Pt wire (φ=2mm), CE=GC wire ((φ=2mm); v=50-200mVs-1. 
 

Taking into account all literature data17,22,34,36 
and our personal ones obtained on corrosion of 
SnO2-based anodes, it is clear that one obvious 
mechanism of corrosion is the chemical dissolution 
of the anode material, according to the reaction: 

 SnO2 (s) + 4/3AlF3 = SnF4 (diss) + 2/3 Al2O3  (26) 

 SnF4(diss)  + 4/3Al = Sn +4/3AlF3(diss)        (27) 

Another possible corrosion mechanism is the 
reduction of tin oxide by the dissolved metal, 
according to the following reaction: 

 SnO2(s) + 4/3Al (diss) = Sn + 2/3Al2O3         (28) 

Reducing of SnO2 by the Al(diss) from the 
electrolyte can take place when the anodic current 

density is low and in this case Al(diss) can reach 
with the anode surface reducing the oxide material, 
which explains the increase in corrosion rate at 
anodic potentials below 2V, as indicated in Fig.5.  

Correlating the corrosion study with the 
structure and microstructure of those anodes, we 
conclude that formation during the thermal 
treatment of the Cu4SbO4.5 compound is 
responsible for the destruction of these types of 
anodes.  

However for industrial applications the 
corrosion rate of inert anodes should be maximum 
1cm/year. This corrosion rate is acceptable from 
the point of view of anode lifetime, but for some 
impurities it may not be acceptable due to 
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contamination of the aluminium metal. It seems 
that tin is one of the elements that is unwanted in 
aluminium because it forms a separate, low-
melting phase. 

EXPERIMENTAL 

For the obtaining of the ceramic based inert anodes S1 and 
S2 we used SnO2, Sb2O3 and CuO from Merck and Fluka 
(p.a).The preparation method was presented in detail in 
previous papers.3,6     

For the obtained pellets, the densification degree was 
evaluated from: linear shrinkage (∆l/l - %), by measuring the 
variation of the sample diameter before and after the thermal 
treatment; apparent porosity (P %), by weighing thermally 
treated samples before and after 24 hrs immersion in toluene. 

To investigate the internal morphology of the samples, the 
surfaces and fracture of the sintered ceramics were observed 
by Scanning Electron Microscopy (SEM JEOL 32 type).  

A direct current bridge was used for electrical conductivity 
measurements (four points scheme) on the gold - coated pellet.17 

The Seebeck coefficient was measured at room temperature 
(warm point method, platinum reference).  

All experimental methods for determining the ceramic, 
physical and electrical properties of those SnO2-based anodes 
(working electrodes= WE) were presented in details 
elsewhere.3,7,16,19   

The electrochemical studies were performed in an 
electrolyte of composition: Na3AlF6 (CR=molNaF/AlF3 =2.7) 
+5wt%Al2O3 +5wt%CaF2 at 970-990°C.  

The polarization measurements were performed under 
galvanostatic conditions at 9800C. The anodic overvoltage was 
determined vs. Al/Al3+ reference electrode, by slow potential steps 
(3step/min, 20A/step), without correction of the ohmic drop. 

The voltammetric studies were done using two types of 
potentiostats (Tacussel 10-20X with an X-Y Endine registrator 
and VoltaLab080-Radiometer with Volta Master 4 software). 
As reference electrode (RE) Al/Al3+ was used and Pt (quasi 
RE) and as auxiliary electrode (AE) pure graphite rod or the 
graphite crucible was used. 

The measurements of the current efficiency were done by 
collecting the total amount of the evolved anodic oxygen gas, as 
presented in details in previous pappers.27,28 The corrosion rate 
was determined by the gravimetric method.6 

CONCLUSIONS 

This study proved that the most important 
compound formed in the quaternary system SnO2-
Sb2O3-CuO-O is CuSb2O6 which during the 
thermal treatment is then transformed in 
Cu4SbO4.5. This appears on the surface of the 
anode and represents grains for solubility 
/corrosion during the aluminum electrolysis. The 
current efficiency and corrosion rate pointed out 
the conditions of high current efficiency and low 
cryolite ratio during Al electrolysis with those 

anodes. The electrolyte should have fairly high 
%Al2O3 to minimize the corrosion and the cell 
must operate at medium current densities (0.5-
0.8Acm-2). The great advantage of those anodes 
seems to be the possibility of operating at short 
ACD (~2 cm). Even if it is reasonable to assume 
that no appreciable penetration of the bath into the 
anode occurs, the solubility measurements showed 
that the dissolution was proportional with the 
composition of the anode and even if S1 and S2 
had a good resistance to the corrosion, a slight 
solubility which contaminates the aluminium 
product took place.  

Taking into account  the good properties 
(ceramic & electrochemical) of these ceramic 
materials used as inert anodes we intend to use 
them in Mg, Ca and Fe electrolyses, which take 
place at lower temperature and with electrolytes 
not so aggressive as cryolite. 
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