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Corrosion behavior of Cur Ni- Ag Al alloy anodes in aluminium electrolysis®
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Abstract: The behavior of Cir NrAg-Al alloy used as anode for aluminum electrolysis was directly visualized in a two

compartment see through cell during electrolysis, and its performances were tested at 850 C in acidic electrolyte molten
salts consisting of 39.3% Nal-43. 7% AlF3 8% NaClF 5% CaF 4% Al,03 for 40 h in a laboratory cell. The results show
that nascent oxygen oxidizes the anodic surface to form oxide film at the beginning of electrolysis. X-ray diffraction analy-
sis of alloy surface show that the oxide film on the anodic surface consists of CuO, NiO, AL,O3, CuAl,04 and NiAlOy4.
However, SEM image shows the oxide film is porous, loose and easy to fall into electrolyte and to contaminate aluminum.

T he corrosion mechanism of metal anodes was analyzed.
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1 INTRODUCTION

There are large amount of CO, and dangerous
gas( CF4) released by using carbon anode in aluminum
electrolysis. While the use of inert anode could help
to suppress the emission of greenhouse gases, as
shown in the following equations:

2A1,03+ 3C= 4Al+ 3CO, (1)

2A1,03= 4Al+ 30, (2)

Replacement of carbon anodes by inert materials
has been a subject of research in aluminum electroly-
sis. And research on inert anode is mostly focused on
the choice of anode materials!!. Cermets have for a
long time been viewed as one of the most promising

4 and many of

groups of materials for inert anodes'”
them have been patented for aluminum electrolysis,
but none of them is yet in commercial use!”. This is
mainly because they are weak on their electronic con-
ductivity and resistant thermal shock, and the joint
with the power is also difficult'®. Compared with
cermet anodes, metal anodes take advantage on these
aspects. In addition, metal anodes are easy to fabri
cate and present fewer difficulties in servicel’ .
However, many metals react with oxygen evolved on
anodic surface and show poor resistance in molten
electrolytel "', Therefore, the main concern on metal
anodes is the stability of the surface film, which
should have performance of preventing attack of the
underlying metal either by molten electrolyte or oxy-
gen''!. The purpose of this paper is to discuss the
reason why aluminum is contaminated, and to illus-
trate the forming process of oxide film on the anodic

surface and their dissolution mechanism in molten
electrolyte with CurNrAg-Al alloy used as anode in a-
luminum electrolysis.

2 EXPERIMENTAL

2.1 Fabrication of metal anodes

Cu, Ni, Ag and Al were used for prepare the an-
ode materials, as Cu can enhance electronic conduc
tivity, Ni shows good resistance in molten cryolite,
and the addition of aluminum is known to improve the

oy . 11713 . .
oxidation resistance' I Mass ratio among Cu, Ni,

Ag and Al is 631 21: 5. 11. Cu, Ni and Ag were
reagent grade, and Al was pure flake. These materi-
als were melted in a furnace under the protection of
argon at 1 280 C, and then forged into a carbon
mould. There was a screw on the top of the anode to
be connected to the power supply by inconel rod.

2.2 Experiment settings

Two different methods were used to research on
alloy anode behavior during aluminum electrolysis.
Visualizing electrolysis were carried out in a two com-
partment see through cell. Electrolysis lasted for 40 h was
also performed in a laboratory furnace. Both electrolysis
tests were conducted in molten electrolyte consisted of
39. 3% Nal-43. 7% AlF5- 8% NaClF 5% CaF'4% A0 at
850 C. Electrolytes were all dried before use. Schematics

of the experimental settings are presented in Fig. 1.

3 RESULTS AND DISCUSSION

3.1 Visualizing electrolysis testing
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Fig. 1 Schematics of experimental settings
(a) —Laboratory cell;
(b) —Two compartment see through cell
1 —Measuring thermocouple;
2 —T emperature controller thermocouple;
3 —Attemperator; 4 —Electric furnace;
5 —Iron crucible; 6 —Graphite crucible;
7 —Alumina insulative sleeve liner;
8 —Anode rod & alumina sleeve;

9 —Vent pipe; 10 —Alumina feeder tube;
11 —Alloy anode; 12 —Electrolyte melt;
13 —Liquid aluminum; 14 —Carbon cathode;
15 —Quartz windows; 16 —Adjustable lamp;

17 —Anode rod; 18 —Cathode rod;
19 —Glass windows; 20 —Camera

No gas bubble was found on anodic surface when
current density was increased gradually from 0 to O.
36 A/ cm” during the electrolysis at the velocity of 0.
045 A/(cm”* min); while there were current flowing
through electrolyte, and aluminum fog produced in ca
thodic compartment, as shown in Fig. 2.

Fig. 2 Phenomena at beginning of
aluminum electrolysis

At the beginning of electrolysis, a little oxygen gener
ated at the low current density, and the amount of oxygen
was not adequate for nascent oxygen to oxidize the anodic
surface to form oxide film. Thus, there was no oxygen
bubble evolved on the anodic surface.

After current density was set at 0. 36 A/cm’,
there were thick foam on the molten electrolyte sur-
face and oxygen evolved as gas bubbles. In high cur
rent density, oxygen evolving velocity was faster than
metal oxidizing velocity, so there were oxygen e
volved. When current density decreased to 0. 24 A/
cm” at the velocity of 0. 045 A/(em”* min), there
were still oxygen bubbles evolved. It was shown that
the metal was oxidized at very low velocity. This is
because when the metal oxide film was thick enough,
oxygen atom transporting to underlying metal was re-
stricted, and then the alloy anode was protected by
oxide film.

3.2 Laboratory scale electrolysis testing

The relationship of cell voltage with electrolysis
time is plotted in Fig. 3 when the anodic current den-
sity was 1 A/ em’.

As shown in Fig. 3, cell voltage was stable dur-
ing the course of electrolysis, while gas bubble e
volved drastically around anode. After electrolysis,
the product of Al deposited at the bottom of elec
trolyte, which contained 95. 6% Al, 4. 0% Cu and
0. 4% Ni analyzed by electron probe microanalyzer
(810 type). The impurity ( Cu) content is high in
product of aluminum since copper in alloy anode re-
acts with oxygen to form Cu0 and CuO, and the sol-
ubility of them are high in molten cryolite. Copper
ion is deoxidized at the vicinity of cathode and de-
posited into aluminum. In addition, Cu may be dis-

placed by Al

3.3 Composition and structure of oxide film
After electrolysis, oxide film on anodic surface is
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analyzed by X-ray diffractometry, and the result is
shown in Fig. 4.
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Fig. 3 Fluctuation of cell voltage with
electrolysis time
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Fig. 4 XRD pattern of oxide film

From Fig. 4, it can be seen that the composition
of oxide film is complicated. There exists mixed met-
al oxides( CuO, Al,03, NiO) and their compound ox-
ide spinels( CuAlO4, NiAl,O4). Besides, there are
AlF3 and NazAlFs, which come from electrolyte.

SEM image of the anodic surface is shown in
Fig.5. The oxide film is porous material and it is

r—

Fig.5 SEM image of Cr NrAFAg anode surface

not compact enough. So it may be fall into electrolyte
since it is pushed by the flow of the electrolyte and
the anodic bubbles. The electrolyte may also attack
the underlying metal of the anode by penetrating
through the porous oxide film. This is one of the rea-
sons why aluminum is contaminated. How to form a
compact oxide film is the most challenge of metal an-

ode.

3.4 Corrosion mechanism

The schematic of the corrosion mechanism of
metal anode is shown in Fig. 6. During the course of
electrolysis, AFO-F complex anions and F~ anions
were transported to anode under the electromagnetic
action, and oxygen atom discharged on the surface of
metal anode!'*!. Then oxygen reacted with anode to
form metal oxides on anodic surface. Anodic reaction
was different with change of the concentration of alu-
mina. At high alumina concentration, anode reaction
may be the following equation:

-
Metaian] f- /

Spinel layer Me+0’r’ MeO/
=

Oxide layer

02— '+0y+e”

Me
0% 0 O O,

IMustration of course of erosion
of anode surface

Fig. 6

[ALO2F4]* + 2Me+ 2F =
2MeO+ 2A1F3+ 4e (3)
At low alumina concentration, the anode reac
tion may be written as:
2[ ALOFs]* + 2Me= 2MeO+ 4AlF3+ 4e  (4)
At high temperature, AlLO3, CuO may react
with NiO further, forming spinels as the following e

quations:
ALO3+ CuO= CuAl,04 (5)
A1203+ NiO= N]'A1204 (6)

Spinel is an ionic compound, which has high
melting point and chemical stability. It can prevent
from the attack of molten electrolyte at high tempera-
ture.

Some oxide films fall into electrolyte because the
loose layer is pushed by the flow of electrolyte and an-
odic bubbles, and some of metal oxide films dissolve

in the molten electrolyte since they react with elec
[15]

trolyte as Eqn. (7)
Me,O,+ 2y/3NasAlF¢=
MexF2y+ y/3A1203+ 2yNaF (7)
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Metal oxide may also react with aluminum dis-
solved in electrolyte by following displacement equa
tion:

Me,O,+ 2y/3Al= y/3AL03+ xMe (8)

When the metal oxide is thick enough, oxygen
evolves from anode surface. Anodic reaction may be

[ALO2F4]* + 2F = 2A1F3+ Og+ 4e (9)

or  2[ALOFs]* = 4AlFs+ Ox+ 4e (10)

4 CONCLUSIONS

1) At the beginning of electrolysis, oxygen oxi
dizes metal surface firstly to form oxide film, and it
helps to prevent the alloy anode to be oxidized fur
ther.

2) Oxide film consists of metal oxides and
spinels. The forming of spinels is beneficial to resis-
tant molten electrolyte.

3) Oxide film is porous, loose and easy to fall in-
to electrolyte and to dissolve, which makes aluminum
be contaminated.
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