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Some types of anodes that could replace the usual carbon anodes in aluminium production by the
Hall-Heroult process are based on $nThe present investigation deals with $#fl,04;-CuO
ceramics having an Sp@ontent of>96%), ShO; and CuO being dopants. The ceramic pellets,
thermally treated at 140 for 4 hours, were analysed by X-ray diffraction and IR spectroscopy.
The structural analysis of the samples evidenced an &gifpe solid solution. All samples were
electronically conductive (small negative values of the Seebeck coefficients), having an activation
energy ranging within 0.02 - 0.3 eV.

The anodic polarisation curves obtained with those anodes in an electrolyte of §8HsNa
7% Al,O; and 5% Capwere studied. The results were correlated with the microstructure of the
investigated samples.
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1. Introduction interelectrode distance (ACD), current density (CD)
and concentration of AD; and LiF [11].

Replacement of the consumable electroconductive During the electrochemical investigations some ir-
carbon anodes of the Hall-Heroult cell by inert SRO regularities were found (it seemed that a small amount
based anodes has interested many researchers faf axygen was consumed on the anode).
longtime [1 - 4]. Our studies in this field were centred To understand the causes of these phenomena to
on ceramics based on b, and CuO doped SnO diminish or remove them, we studied the chemical
[5, 6]. processes between the three oxides (Srh,0;,

Dense electronconductive ceramics containinguO) taking place during the thermal treatment.

more than 90wt% SnOwere used. The optimum The studies performed in the SpSb,05-CuO
composition (from the viewpoint of the densificatiorternary system underlined the complex phase rela-
and electrical conductivities) was found to be 96wtoGonship [12 - 14].
SnO,, 2wt% ShO;, and 2wt% CuO. In the papers Thus, tin dioxide and antimony oxide give a lim-
[7 - 9] the electrochemical behaviour of this anod#éed solid solution with rutile type structure of the
material in a cryolite-alumina bath was studied, an8mn_.Sh,O, form. Copper (ll) oxide does not react
the current efficiency (CE) was evaluated todf#2%, chemically with SnQ, but it forms a eutectic melt
compared to 87% of carbon anodes. that improves significantly the sintering.

The optimum working parameters of the electrol- When ShO; and CuO coexist with Snf) the
ysis cell, i. e. temperature, current density, intereleghemical reaction of CuO and 3b; takes place pref-
trode distance and electrolyte composition were dérentially, forming CuSfg and/or CySbQ,  binary
termined. Due to the fact that anode corrosion apped@mpounds.
to be the main obstacle for the use of inert anodes in Inan G, atmosphere or at high pressure, for amolar
commercial cells [10], the corrosion rate of SRO ratio CuO/ShO; > 4 the CySh,0,4 compound can
based inert anodes was studied as a function of tA0 be formed [15]. Up to 25mol% Cughy; with
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Table 1. Starting composition, phase composition and ceramic properties of the samples thermally treated 4 hours at
1400°C.

Oxide composition (wt%) CuO/sb, Phase composition Ceramic properties
Sample  Sn® ShO; CuO molar ratio phase VA3 AV *%  AlJI(%)  P(%)  d(glcn?)
S, 98 2 - - SnQe,y 714 -0.14 0 8.8 4.73
S, 98 - 2 - Qss) - - -12.6 0 6.48
S, 97.5 2 0.5 0.91 Snéss) 71.4 -0.14 -4 7.16 5.01
S, 98 1 1 3.71 SnQy  71.2 -0.4 -18 0 6.85
Sy 96 2 2 3.70 SNy 712 -0.4 -11.3 0 6.55
_ Vsample— Van — A3
*AV = Ve 100 [%], Vsno, = 71.5A°.

trirutile type structure dissolves in the Sp@ittice. Table 2. Microstructure and electrical characteristics of the
A solid solution of the Sp_,Cu, /3Sky, /30, form is ~ studied samples.

obtained. We mention that ¢8bQ, ; does not dis-
solve in the Sn@ matrix, but probably by forming

Samples Microstructures xg700¢ AEd,zoo-soooc Cs

. 2 o Scm~1) (eV V/IK

a eutectic melt it will improve the densification pro- ( ) &) GV
perties [12]. S,  pores 0.251 0.01 -12.3
The purpose of the present paper was to study the2 :;gl:éds phase 8.2388 o s
correlation structure-microstructure-electrical char- S, Cu,Sbo, traces 0.590 0.3 18
acteristics and the anode polarisation of the $SnO s,  Cy,SbQ, . traces 0.716  0.25 -1.7

based ceramics.
3. Results and Discussions

2. Experimental . .
3.1. Structural, Ceramic, and Electrical
The oxide mixtures were prepared from reagent Characteristics
grade (Merck) Sn§) Sb,0O; and CuO. The powders . .
with grain sizes below 6@m were homogenized wet. ¢ The sttudlegli_r?ampl_(ta_slwere lab.,?"ed Wlthl_styrgt_)ols
Cylindrical samples withp = 10 mm and variable romTSéIolss. elr iniial compositions are fisted in
heights obtained by pressing at 30 MPa were heatgbe abie L.

o i ; According to the initial composition and CuO/
to 1400°C with a 4 hours plateau. A heating rate of .
10 °C/min and cooling rate of 26C/min was used. >%Os Molar ratio (Table 1) the terms of the parage-

After the thermal treatment the samples were an esis of the _samples have been considered belonging
; - o the following systems:
ysed by X-ray diffraction, IR spectroscopy and elec- .
tron microscopy. The ceramic properties densiy ( Si:  SnG:-Sh,0s binary system,
porosity (P,) and linear shrinkage{/1) were deter- S:  SnQ:-CuO-CyO ternary system,
mined. To ensure a good electrical contact during the: ~ SNQ-CuShOg-Sh,0, seudoternary svstem.
: - -S.: SNO-CuShO,-Cu,Sbo, s/ P y sy
run of experiments, the pellets were polished and goﬁi S 6l 5

plated by a special treatment [16]. . After thermal treatment, the X-ray diffraction data
The resistivity measurements were carried Oifidicate the formation of a rutile type solid solution
with a B-641/\Wyne Kerr autobalance bridge, in Iov(\§5noz(ss)) as unigue phase (Table 1).
impedance scheme, connected to an especially de- slight contraction of the elementary cell volume
signed conductivity cell [16] over a temperature ranggs the solid solution compared with Sp@vas evi-
from 20 to 1000°C. denced (Table 1)
Seebeck effect measurements were performed withThe ceramic properties, namely apparent porosity
a special device built up in the NIPM laboratory [17](P,), linear shrinkage/{ /1) and densityd), also pre-
The anodic polarization curves were obtained bgented in Table 1, pointed out an inadequate sintering
current-voltage measurements under galvanostatitthe § and § samples.
conditions. Speedsf® - 5 steps/min at 10 - 30 mA  In Table 2 the microstructure and the electrical
were applied atincreasing and decreasing current [8haracteristics (conductivity, activation energy, and
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Fig. 1. Microstructure of the S5 sample.
a) Image of the composition; b) profile of
the composition.

Fig. 2. X-Ray diffraction
spectrum for the S5 sample.

T 17T

L]

Seebeck coefficient) of the samples are presented. The
presence of liquid phase (sample S,), pores (samples
S, and S;) and Cu,SbO, 5 traces (samples S, and Sy)
is mentioned in column 2 of Table 2.

It is well known that the presence of the liquid
phase improves the sintering ability of CuO doped
SnO, (the case of the sample S,). The high porosity
(Table 1) of the S, S; samples indicate the presence
of the open pores. Figure 1 shows the porous surface
of the S, sample.

Thermal treatment over 1200 °C makes SnOy,
unstable [18]. The following reactions take place:

S,: Sn0,,, £2120°C, (1 _ £)Sn0,, + 510,
+ySb,0; 1
°>1200°C

S5: Sn0,, =255 (1 — £)Sn0, + zSn0O,

+ yCuSb,04 + 25b,0; T
and can increase the pore volume.

The samples S, and Sg belong to the SnO,-
CuSbOg-Cu,SbO, 5 pseudoternary system contain-

20 > m: Cu,SbO, 55 A: SnOyss).-

fo

ing beside SnO,, very small amounts of Cu,SbO,
which does not dissolve in the SnO, matrix.

The X-ray diffraction spectrum at the surface of the
sample S, presented in Fig. 2, confirms the presence
of this compound, preferentially oriented.

The electrical conductivity x = 1/p at 970 °C, cal-
culated from experimental resistivity data (p = Rél’:,
where R and S stand for the resistance and area of the
sample section, respectively, and [ is the distance of
the voltage contact), is listed in Table 2. The electrical
conductivity is quite high in all samples at this tem-
perature, and in agreement with the microstructure
of the samples. The highest value of the conductiv-
ity was found for the sample S according to its high
density and large charge carrier number.

The activation energy (AE,), determined from the
linear dependency of the In x vs. 1/T" with an Arrhe-
nius type relation

X = xoe®/ R,

is also given in Table 2. The values range from 0.01 to
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Fig. 3. The evolution of anodic overvoltage vs. current
density on different anodes. 1: vitrous carbon; 2: graphite;
3: pretreated carbon; 4: SnO,-based inert; 5: Pt.

0.3 eV, suggesting electronic type conduction for all
investigated samples. The values of the Seebeck coef-
ficient (Table 2) obtained in this investigation support
this viewpoint.

3.2. Electrochemical Behaviour in the
Cryolite-alumina Melts

It is well known that the Hall-Heroult process for
aluminium production uses consumable carbon an-
odes. The cell reaction is the following:

17, AL,O; +3/,C=A1+3/,CO,, E,,, = 1.169 V.

The anode product, when inert anodes are used, is
oxygen, and the cell reaction is

1, ALO, = Al+3%, 0,, E,,, =2.196 V.

This large difference in emf between those 2 processes
is partly offset by higher overvoltage on carbon (0.4 -
0.6 V) than on SnO,-based inert anodes, see Figure 3.

The overvoltage increases with the current density
at 970 °C and an obvious difference between the over-
voltage of carbon, Pt and SnO,-based anodes is noted.
The anodic process of SnO,-based anodes occurs with
3 - 4 times lower overvoltage than of carbon anodes,
and similar to Pt inert anodes.

In Fig. 4 we present anodic polarization curves
of the studied samples, comparatively with those of
Pt anodes, obtained in an electrolyte of composi-
tion 83wt% NajAlFg + Twt% AlF; + 5wt% CaF,
at 970 °C.

U[V]

T O T N N I S O B I 2 T

0 02 04 06 08 1 12 14
I[Acm™]

Fig. 4. Anodic polarization curves, obtained in an elec-
trolyte of composition 83% Na;AlFg + 7% Al,O; + 5%
CaF, at 970 °C. o (gray): SnO, + 2%Sb,05; e: SnO,
+ 2%Cu0O; OO SnO, + 2%Sb,0; + 0.5%CuO; m: Pt;
A: Sn0O, + 1%8Sb, 05 + 1%Cu0; o: (dark) SnO, + 2%Sb,0;
+ 2%CuO.

At the current density of 0.8 Acm~2 (which is
used in industry) the highest voltage was found on
the S, sample. This sample contains a small amount
of Sn0,-Cu0-CuO, ternary eutectic melts, which can
act as a potential barrier.

The samples S, and S;, that present the higher
apparent porosity (open pores), also exhibit a high
voltage.

Voltages similar to those on Pt were obtained on
the samples S, and S;. It was noticed that the lowest
potential was obtained for the sample S5, which also
has the highest electrical conductivity and the porosity
zZero.

The presence of the microphase Cu,SbO, 5 at the
working temperature (970°C) did not distort the elec-
trical behaviour. Indeed Shimada and Mackenzie [19]
identified in the 380 - 1000 °C temperature range, in
air, the following chemical reaction:

Cu4sbo4,5 380 — 1000 °C, in air CUSbZOGs

which could improve an additional incorporation of
CuSb, O in the SnO, labilized lattice.

The ohmic drops (measured by the interruption cur-
rent method and with an oscilloscope) on all those
electrodes were very high, varying in the range 2.2
to 7 V at 0.8 Acm~2.Those high ohmic drops ex-
ist because of the high resistance in the electrolysis
circuit.
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4, Conclusion All the studied samples were presented as a rutile
type solid solution, but with different microstructure.
This study makes for the first time an exhaustiv&he electrical conductivity and the anodic polariza-
investigation of the structure and electrochemical bé&ion were closely associated with the microstructure
haviour of SnQ-based inert anodes. of the samples.
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