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1 Introduction

Spinel structural material is known very corrosion resistant in molten salts. In the research work of
inert anode for aluminum electrolysis, many investigations were focused on the substitution of carbon
anode, which would be consumed in the electrolysis processes, with spinel structural oxide compounds.
NiFe,0,-based and CoFe204—bas¢d materials were employed! ™, but it was found that the positive
metals, such as Fe, Co, Ni could be electrodeposited on the cathode. This would not only cause
corrosion of the anodes, but also contaminate the raw aluminum®* .

The authors had developed the ZnFe,O,-based inert anode™®, and the previous work proved that
zinc ferrite was the most promising material® . In the Present paper, a systernatic investigation on ﬂle
carrosion behavior of zinc ferrite in molten NaF-AlF;-Al,O, has been carried out.

2 Experiments

2.1 Synthesis of ZnFe,O,
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Fe,0O; and ZnO powders, corrmpondiﬁg to stoichiametric composition were mixed in a ball mill for
more than 72 h. The weight ratio of the ball to the mixed powder was 2:1. The powder was then sintered
in the oxygen-rich atmosphere to synthesize ZnFe,O,. The partial pressure of axygen was just a little
higher than one atmospheric pressure. The sintered powder was characterized by X-ray (CuKa), the
diffraction patterns is shown in Fig.1.
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Fig.1 X-Ray patterns of synthesized ZnFe, O,

2.2 Anode samples .

The ZnFe,O, powder was pressed (320MPa) into a cylinder shape and then sintered at 1450C for
30 h to produce anode samples, the partial pressure of oxygen was controlled at 56 kPa.
2.3 Corrosion experiments

Corrosion experiments were carried out in a specially designed graphite crucible which was set in an
electric fumnace in argon atmosphere.. The NaF-AlF;-Al, O, molten salt contained in the crucible was used
as electrolyte. The bottam of the crucible was used as cathode to conduct the experiments. The area of
the cathode was much bigger than the area of the anode. In the atrhosphere of argon, experiments were
taken at 950°C for 6~8 h. The samples were then taken out and put into the boiling solution of 30%
AICl; to leach the electrolyte adhered on it.

3 Results and discussions

The corrosion rate of the anode was calculated fram the weight loss of the sample, experiment results
are shown in Fig.2 to Fig.4.

In Fig.2, corrosion rates of the anode were determined at different mole ratio of NaF/AIF, when
C(Al,O,)=3%. In Fig. 3, corrosion rates of the anode were also determined at different alumina
content when NaF/AIF, = 2. 8. The wwo figures showed the same results that the corrosion rate was
variable with the anodic current density. The biggest corrosion rate appeared in the range of 0.5~0.75
Alcm’. The comrosion rate went down after that peak value. '

In Fig.4, the molten salts were saturated with alumina. Curve B showed the corrosion rate of the
anode without anodic polarization. When the electrolyte was saturated with alumina and the anode
was anodic polarized , the corrosion rate decreased with the increasing of the anodic current density and
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increased with the increasing of NaF/AlF,
in the molten salts. The corrosion rates in
curve E (iy = 1.5 Alem®), F (ip =
2.0 Alem®) and G (i = 2.5 Alem’)
were almost the same value. This means
that the corrosion rate would not affected
by the anodic current density or by the
mole ratio of NaF/AIF; when the
electrolyte was saturated with alumina and
the current density on the anode (i,) was
higher than 1.5 A/an’.

From the results of Fig. 2 to Fig. 4,
we concluded that high anodic current
density ( >1.5A/am®), high alumina
concentration and low mole ratio of NaF/
AlF; in the molten salts would be the most
tmportant conditions for the inert anode.

Temperature certainly affected the
carrosion  reactions. The temperature of
950C was chosen because it is the
practical temperature in  aluminum
industry. There were at least four kinds of
corrosion reactions of the axide campound
in the molten salts when it was anodically
polarized. These four kinds of reactions
could be used to explain the results of the
corrosion experiments mentioned above.

(1) Replacement reaction
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Fig. 2 Corrosion rate of zinc ferrite samples in molten salts with
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2nAl + 6MeO,, = 6Me + nAl, O,
AGr=AGY+ R’I‘ln[a','\,zo3 awol/lakak,]  (a-activity) (1)

different ratio of NaF/AIF,
C(ALO;) = 3%, NaF/AIF; (mole ratic); B—2.8, C~2.4,
D-2.2, E-2.0, F-1.8

0.0 0.5 1.0 1.5 20 25
Anodic current density / A * cm?

Corrosion rate of zinc ferrite samples in molten salts with
different alumina content .
NaF/AIF; (mole ratio) : 2.8%, AlL,O;: B—3%, C—4%, D~
5%, E-6%, F— saturated

(in this paper Me = Fe, Zn)

When the pure oxide is chosen as the standard state, ay,=1. If the molten salts is saturated with

alumina, there comes another appraximation, 7 a0, = 1( 7-activity coefficient) .

The concentration of Me (Fe or Zn) and Al in the molten salts is very low, this means that the

activity of the metals in the electrolyte equals approximately to its concentration , ay, = C,, , and
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an= CN ( Cw, CN—concenu'ation of Me

and Al in the molten salts) .
If the reaction is in equilibrium 3:20 i . "
(AGr = 0), the equation (2) can be B T ——3
derived from (1) gy - D
InCye = (n/9)InCy+ AGHSRT () £ 0| e s
The content of the dissolved g = e 8 G
aluminum in the anode region may be Cost R /a/'//.
decreased by oxygen produced on the 1,.8 20 22 24 26 28 30 32
anode: Mole ratio of NaF/AIFy

3[0] +2[A1] =A1203
(3/2)0, +2[Al] = ALG,

Fig. 4 Corrosion rate of zinc ferrite samples in alumina saturated

molten salts
In order to decrease aluminum ALOs: saturated, Current density (Afem®): B -0, C - 0.5,
concentration in the molten salts, the D-1.0, E-1.5, F-2.0, G-2.5

alumina content in the melts should be kept at high level. This was proved in Fig.2 and Fig.3.
(2) Exchanges between O”? and F 2
When the anode is immersed in the molten salts, the exchanges of O and F* is inevitable:
2nAlF; e T MO, 13 g = OMEF, | ien T 1AL OGS gisgived
2nNaF g + 2Me0,12 g = 2MeF, riien T 7 Na Ouinactved
From the equations above, we conclude that by increasing the concentration of Al,O; and decreasing
the mole ratio of NaF/AIF;, the corrosion rate is decreased, that are also shown in Fig.2 to Fig.3.
(3) Dissolution of the oxide campound
The axide compound dissolves in the molten salts, but it is difficult to identify this dissolution from
other kinds of corrosion. The rate of the dissolution is affected by the camposition of the molten salts and
also affected by the intensity of the current on the anode.
It is clearly that by increasing alumina content in the molten salts, the dissolution rate of the anode
would be decreased.
(4) Electrochemical corrosion
This kind of corrosion can be mentioned in two aspects.
1)When the anode is immersed in the molten salts, the corrosion cells will be constructed :
MeO,;, |NaF + MeO,, + AlF; | AlF;
Me| Oy, | NaF + Me; O,, + Me Oy, + AlF; [Me O, (Me; , Mey =Zn, Fe)
2) When the electrode is polarized, by-reactions will take place on the cathode:

n+ —
Mein,mh,,,,,l,, + ne =Me
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These are reactions that can not be eliminated and they are related with the concentration of Me in
the molten salts, which can be determined by equation (2).The results and discussions proved that the
corrosion of the spinel materials is inevitable in the molten salts, but it can be decreased by (a)
decreasing the mole ratio of NaF/AlF; in the molten salts, (b) increasing the alumina content, and (c)
increasing the current density on the anode. If the melt is saturated with alumina and the i, is higher
than 1.5 A/cm’, the corrosion rate of the spinel anode decreased to a limited value (Fig.4 curves E, F,
G). So the high current density on the anode and the alumina saturated electrolyte may be the most

important conditions for spinel materials when used as inert anode in aluminum electrolysis.

4 Conclusion

Zinc ferrite materials was proved to be very corrosion resistant in NaF-AlF;-Al,O; melts under the
condition of anodic polarization. Anodic polarization would cause a remarkable increasing of corrosion rate
when the anodic current density is low. The biggest corrosion rate appears in the range of 0.5~0.75
Alar®. The rate drops after that peak value, and decreases to a constant value with the increasing of
anodic current density. High anodic current density ( >1.5 A/cm®), high alumina concentration and low
mole ratio of NaF/AIF; would be the most important conditions for inert anode selection.

When the electrolyte is saturated with alumina and the anodic current density is higher than

1.5 A/cm®, the corrosion rate would be decreased to the minimal value.
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CORROSION OF ZINC FERRITE IN NaF-AlF;-Al,O; MOLTEN SALTS

YU Xianjin', QIU Zhuxian®, JIN Songzhe’
(1 Shandong Institute of Technology, Zibo 250012)
(2 Northeast Unicersity, Shenyang 110006) (3 Jilin Institute of Technology, Changchun 130021)

Abstract: Zinc ferrite was used as inert anode materials for aluminum electrolysis. The corrosion behavior
of zinc ferrite as investigated under the anodic current density of 0-2.5A/cm’. Experimental results prove
that zinc ferrite materials is very corrosion resistant to molten NaF-AlF;-AlL,O; under the condition of
anodic polarization. The biggest corrosion rate appears in the range of 0.5~0.75A/cm’. The corrosion
rate will get down after that peak value. High anodic current density (>1.5 A/em®), high alumina
concentration and low mole ratio of NaF/AIF; in the molten salts would be the most important conditions
for using inert anode.
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