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Abstract: The anodic behaviour of pre-oxidised and non-oxidised Cu—Al-based anodes (Cu—10Al and Cu—9.8Al1-2Mn)
in KF—AIF;—Al,0; melts was studied through galvanostatic and potentiodynamic polarization techniques. The alloy
compositions were oxidised for a short-term (8 h) at 700 °C, followed by galvanostatic polarization for 1 h at 800 °C
with an applied current density of 0.4 A/cm?. The potentiodynamic curves were recorded with a sweep rate of 0.01 V/s.
XRD analysis was conducted on frozen melt samples collected on the surface of the anode, and SEM observation was
performed on the anode after the experiment to study the phases of the scales formed on the alloys. All the anode
materials had a steady potential between 2.30 and 2.50 V (vs AlI/AlF;). The corrosion rates of the anodes were
calculated from the data acquired through potentiodynamic polarization. It was seen that pre-oxidised anodes possess a
low corrosion rate compared to those without pre-oxidation treatment.

Key words: inert anodes; potassium cryolite; Cu—Al alloys; corrosion; aluminium electrolysis; oxygen-evolving
electrodes

ALOsiss F3C=2Al0H3C0 (0°=1.033 V) (2)
2A1F3(diss)+2C(s):2A1(1)+C2F6(g) ((p®:2378 V) (3)
4A1F3(disS)+3C(s):4A1(1)+3CF4(g) ((ﬂ®:2155 V) (4)

1 Introduction

According to the Hall-Heroult process,

aluminium electrolysis is performed by using
consumable carbon anode (blocks) and aluminium
liquid cathode. It is well established that
consumable carbon anodes contribute to the
emission of high amounts of carbon dioxide and
perfluorocarbons, and the process requires high
energy consumption [1]. The principle reactions
occurring in the Hall-Heroult process causing the
emission of byproducts at 1000 °C are as follows:

ALO, i +3/2C =2Al, +3/2CO,

(Standard EMF ¢®=1.168 V) (1)

Moreover, around 14.4t of CO, is emitted
(including the indirect contribution from the electric
power used in the process) per ton of aluminium
production. For the past four decades, a
considerable amount of research has been
conducted to develop suitable inert anode materials
such as cermets, ceramics and metals [2—7]. The
following reaction takes place when inert anodes
are used:

Al2OS(diss):2A1(1)+3/202(g) ((p?SO °C:2‘337 V) (5)
The Ni—Fe-based metallic alloys are widely
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regarded as the promising candidate to be an
inert anode material. They are considered stable
materials because of the corrosion resistive oxide
scale (Ni,Fe;_,0,) formed on the outer surface in
the cryolite melt [8,9]. Other than the Ni—Fe-based
metallic inert anodes, Cu—Ni—Fe-based [10—12] and
Cu—Al-based [13,14] alloys have also shown
prominence. The Cu—Al-based anode has been
tested in potassium cryolite melts and alumina
suspensions at different parameters, and promising
results have been achieved [15,16]. The CuO, Cu,0,
CuAlO, and CuAl,O4 oxide scales formed on the
Cu—Al celectrode surface improve corrosion
resistance. It is also well established that copper
aluminate scales have low solubility in cryolite—
alumina melt, which means that anode products do
not contaminate the melt and aluminium metal.
Furthermore, the oxide layers formed on the
aluminium bronze alloy exhibit high electrical
conductivity. The high melting point of the
aluminium bronze alloy can withstand electrolyte
overheating, enabling the process without any
thermal shocks [17].

The oxide scale must be self-repairing, and the
oxide dissolution rate should be equal to or less
than the oxide replenishment rate. In general, the
anodic reaction depends upon the electrochemical
potential. For example, when the electrochemical
potential is less than the oxygen evolution potential
(2.2 V) but greater than the metal oxidation
potential, the following reaction will take place:

aM,, +b0{3,, =M, 0, +2be” (6)

When the electrochemical potential is greater
than both the metal oxidation and oxygen potentials,
the following relation will take place:

aM(S)+b/202(g):MaOb(s) (7)

A decrease in the operating temperature of the
electrolysis process can be considered inert anode
friendly as it reduces the corrosion rate of the anode
material and the thermal shocks, and provides easy
operational conductions. KF—AIF; melts can be
used as a low-temperature bath as they possess low
liquidus temperature (depending upon the cryolite
ratio (CR, molar ratio of KF to AlF;). The eutectic
temperature of the KF—AIF; melt is only 580 °C,
which is lower compared to the -eutectic
temperature of NaF—AIF; melt (700 °C). The
potassium cryolite melt has a higher alumina

solubility and a higher dissolution rate than sodium
cryolite melt at a similar temperature [18,19]. A low
operating temperature could avoid fluorine
penetration in the cathode and cell lining [20].
However, alumina is evenly distributed in the bath
at high temperatures [21], so it is advantageous to
have an operating temperature at around 800 °C
while using KF—AIF; melts.

The parameters of the studies such as CR,
working temperature and anode composition were
based on the previous results obtained, where the
current efficiency was around 84.4% and the
produced aluminium purity was 99.4% [17]. The
importance of this work is to understand the
influence of pre-oxidation on the anode process of
the alloy. It is known that pre-oxidising the anode
can improve corrosion resistance and chemical
stability [22]. A small percentage of Mn was added
to the Cu—Al alloy as Mn increased the corrosion
resistance when combined with CuO oxide [23].

In this work, the corrosion resistance of Cu—Al
and Cu—Al-Mn alloys in 1.4KF—AlF;—Al,0; melt
was investigated at 800 °C. The alloys with and
without pre-oxidation treatment were tested by
short-term galvanostatic polarization and potentio-
dynamic polarization. The anode samples after the
polarization were examined using the scanning
electron microscopy method to understand the
oxide layer formation. In addition, the frozen
electrolyte on the surface of the alloys was collected
for performing X-ray diffraction measurement to
understand the contamination of metal in the melt.

2 Experimental

2.1 Alloy preparation

Thin-rod shaped Cu—Al-based anodes with
two compositions Cu—10Al and Cu—9.8A1-2Mn
(wt.%) were prepared in a vacuum induction
furnace at 1050 °C. The materials used had a purity
of 99.95% Cu, 99.99% Al and 99.95% Mn. The
alloys were cast into rods using a steel crucible with
a rod-shaped mould (diameter: 5 mm; length:
50 mm). The alloys (Cu—Al and Cu—Al-Mn) were
pre-oxidised at 700°C for 8h before the
galvanostatic polarisation. A 3 mm-diameter hole
was drilled on alloy, and threading was made to
introduce stainless steel rod, which acted as a
current lead. The nominal compositions of the
alloys are shown in Table 1.
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Table 1 Compositions of anode materials tested in
potassium cryolite melt

Anode Mass fraction/%
Alloy ..
condition Cu Al Mn
Cu—10Al Non-oxidised 90.0 10.0 0
Cu—10Al Pre-oxidised 90.0 10.0 0

Cu—9.8A1-2Mn Non-oxidised 88.2 9.8 2.0
Cu—9.8A1-2Mn Pre-oxidised 88.2 9.8 2.0

The pre-oxidised specimens contain oxygen on the active surface,
where the contents of oxygen on pre-oxidised Cu—Al and
Cu—Al-Mn are 3.43 at.% and 0.37 at.%, respectively

2.2 Electrolyte preparation

The electrolyte was prepared from two
individual salts KF and AlF;, both reagent grades
supplied by Reachim (Russia). Initially, the salts
were dried at 400 °C to remove the moisture. Then,
the cell was heated at a rate of 120 °C/h. The dried
salts with the CR (1.4) were transferred to the
graphite crucible and heated at 850 °C to liquidise.
Finally, alumina (5 wt.%) was added to the
KF—AIF; melt to keep the melt saturated. Before
the tests, the electrolyte was refined by performing
a potentiostatic process where the graphite working
electrode was used, and a potential of 0.2V (vs
Al/AlF;) reference electrode was applied. The
process was performed for 2 h (or till the current
reached 0).

2.3 Electrochemical measurements and materials

characterisation

The studies were performed on the vertical
three-electrode cell, as shown in Fig. 1, where a
Cu—Al thin cylindrical rod was used as a working
electrode (WE). The graphite crucible acted as the
counter electrode. The WE potential was measured
versus the liquid aluminium reference electrode.
Autolab PGSTAT302n potentiostat instrument and
Nova 2.1.2 software (The MetrOhm, Netherlands)
were used to obtain potentiodynamic and Galvano-
static polarization curves. The cell temperature was
measured with a K-type thermocouple, and the
USB-TCO1 thermocouple module was used to
maintain a constant value (£3 °C). X-ray diffraction
technique was performed on the frozen salt samples
collected on the alloys after the galvanostatic
polarization to understand melt contamination by
the anode corrosion products. The process was

carried out using an X'Pert PRO diffractometer with
a PIXcel detector equipped with Cu K,;, radiation
and graphite monochromator. The HT1200
(AntonPaar) camera was used to scan the
diffraction patterns under high temperature and
vacuum. XRD patterns were recorded in the 26
range of 2°—62° with a step of 0.03°. SIROQUANT
package was used to estimate the oxide percentage
from the total phase compositions. The SEM—EDX
analysis was performed using Hitachi TM4000,
Hitachi SU3500 electron microscopes and the
elemental mapping was done using the BRUKER
Xflash 410 detector.

_' Potentiostat

WE RE

CE

Tungsten rod
—  K-type

thermocouple
BN tube

Stainless steel rod

Cu-Al/Cu-Al-Mn
alloys

r
BN tube
Graphite
crucible

Molten salt —
Liquid aluminium

Fig. 1 Schematic drawing of experimental setup
3 Results and discussion

3.1 Short-term galvanostatic polarization

The open-circuit potentials (OCP) were
recorded versus the AIl/AlF; reference electrode
once the WE was immersed in the melt. The
difference in the OCP of the non-oxidised and
pre-oxidised alloys reveals the presence of oxide on
the surface of the alloy. The alloy with 2 wt.%
addition of Mn has higher OCP, indicating that the
alloy has high corrosion resistance. The
pre-oxidised Cu—9.8A1-2Mn alloy has lower OCP
compared to the pre-oxidised Cu—10Al alloy. We
assume that the introduction of the Mn could have
reduced the thickness of the scale formed on the
alloy. The OCP values are presented in Table 2.

The potential versus time plots for the
galvanostatic polarization process are shown in
Fig. 2. The applied current density was 0.4 A/cm®.
The total potential ¢; which is the potential
difference between the WE and the RE, is the sum
of anodic over potential #,, ohmic voltage drop and
anode reversible potential ¢a relative to the RE. The
following equation represents the total potential:
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Table 2 OCP values for non-oxidised and pre-oxidised
Cu—10Al and Cu—9.8 Al-2Mn anodes

OCP (vs A/AIF;3)/V
Anode
Non-oxidised Pre-oxidised
Cu—10Al 0.19 1.27
Cu—9.8A1-2Mn 0.31 1.03
@~ IR+, (8)

where [ is the current applied and R is the total
electric resistance.

The total electric resistance is around 500 mQ
(obtained from the i-interrupt method), and the
applied current is 0.216 A which makes ohmic
voltage drop to be around 0.108 V. The #,is close to
0.2 V, so the remaining potential for all the cases is
between 2.00 and 2.20V and is associated with
the reversible potential. It is difficult to precisely
predict the exact reactions occurring on the anode
surface due to the presence of active species
like oxyfluoroaluminates (A1OF, , A120F627 and
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A1202F427) and aluminium fluorides (AlIF,; and
AlF¢") in the cryolite melts [18]. In Ref. [24], it has
been indicated that the gaseous AIOF, is
simultaneously generated along with the O, gas due
to the oxidation of AIOF, complex ions. In general,
it is difficult to predict the exact reaction occurring
at a certain point in time as it is also well known
that simultaneous oxides are formed at a given
instant.

To compare the non-oxidised and pre-oxidised
anodes behaviour at given constant parameters
(0.4 A/em?, 800 °C), keen observation is required
on the potential difference between the anode
material (WE) and the RE. Figures 2(a, b) shows
the closer view of the galvanostatic polarization for
the first 10 min. The Cu—10Al anodes, both
pre-oxidised and non-oxidised, require less time
than pre-oxidised and non-oxidised Cu—9.8Al—
2Mn, which shows that the Mn plays a crucial
role in the formation of the oxide scale while only
having 2 wt.% of the total composition of the alloy.
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Fig. 2 Potential versus time plots for non-oxidised and pre-oxidised Cu—10Al (a, ¢) and Cu—9.8Al1-2Mn (b, d)
electrodes at 0.4 A/cm” and 800 °C: (a, b) Close-up view of initial galvanostatic polarization period; (c, d) Full

galvanostatic polarization period
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In the case of the Cu—10Al anode, the
steady-state was achieved within 44 s for the
pre-oxidised anode compared to the non-oxidised
one, which required 77 s. This phenomenon is due
to the pre-existing oxide scale on the treated anode,
while the bare anode required a bit more time to
form the stable oxide phase. A similar scenario can
be seen in the case of Cu—9.8 A1-2Mn anode, where
the pre-oxidised anode required 135s to attain a
steady-state while it took 535s to obtain a
steady-state in the case of non-oxidised Cu—9.8Al-
2Mn anode (Figs. 2(c, d)). A gradual drop in the
potential difference for non-oxidised Cu—9.8Al-
2Mn anode at 285 s is related to the dissolution or a
spall of the oxide scale. It took around 250 s to
reach steady-state (to form a stable oxide scale)
after a drop in potential difference. In both anodes,
the pre-oxidised ones had more potential difference
compared to the bare anodes. A gradual increase in
the potential difference from 2.43 to 2.61 V caused
by the potential drop can be seen in the pre-oxidised
Cu—10Al anode after 35 min of the polarization
until the anode potential difference was in a steady-
state. The reason could be the formation of
non-conductive oxide scales on the outer surface,
which could lead to the passivation of the anode.
On the other hand, although it took a bit longer time
to reach a steady-state in both pre-oxidised and
non-oxidised Cu—9.8Al-2Mn anodes, once the
stability in potential difference was attained, it
remained steady till the end of the polarization
process, which indicates that the decomposition rate
of oxides is equal to the formation rate of oxides for
Cu—9.8A1-2Mn anodes. The time taken to reach the
steady-state is related to the corrosion resistance in
the case of Cu—9.8A1-2Mn anode. We can see that
the corrosion rate is lower for pre-oxidised while
the steady-state is attained quicker compared to the
non-oxidised Cu—9.8 AlI-2Mn anode.

The reversible potential is less than 2.3V
which corresponds to the decomposition of ALO;
and evolution of O, as the product of anode. The
following reactions could be the source of O,
evolution on the anode surface:

2Cu+A1203=2A1(])+2CuO+0. 502(g)

()
(9500°c=2-10 V) )
5Cu+2A1203:4A1(1)+5CUO+O.502(g)
(©]
(0 400c=2-05 V) (10)

3.2 Potentiodynamic polarization

The potentiodynamic  polarization  was
performed to estimate the corrosion rate of the
anode materials. The applied sweep rate was
0.01 V/s in the potential range between —0.5 and
3 V. The curves obtained from the above process
are shown in Fig. 3. The process was performed
twice to make sure that the recorded curves were
constant. The corrosion current density and the
corrosion potential were determined from the
intersection point of the tangents plotting from the
cathodic and anodic curves.

2

TN

= Cu—10Al
(Non-oxidised)
—~ Cu-10Al
-6 (Pre-oxidised)
-+ Cu-9.8A1-2Mn .
| (Non-oxidised)
-~ Cu—9.8A1-2Mn .
(Pre-oxidised)

lg[J/(A-cm™)]
A

sty

-1 0 1 2 3
Potential (vs AI/AIF;)/V
Fig. 3 Potentiodynamic polarization curves at sweep rate
of 0.01 V/s for non-oxidised and pre-oxidised Cu—10Al
and Cu—9.8Al-2Mn electrodes after 1 h galvanostatic
polarization

The corrosion rate was calculated using the
below equation:

Vcon:3272JCOHEW (11

d

where v 1S the corrosion rate in mm/a, J.. is the
corrosion current density in Alem?®, E, is the
equivalent mass of alloy in g (for Cu—10Al: 29.495
and for Cu—9.8Al-2Mn: 29.016), and d is the
density of the alloy in g/cm® (for Cu—10Al: 7.273
and for Cu—9.8A1-2Mn: 7.249)

The more positive corrosion potential (1.56 V)
in Cu—10Al (pre-oxidised) suggests that the alloy is
not easily corroded. The pre-oxidised Cu—10Al
anode has a low corrosion rate and more positive
corrosion potential, suggesting that the anode
material is more resistant to corrosion and reflects
corrosion rate value. From Table 3, it can be seen
that the Cu—10Al (pre-oxidised) has a 90%—95%
lower corrosion rate compared to other alloys. This
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might be due to the passive layer formation on the
anode surface, which attributes to the low corrosion
rate.

Table 3 Corrosion parameters of Cu—10Al and
Cu—9.8A1-2Mn anodes measured in KF—-AIF;—AL,O;
(CR=1.4) melt at 800 °C

Jeor! o/  Corrosion rate/

Anode (mA-cm?) V (mm-a )
(Ngl:iioc{?sled) 2.23 1.32 29.59
(Pr(ilo_;ig?sled) 0.11 1.56 1.45
fﬁﬁﬁfﬁﬁ? 1.54 0.84 20.16
Cu—9.8A1-2Mn 117 138 s

(Pre-oxidised)

3.3 Material characterisation

The frozen melt sample on the anode material
was collected after the galvanostatic polarization.
The X-ray diffraction method was performed to
check the contamination of anode products in the
melts. The XRD patterns were recorded in the 26
range of 2°-62°. The mass of the collected sample
was around 2 g. The XRD patterns obtained are
shown in Fig. 4. The samples collected on the
non-oxidised Cu—10Al anode contained three types
of oxides: Cu,O (1.56 wt.%), CuO (9.96 wt.%),
CuAlO, (0.80 wt.%) and metallic Cu (3.01 wt.%),
and the rest of the samples contained melts with
different phases such as K,NaAlFgs, KAIF,, K;AlF¢
and KAIl4F ;. The presence of anode products in the
collected samples indicates that the scales formed
on the surface are unstable. It might be due to the
formation of metal fluoride on the surface of the
anode material. In the pre-oxidised Cu—10Al anode,
only metallic Cu (0.45 wt.%) was identified in the
examined sample due to the low content of the
oxidation products.

In samples collected on the non-oxidised
Cu—Al-Mn anode, only Cu,O (0.12 wt.%) was
found. While similar to the pre-oxidised Cu—10Al
anode, samples collected on the pre-oxidised
Cu—9.8A1-2Mn anode also had only metallic Cu
(0.54 wt.%) identified by XRD.

The SEM method was used to examine the
anode surface after the galvanostatic polarization
process. The EDX elemental mapping and single-
point analysis were performed to estimate the
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Fig. 4 XRD patterns obtained for samples collected
on Cu—10Al (a) and Cu—9.8A1-2Mn (b) anodes after
1 h galvanostatic polarization: 1—Cu,0; 2—CuO; 3—Cu;
4—CuAlO,; 5—K;NaAlFs; 6—KAIF;;,  7-K;AlFg;
8—KAlF;

presence of a particular oxide scale. The SEM
cross-section images of non-oxidised and pre-
oxidised anodes can be seen in Fig. 5. In general,
the metallic oxide is formed as a first scale on the
non-oxidised anode when immersed in the fluoride
melts, and in this case, according to the elemental
mapping, CuF, or CuF is supposed to form. Thus,
the following two reactions could occur (The Gibbs
energy changes for the above reactions are
calculated using HSC Chemistry 6.0 software):

Cu,,,+AIF;” —CuF, +AlF;+2¢

A.G®=—367.037 kJ/mol (12)
Cu,,, +AIF; »CuF, +AlF;+¢”
A,G®=-513.279 kJ/mol (13)

The outer layer is mainly composed of CuO
and Cu,0. The brighter spots in the image represent
the Cu metal. The darker spots (Zones 4 and 5 in
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Fig. 5 SEM—EDX images of cross-section of Cu—10Al anode after 1 h galvanostatic polarization: (a) Non-oxidised;

(b) Pre-oxidised

Fig. 5(a)) contain a high content of fluorine, which
might be the electrolyte and copper fluoride. In the
pre-oxidised Cu—10Al anode, a pre- existing scale
can be seen in Zone 7 of Fig. 5(b). Unlike the bare
Cu—10Al anode where the metal fluorides are
formed, the first layer on the anode surface
comprises metallic oxides such as CuO, Cu,O and
CuAlQO,. In this pre-oxidised Cu—10Al anode, a
presence of significant fluorine content can be seen

(Zone 8 in Fig. 5(b)), while Zone 9 in Fig. 5(b)
contains copper-based oxides and some electrolyte
content. A gradual increase in the potential
difference in the galvanostatic polarization curves
could be due to the presence of electrolyte between
the outer layer and the pre-existing scale. The
single-point analysis data can be seen in Table 4.
The SEM images of the cross-sections
of the Cu—9.8 A1-2Mn (both non-oxidised and
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Table 4 Contents of elements on cross-section of anode
and in melt in Fig.5 using SEM—EDX single-point
analysis

Zone Content/at.% Total
No. Cu Al 0 X content/
at.%
1 82.38 17.62 0 0 0 100
2 19.78 1326 3332 937 2427 100
3 5483 13.78 21.21 6.00 4.18 100
4 19.23 8.84 43.13 7.70 21.10 100
5 493 1657 11.44 16.81 50.25 100
6 7877 17.79 343 0 0 100
7 41.85 2831 24.62 2.03 3.20 100
8 3.19 17.73 14.60 20.26 4422 100
9 44,60 17.06 13.21 10.28 17.85 100

pre-oxidised) anodes can be seen in Fig. 6. The
single-point analysis data can be seen in Table 5. It
is surprising to see that the first layer (Zone 2 in
Fig. 6(a)) on the non-oxidised anode is metallic
oxide rather than a non-conducting metal fluoride
scale. The darker portions (Zone 3 in Fig. 6(a)) in
this image have a high fluorine content and are
possibly melt, and Zone 4 in Fig. 6(a) is a metallic
oxide that might also contain MnO and MnOQO,.

In the pre-oxidised Cu—Al-Mn anode, an
oxide scale formed due to the oxidation process can
be seen in Zone 7 in Fig. 6(b), visibly differentiated
from other layers. Multiple layers of metallic oxides
and electrolyte content can be seen in Fig. 6(b),

(b)

Fig. 6 SEM—-EDX images of cross-section of Cu—9.8Al-2Mn anode after 1h short galvanostatic polarization:

(a) Non-oxidised; (b) Pre-oxidised
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Table 5 Contents of elements on cross-section of anode
and melt in Fig. 6 obtained using SEM—EDX single-
point analysis

Zone Content/at.% Total
content/
No. Cu Al Mn O K F At %

1 80.63 1793 145 0 0 0 100
2 6497 823 098 17.06 2.14 6.64 100
3 3.27 16.58 0.03 12.35 15.69 52.08 100
4 59.07 11.93 035 14.78 5.85 8.03 100
5 2678 16779 0.12 12.22 14.65 29.43 100
6 80.84 1654 225 037 0 0 100
7
8
9

43.40 12.71 1.29 28.42 1036 3.82 100
32.25 16.78 3.08 21.73 11.06 15.10 100
298 17.41 0.09 9.65 18.93 50.94 100
10 3.43 13.32 0.40 1541 20.58 46.79 100
11 38.68 10.97 3.16 18.51 18.37 10.31 100

where Zones 8 and 11 contain metallic oxides and a
significant amount of Mn relative to its content in
the alloy.

Compared to the Cu—10Al anodes, Cu-—
9.8A1-2Mn anodes had a lower potential difference
and attained steady-state till the end of the process,
although more time was needed to obtain constant
potential. The presence of Mn in anode samples has
played a crucial role in the stability of cell potential,
which might be due to the absence of metal fluoride
formation as the primary oxide layer, unlike the
case of Cu—10Al alloy (non-oxidised and pre-
oxidised) where metal fluorides are readily formed.

4 Conclusions

(1) The potential difference of all the anodes
vs Al reference electrode (during the galvanostatic
polarization) was in the range of 2.30—2.50 V, and
the steady-state was attained earlier in anodes with
pre-oxidation.

(2) The corrosion rates of the pre-oxidised
anodes are lower compared to those of non-oxidised
ones, and pre-oxidised Cu—10Al has a corrosion
rate of 1.45 mm/a, which is 90%—-95% lower
compared to that of the other three anodes. This
could be due to the passivation of the anode from
the formation of Al,O; and CuAl,O4 layers on the
pre-oxidised Cu—10Al anode.

(3) SEM results show that the metal fluoride is

formed as the first layer on the non-oxidised
Cu—10Al anode, which is expected. Still, the
non-oxidised Cu—9.8A1-2Mn does not contain any
metal fluoride, which is unusual.

(4) The presence of Mn in the Cu—10Al alloy
results in a steady state during the polarization
process for a longer period. At the same time, the
corrosion rate of pre-oxidised Cu—10Al anode is
lower compared to that of the pre-oxidised
Cu—9.8Al1-2Mn anode.

(5) The Cu—9.8A1-2Mn anodes (both
non-oxidised and pre-oxidised) show promising
performance, and long-term electrolysis must be
conducted to see the performance.
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