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[ Abstract] By partial and general dissection of large prebaked alumina electrolysis cells, the macro appearance, chemical

composition and phase variations were studied employing actual observations and measurements on the cells together with X- ray

diffraction phase analysis and scanning electron microscopy of samples from different locations. According to the practical pro-

duction, a chemical reaction model of aluminum reduction cell failure was set up in order to reduce the incidence of cell failure

and extend pot service life.
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1 INTRODUCTION

In the recent five years, a number of large capacity
cells, such as 320 kA, 280 kA, 200 kA, 190 kA, etc,
were put on commercial use and the aluminum output
will reach 500~ 600 tons per year after ten years. In
this case, the cell life is extremely important for alu-
minum industry since it affords an overall indicator of
technical and economic performance in aluminum smelt-
ing. In theory, pot life can amount to 10 or more years
under standard conditions. In practice, the average ser-
vice life of an industry cell is usually 3 to 6 years " .
The gap is caused by pot failure occurred in working sit-
uation, such as the side lining and cathode failure usual-
ly led to cell run out and shut down. Many papers de-
scribed the phenomenon but the analysis of the causes
was not deep and completed enough'>*. In this paper,
a damaged industrial 140 kA center-fed prebake cell was
taken as an example, being completely cut-away to make
samples. By practical observation on composition and
phase analysis of samples, the cathode failure is studied
and the chemical reaction model is set up to understand
cathode failure and support theory basis to extend pot
service life.

2 CATHODE STRUCTURE OF LARGE PRE-
BAKED ALUMINUM REDUCTION CELL
AND ITS FAILURE

At present, there are many types of large prebake
aluminum reduction cell in China, but the cathodes have
little difference. Most cathode, as well as sample cell in
this paper, can be described as follows from up to
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down: using hot-rammed fine carbon block, standard
length semrgraphitised carbon blocks are assembled on
steel bar, and the peripheral seams and carbon block
seams are cemented with cold-rammed carbon paste so
that the bottom blocks and the single side block layer are
connected to form an integral carbon inner lining. Heat-
resistant concrete is cast around the steel bars, and re-
fractory bricks are used to construct the mantle. The in-
sulating layer is made up of light insulating bricks, an
impermeable steel plate and alumina powder, together
with refractory bricks. The expansion joint is filled with
alumina powder.

The longer the cell worked, the harder the cathode
failure happened, until the cell run out and shut down.
By careful observation of broken cell, the cathode failure
can be described as follows: bulging of pot bottom;
breakage and splitting of carbon blocks; ablation pits;
peripheral seam aliquation; steel bar fusion break or
melting; grayish white layer formation and outward ex-
pansion of pot shell, etc. Samples with different appear
ances from different parts were taken and analyzed to
find out cathode failure principles.

3 PHASE DETERMINATION AND MI-
CROSTRUCTURE OBSERVATION

The broken cells were subjected to complete dissec
tion by the dry pot cut-out method, and the phases in
the materials were studied by measurement and sam-
pling. By X-ray diffraction analysis, scanning electron
microscopy and optical stereomicroscopic examination,
the phase structure and composition, the microcrystalline
status of samples in different locations are basically elu-
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cidated to provide basis on which to study chemical cor-
rosions in lining and mechanism of cathode failure. The
locations and appearance character of samples are de-
scribed in Table 1.

The phase analysis of seven samples were done in-
dividually, the results and microcrystalline status of
samples are illustrated as follows( seven X-ray diffraction
patterns were omitted) :

Phases of N1 are: NasAlFs, CaF,, B-ALOs,
graphite, NaF, & AlLO; and Al4C3. The NaF crystals
observed in SEM are hexagonal plates( see Fig. 1(a)) of
about 1 Pm in thickness, the largest plates being 70
Pm. The aluminum polycrystals are irregular in form. A
small amount of Al4Cj crystals are also visible.

Phases of N2 are: NazAlFe, AlLCs;, Cals,
graphite, a small quantity of NaF, and B-Al,0;. The
cryolite content was greater than in N1, amount of
graphite was small. The cryolite crystallized with a small
amount of NaF' in the sample surface layer to form acicu-
lar crystals, see Fig. 1(b).

Phases of N3 are: AlLCs;, NazAlFg, B-ALO;,
Cal,, and a small quantity of graphite. The Al4C3 con-
tent was high and the crystals were coarse, possessing
laminar cracks; the crystal was brittle and readily frag-
mented, see Fig. 1(c).

The N4 sample have a high content of NazAlFs
phase, with less amount of B-ALOs;, CaF, aALO;,
Nal and a small amount of C3Na.

Phases of N5 are: AlsFe;, AlsFe and AlSiFe al-
loy.

Phases of N6 are: AlsCs, NazAlFs, CaF,, B-ALOs,
and small quantities of NaF and graphite. Some of the cry-
olite crystals were coarse. See Fig. 1(d).

Phases of N7 are: G’A1203, B‘A1203, Na3AlF6,

Cal, and NaAlSiO4. See Fig.2(e).

4 CHEMICAL REACTION MODEL OF CATH-
ODE FAILURE IN LARGE PREBAKE CELLS

According to analysis results and industrial prac
tice, a chemical reaction mould of cathode failure is es-
tablished and presented as follows! " > '

Under industrial electrolysis conditions, sodium
irons and aluminum ions are capable of partial co-elec
trodeposition because of the similarity of their potentials.
Moreover, thermite reaction can displace Na from NakF',
part of this sodium escaping by vaporization and part
permeating into the carbon block and continuously dif-
fusing to form a thermally unstable intercalation com-
pound Ci2Na or C3Na or CeNa as

32C(s) + Na(g) = CxNa(s) (1

The sodium carbide product of reaction( 1) is the
main cause of carbon block sodium swelling and exfolia-
tion. Therefore, precipitation of sodium must be kept to
a minimum, and the carbon lining should be controlled
at a high temperature of no less than 900 C to create
conditions under which no sodium intercalation comr
pounds can exist; efforts must be made to maintain a
850 C solid phase isotherm in the refractory brick layer
at the bottom of the carbon blocks! " ®'.

The sodium introduce into the carbon structure un-

dergoes the following reactions with the percolating elec-

trolyte:
3Na(in C) + NazAlFg(1) =
6NaF(s) + Al(1) (2)
12Na( in C) + 3C(s) + 4NazAlFg(1) =
Al4Cs(s) + 24NaF(1) (3)

Table 1 Sampling position in 140 kA industrial electrolysis cell and
apparent _characteristics of samples

Sample Sample position

Apparent characteristic and phase composition

N1 In ablation pit cavity in Grey white botryoid agglomerate; outer layer chiefly white electrolyte; interior containing pale yel

carbon block

N2  In carbon block fissure

N3

in carbon block

N4  Near steel cathode bar

low B alumina and golden yellow Al,Cs3

Distinct gray-white sintered kidney-shaped or stellate aluminum granules surface layer of gray-white
electrolyte, interior comprising light yellow B-alumina and golden yellow ALC;

Interior of transverse split Golden yellow, partly red botyroid agglomerate of AL,C3 crystals; characterized chiefly by complete
crystallization and high content

White crystalline NaF’; relatively pure on aluminum slab side; no golden yellow material

N5 AlFe alloy at bottom of Silver white with metallic luster, chiefly aluminunriron alloy with gray electrolyte distributed in

carbon block small crevices

N6

steel bar minum granules

Between carbon block and Redyellow chalk, very loose texture, with golden yellow Al4Cs granules clearly visible; few alu-

Grey-white layer between Grey black sintered mass, compact and relatively brittle; color and degree of compaction distinctly

N7  metalliferous layer and re- laminar in distribution

fractory brick
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Fig. 1 SEM results of samples
(a) —NaF; (b) —NazAlIFs( acicular) ; (¢) —AlCs; (d) —NazAlFg( coarse) ; (e) —BAlO;3

The volume of above reaction products are substan-
tially increase compared with the reactants, hence widen
the carbon block cracks, enlarge and deepen the pits,
as a result accelerate carbon block failure. Analysis of
samples collected from sampling position 6 and 7 illus-
trated that they contained pale yellow B-Al,O; and o
ALO3. The alumina is formed by the reaction as

6Nak( 1) + 34A1,03( dissolved) =

3NayO* 11ALO3(s) + 2A1F3( 1) (4)

Owing to ingress of air, the following reactions also

occur:
4Na(in C) + Oa(g) + 22AL,05(s) =
2(NayO* 11A1,03) (5)
12Na(in C) + 302+ 4NasAlFg(1) =
2AL,05(s) + 24NaF(1) (6)

2Na(in C) + 2C(s) + Na(g) = 2NaCN(]) (7
8Na(in C) + 2FeO(s) + 13C+ 6Ny(g) =
2NagFe( CN) 6(s) + CO2(g) (8
2A1(1) + Na(g) = 2AIN(s) (9
The above cyanides and nitride can hydrolyze in
air, releasing the toxic gas HCN, and an ammoniac odor
can be detected. Liquid aluminum leaked onto the steel
bars reacts directly as
Al(1) + 3Fe(s) = AlFes(s) (10)
In the presence of sodium, the reaction between the
electrolyte and steel bars is
3Na(in C) + NasAlFs(1l) + 3Fe(s) =
AlFes(s) + 6NaF(1) (11)

The silvery white AFFe alloy layer 5 with a metallic
luster is formed by this way. AlsFes, AlisFes and AlFe
Si alloy phases were obtained from this material.

A layer of refractory brick in contact with the car
bon cathode blocks is melted and corroded by the elec-
trolyte, transforming to a grayish white layer and glassy
compound( see phases of sample N7). The main comr

pounds are acAbLO3, B-Al,03, NaF, NasAlFs, CaF,

and nephelite, formed by the reactions!® '

8Na(g) + 5(3AL,03°2Si0,) (s) =

8NaAlISiO4(s) + 2Si(s) + 11A1,03 (12)
8Al(g) + 3(3A1,03°2Si0;) ( in solution) =
651( S) + 13A1203 ( 13)

8NaF(1) + 5(3AL,03° 2Si0,) (s) =
6NaAlSiO4(s) + 2A1F5(1) + 11ALOs(s) +
5A1,0;3 (14)
3NazAlFg(1) + 6( Al,05°2Si0,) (s) =
ONaAISiO4( s) + 2AIF5(1) +
The mullite
nephelite, and the nephelite reacts with the electrolyte,

in clay firebrick transforms to
producing SiFs, which escapes. The gaseous reaction
product causes volume expansion of the grayish white
layer formed by melting and transformation of the refrac-
tory brick, further aggravating upward bulge of the pot
bottom.

Generally speaking, in industrial situation, the

stresses created by sodium intercalation swelling in-
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evitably act on the carbon block itself; the sodium atoms
enter the crystal lattice and diffuse, causing the phase
spacing of the carbon crystals to increase from its original
3.44% 10" " mm to 3. 71 x 10" ' mm, leading to vol-
ume expansion and strength decrease in the carbon
block. Since the excess thermal stress generated is nec-
essarily released on all sides, the thermal stress remains
after part of the excess thermal stress has been removed
by outward expansion of the pot shell, which causes the
carbon blocks to arch into a bulge, and then add to the
crystallization pressure from molten salts percolating into
the carbon gaps and apertures. The increased thickness
of the Al-Fe alloy layer and grayish white layer serves to
aggravate uplift of the whole pot bottom. When the heav-
ing force exceeds the limit of flexure in the carbon
blocks, the carbon blocks inevitably undergo compres-
sive fracture and breakage, seriously damaging the car
bon lining. The electrolyte sedimentation mixed with
undissolved alumina constant swirl and scour the ablation
pits, until the aluminum liquid and electrolyte make
contact with the steel bars, damaging the bars by alloy-
ing and melting. At last, the cells run out and shut

down.
5 CONCLUSION

As well as enduring physical and mechanical insult
from stresses and abrasion, carbon cathode blocks of
large prebake cells encounter chemical corrosion of many
kinds under the action of heat, electrical, magnetic,
fluid and mechanical force fields. Failure phenomena
such as bulging, fracture, ablation pits and exfoliation
of the cathode blocks are the result of the combined ac-
tion of these deleterious factors. Using novel materials,

such as antrseep slip refractory, dry-barrier refractory,

C-SiC composite lining and C-TiB cathode block, lining
failure and bottom bulging can be reduced to extend the

cell service life largely.
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