N
\ \
12 s
h, N
i)
B NS
E
\
b —NT R
N
i- It%iﬁ- 'ia::'ﬂaw ARANARRAN
gl-r_--an —
N /1T T 7]

I “ )
]

i

e

r"#‘"'lf"“'."l A Ard

17 20 27

Unlted States Patent [19] un 3 856 650
Kugler et al. D_ec. 24, 1974
[54] CATHODE FOR AN ALUMINIUM FUSION 3,400,061 9/1968  Lewis et k..o, 204243 R X
| ELECTROLYSIS CELL AND METHOD OF g‘;?jggg : 2; }g?g JBUh“;‘)“ ---------- e ; Oi?jﬁ‘g i
| ; , | _ acchiega et al...........
- MAKING THE SAME , 3,578,580  5/1971  Schmidt-Hatting ............. 1204/243 R
[75] Inventors: Tibor Kugler, Thayngen; Hans 3,700,581 10/1972 De Varda........ ree e 204/243 R
‘Wolthart Rleger, Ber]lngen 3,788,968 [/1974 - Muller et al. ................... 204/290 R
Switzerland | : |
. | Primary Examiner—John H. Mack
73] Assignee: Swiss Aluminium, Lid., Chippis, 05t S0 B DM T etine
| Attorney, Agent, or Fzrm-—-——Ernest k. Marmorek
22] Filed:  Mar. 19, 1973
211 Appl. No.: 342,450 571 ABSTRACT .
| . The invention relates to a cathode for an aluminium
(301 Foreign Application Pritority Data fusion electrolysis cell, particularly to a cathode in the
| Mor. 2]' 1972 Switzerland | 4295/72 form of a pot, comprising walls of electrically con-
ar. WHZELIANG. coovennnnss A ” ducting matenal and a coating on the inner surface of
the walls of a ceramic material which is electrically
Egﬂ }J“tS gll 204243 R, 204/2_90 R g%%ﬁ/gﬁgi - conducting and insoluble in fused cryolite and in mol-
(58] Field (}fSeh """ e 204!2435{ 244-247 ten aluminium and further to a method of making a
i 504/200 R POt in which the ceramic material is applied in finely
| 77 dispersed form with such energy as to produce adhe-
[56] Ref es Cited | - slon between the ceramic material and the inner sur-
| UNITEI; S(:TFE:FFEESS ;ZTENTS face of the pot and COI]SO]IdElthI’I of the ceramic mate-
INHLEU S . rial. | | _- |
2,971,899  2/1961 Hanink et al. .............. 204/243 R X e
3,202,600 8/1965 Ransley................... 204/243 R X - 13 Claims, 1 Drawing Flglll‘e
10 .
_® . @
oL — 13 -
11

_..\\_.;.
o O

‘
"A”J

L
]

¥ ik
=Sl

11

L L NL L LS

v &L

—\

l!
N
P,

l I---‘--\\u

VA SN A S A A A AT AW '...’"""

o 26



PATENTEDIEC248 3,856,650

o0,
—

N

NS

(O
VL D GG II TSI

Ll'ﬂ'ﬂ'l'iil

#J:rmrn 2L r.rfmrmr#rrrf:;r;:

A\
RS

vl 21 v
] P
\\\\\\I

l-ﬂ-

a o
- Ir

21
Kol

N A\

- 4 _' _ . .
AWV R R RhaL.

- ©

i " 1’_

AV SRy AV AW A A4

STV A S S S VA A

20 27

l- -‘\5‘\1-
*h'lll?l

M’WJ”A’! m’

:

: VA A ATAevS

ROt

w
A



1
CATHODE FOR AN ALUMINIUM FUSION
ELECTROLYSIS CELL AND METHOD OF
MAKING THE SAME

A conventional aluminium fusion electrolysis cell
consists of a casing consisting of metal or concrete in

- which 1s arranged a pot intended to receive cryolite and

electrolytically separated aluminium. Between the
outer wall of the pot and the inner wall of the casing
- there 1s introduced an electrically non-conducting ther-
mal insulation, which at the same time also supports the
pot in the casing. For conductwon of the electrical en-
ergy for maintaining the electrolysis in progress, there
are provided conductors of a ferrous materlal con-
nected with the pot.

Because of the physical and chemical conditions cre-
ated by the aluminium fusion electrolysis and acting on
the material of the pot, the pot is usually made of car-
bon. It can be manufactured by moulding of a mass
consisting of carbon with a binder, with subsequent
thermal treatment. However, it is preferred to assemble
pre-fabricated carbon blocks, with sealing of the sepa-

rating gaps with a carbon mass, and thereafter to treat

- the pot thermally. In this procedure, the ferrous con-
ductors, otherwise known as cathode bars, are inserted
in a previous operation in channel-shape recesses in
one side of the preformed carbon bodies, and are cast
-around with cast iron to produce the electrical contact,
whereupon, for embedding the conductors without
gaps, the channel-shaped recesses are filled with car-
bon mass.

The workmg temperature of (130) an alummlum fu-
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losses of output arise, Wthh can be attributed to the in-
~ ternal resistance of the cell, which is composed of a se-

[0
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“ries of individual resistances. A given internal cell resis-

tance 18 unavolidable at the starting of the electrolytic
process, but at the present state of cell technology the

losses to be noted, and pure losses over and above, are

1in an order of magmtude which justifies all endeavours

to form the cell components with smallest possible indi-
vidual resistance. The pot consisting of carbon, by rea-
son of its wall thickness, produces a resistance which
amounts to a not insignificant part of this output loss.

The invention exerts influences on this, in that the
pot on its inner surface has a coating consisting of a ce-
ramic material which is electronically conducting and
insoluble in fused cryolite and molten aluminium.

By the invention, defects of the known electrolysis
cells are eliminated. | -

“With a metal pot the electrolyms space, ‘with equal

“external measurements of the casing, is increased by

about the thickness of the carbon lining hitherto usual.

Furthermore repairs are snmpl:ﬁed by the omlssmn of
the carbon lining. -

With pots con51st1ng of carbon or of carbon w1th ce-

- ramic materials, advantages are also achieved. As com-
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sion electrolysis cell lies between 950° and 980°C, and

consequently the contents of the pot, consisting of
cryolite and separated aluminium, exerts extreme ther-
mal conditions on the pot by reason of its high heat

33

content, which limits the working life of the pot by rea-

son of mechanical effects. During the operation of the
cell there takes place an impregnation of the material
of the pot with alkali fluorides originating from the
cryolite, which produces an additional chemical action
on the pot material reducmg the life of the pot. This ac-
tion penetrates to the iron cathods bars, and fi nally has
~as a consequence a “‘break through.”

- At the end of the working life of the pot there ap-
pears a degeneration attributable to these conditions,
and revealing itself by current and voltage values de-
parting from the normal, as well as by increasing iron
content in the electrolytically separated aluminium. At
high expenditure the cell must be put out of action, for
renewal of the pot with employment of pre-formed
blocks and tamping in of a carbon mass for sealing of
cracks as well as introduction of cathode bars, as ex-
plained above, with subsequent burning of the entire
structure. From endeavours towards an economical
cell operation, with the objective of as high as possible
a working hife of the pot, the walls, especially the wall

4()
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pared with conventional wall thicknesses, the coating
permits ones of smaller dimensions, with enlargement
of the cell space. Furthermore in a pot consisting of
carbon of usual wall thickness a deformation of the pot

‘which is based upon an interaction of the pot material

with constituents of the pot content is through hin-
dered, which means a significant extenston of the wnrk-
ing life of the pot.

~If the pot is of carbon, the coatmg protects the inner
surfaces of the pot, and especially protects the pot ma-

‘terial against impregnation with alkali fluorides. By this

means the chemical mndltmns which have to be re-

~garded in selectmg the pot wall thickness are so far di-
‘minished in effect, that slighter wall thickness for a

comparable or longer working life of the pot become

possible, with simultaneous increase of its capacity and
reduction of its internal resistance.

‘This result can also be achieved to an mcreased ex-
tent if the pot consists of a metal resistant to high tem-
perature, for example Cr Ni-steel.

Another possibility is to make the pot of a mixture of
carbon with titanium boride, titantium carbide or sili-

~con carbide or of carbon with mixtures of titanium bo-

50
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portions between the pot floor and the upper side of the

cathode bars, are made of considerable thickness.
However, the additional costs for each unit of alu-

minium produced are against an unrestricted choice of
the vessel wall thickness, and compel a compromise.
Thus with the smallest possible cell ground area, and
‘provision of necessary insulation, a pot content as large
as possible is to be aimed- at, which, with employment
“of a good insulating material between vessel and casing,
is obtainable only through a reduced vessel wall thick-
ness. Usually during the electrolytic process detectable

60

ride, titanium carbide or silicon carbide. This permits
a further reduction of the wall thickness as compared
with pots consisting of carbon, but without the employ-
ment of metallic. materials for formation of the pot.
Preferably the ceramic material is applied in finely
dispersed form with such energy as to produce adhe-
sion between the ceramic material and the inner sur-

~ face of the pot and consolidation 0f the ceramic mate-

rial.
A construction of electrolytlc cell embodymg the in-

‘vention will now be explained in more detail by way of
-example with reference to the accompanying drawing,

‘which shows a section through the cell.
The cathodically connected part of the alumlmum

| fusmn electrolysis cell consists of a pot 10 and a casing

63

11 surrounding the pot 10, while an insulating layer 12
is provided between the casing 11 and the pot 10 for
maintenance of a desired balance in the pot. On the

floor 17 of the pot 10 there collects a layer 14 of elec-

trolytically separated aluminium, on which floats the
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fused electrolyte consisting of fused cryolite in which
alumina is dissolved. At its surface, the fused electro-
Iyte 15 solidifies to a crust 18, which is covered with a
layer 16 of alumina intended for introduction into the
electrolyte 15 from time to time. For conduction of
electrical energy, anodes 13 extend into the electrolyte
15, penetrating the alumina and crust.

The base of the housing 11 is formed by a floor plate
20, which, according to whether the casing consists of
metal or concrete, can be made of the same matenal.
Cathodically connected current conductors 21, con-
sisting of a ferrous material, extend through the base
plate 20 and the nsulation 12, and are secured to the
pot 10.

In the embodiment shown in the drawing the pot 10
of rectangular shape is prepared from a heat-resistant
steel which still has an adequate mechanical rigidity at
the working temperature of the aluminium fusion elec-
trolysis cell of 1,000°C max. The wall thickness of the
pot 18 depends on the kind of steel employed, but
amounts to at least 5 mm, and reinforcing ribs 22 are
fitted on the outer face of the pot. With employment of
a metallic pot material, it is suitable to connect the cur-
rent conductor 21 directly to the floor 17 of the pot.

The outer face of the pot 10 is in contact with the po-

rous insulating layer 12, which for example can consist
of fire-clay blocks. This outer face is preferably coated
with a protective coating 23 for the purpose of supres-

sion of scaling effects. According to the tendency of the

metallic pot material to scaling, the protective coating 39

23 applied on the outer surface of the pot can consist
of an aluminium layer applied by means of flame spray-
ing with a layer of fire-proof cement on it, of iron
aluminite/chromium aluminite or nickel aluminite.

On its inner surface the vessel 10 carries the coating
24 according to the invention, which consists of a ce-
ramic material which 1s electrically conducting and in-
soluble with reference to the contents of the pot,
namely cryolite and aluminium. It is to be particularly
required of the ceramic material that, at the working
temperature of the aluminium fusion electrolysis cell of
1,000°C max., it still has electric conductivity as far as
possible unaffected, and the resistance to attack by the

contents of the pot is ensured, even when the pot is ca-

thodically connected. Materials suitable for the coating
24 include the carbides, nitrides, borides and silicides
of elements of the 4th to 6th groups of the periodic ta-
ble, and also silicon carbide, as well as their combina-
tions in intimate mixture and also in successive coat-
ings. Preferred are titanium boride (T1 B,), zirconium
boride (ZrB,) or eventually stlicon carbide (S1C), be-
cause these compounds have the least solubility in mol-
ten aluminium and cryolite. Preferably the thickness of
the coating amounts to at least 0.1 mm. The coating
thickness is determined from the electrical properties
of the material employed for formation of the coating,
the magnitude of the chemical and thermal actions on
the pot material and what residual porosity of the ap-
plied coating can be accepted. A coating thickness of
0.5 to 1.0 mm has appeared as suitable, because the
thickness ensures an electrical resistance which can be
disregarded, and a sufficient statistical pore closure for
protection of the material of the pot. During operation
the pot.undergoes deformations released by heat,
which the coating has to match for the purpose of re-
maining free of fracture. With a coating thickness in
the advantageous range, there forms a layer arranged
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adjacent to the pot material which, after the manner of
a buffer coating, equalises a differing movement behav-
1our of the pot and coating under thermal action.

During its operation an aluminium fusion electrolysis
cell continuously undergoes recurrent working opera-
tions. To enrich the cryolite with alummnium oxide a
crust tloating on the cryolite has to be broken through
by means of mechanical tools, to eliminate an anode
effect the melt has to be set in motion by a stirring tool,
the anodes have to be adjusted in the direction towards
the cathode to balance their burning away, and sepa-
rated aluminium has to be removed periodically from
the pot by means of a suction pipe. Thus for example
during the adjustment of the anodes fragments of
anode may fall into the pot contents. Additionally there
exists the possibility that, with unskilled handling of the
suction pipe the suction pipe mouth may knock against
the floor of the pot.

For protection against mechanical effects on the
coating 24, the floor 17 1s provided with a grating 235,
which consists of a material insoluble in fused alumin-
ium. Preferably the grating 25 is formed out of rows of
tile-like plates 26, the rows being spaced apart and ex-
tending parallel to one another along the floor 17. Thus
channels 27 arise between the rows of tile-like plates

26, the shape and dimensions. of which are so chosen
that a suction pipe mouth, large fragments from the an-

odes 13, and also parts of tools for servicing of the cell,

cannot knock against the floor 17 and thus cannot
cause destruction or damage to the coating 24. For
conduction of current, electrolytically separated alu-
minium is received in the channels 27. Between each
pair of tiles arranged successively, considered in the
longitudinal direction of the rows, an expansion gap is
provided for avoidance of thermal stresses between the
individual plates 26 and the pot 10 or the pot floor 17.

As material for the tile-like plates 26 there come into
consideration both electrically conducting and also
non-conducting materials, which are resistant to alu-
minium and tnert at a temperature of the separated alu-
minium, preferably with a safety margin upwards, and
have a greater specific gravity than the aluminium. Sin-
tered corundum or silicon carbide have proved them-
selves especially suitable.

The coating 24 on the inner surface of the pot 10 can
suitably be formed in that the ceramic material of the
coating is apphied in finely dispersed form with such en-
ergy as to produce adhesion between the material and
the inner surface of the pot 10 and consolidation of the
ceramic material.

The coating 24 can be formed by applying the ce-
ramic material to the inner surface with production of
adhesion, and thereafter consolidating the material, for
example by a sintering process. However, for coating of
a pot formed of carbon or of a ferrous matenal, it 1s
preferred to carry out the formation of the coating with
bonding of the material to the surface to be coated and
with simultaneous consolidation of the coating mate-
rial. Suitably an tonised gas stream, which can be pro-
duced in a plasma spray pistol, supplied the energy nec-
essary for this. The gas stream carries the coating mate-
rial in finely dispersed form, and the output of the
plasma generator or plasma burner is adjustable,
matching the material to be applied, so that matenal of
the coating 24 is applied molten, between tacky and

liquid.
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Accordmg to the kind of material to be applied, the

‘energy content of the ionised gas stream suitable for
formation of the coating can amount to up to 103
Kcal./kg gas. For the application of a coating of tita-
nium boride one would adjust the energy content of the
tonised gas stream to match the technological proper-
~ ties of the titanium boride and of the layer 24 to be pro-
duced in such a way that the energy for application and
for consolidation is optimal, but not so great that the
titanium boride, which has arrived at application well

10

melted, should vaporise before it has reached the sur- .

face of the pot 10 to be coated.

The construction of devices operatmg with plasma is
“such that no difficulties arise in applying materials for
formation of the coating 23 as mixtures or in mlxed
form.

For avoidance of oxide formations durmg the coellng
of the material of the coating 23 apphed in molten con-
dition, one advantageously works in a protective gas
atmosphere. Instead of a complete protective gas atmo-

15
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'reducmg gas, for example hydrogen, carbon monoxide
or argon. The total thickness of the coating 24 was ap-

plied in one pass without oxide inclusions. The height,
breadth and lenth of the tile-like plates amounted to 10

X 125 X 250 mm. Sintered corundum was employed as
material for the plates 26. The channels 27 had a clear
width of 25 mm. The msulatmg layer 12 consisted of

fire-clay blocks and the casing 11 was formed of steel
plates welded together |

EXAMPLE 2

' Another pot 10 was formed of a steel of composmon
Cr 20%, Ni 24%, remainder Fe, which 18 resistant to

“scaling up to 1,100°C. In this case an outer- scale-

resisting protective coating 23 was unnecessary. After
the sand-spray, a coating 0.1 mm thick of Ni—-

- Cr—B—3i alloy was applied with a welding pistol. This

20

sphere the ionised gas stream can be surrounded with

a protective sheath of inert or reducing gas, as for ex-

~ample hydrogen, carbon monoxide or argon, beneath

- which, upon progressive movement of the plasma spray
pistol, the applied material solidifies without formation
of oxides. This bell of gas is advantageously employed
dur:ng the coating of complete pots, while in the coat-
ing of individual carbon blocks an atmosphere sur-
rounding the block can also be used.

Preterably the coating thickness is formed in a single
pass of the ionised gas stream loaded with the material
over the surface to be coated. If the coating thickness
is produced in several passes, 1.€., coating operations,
then oxides could form on the surface of the individual
partial coating, which would hinder a bonding of the
next following coating with the underlying one.

With the help of an ionised gas stream not only can
the coating 23 be applied to the inner face of the vessel
10, but also the protective coating can be applied on
the outer face. For example if the protective coating 23
consists of a flame-sprayed aluminium coating bonded

235

30

335

40

with the metallic pot and covered with fire- -proof ce-

ment, then the coating can be applied with an ionised
gas stream by reason of the wide range of adjustabllrty

of the plasma generator.
Following are further details of particular examples
‘of materials:

 EXAMPLE 1

The pot 10 was made of a steel of composition ac-
cording to ASRM 347 (Mn 2%, Si 1%, Cr 17%, Ni
9-12%, Nb 1%, C O, 1% and remainder Fe). The pro-
tective coating 23 consisted of a flame-sprayed

aluminuium coating of 0.4 mm thickness, which was
covered with fire-proof cement. The inner surface of

43
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the pot 10 was throughly sand-sprayed with a corun-

dum sand of particle size 0.5 to 1.0 mm and directly
thereafter provided with the coating 24. The coating
consisted of titanium boride applied by means of an io-
nised gas stream and its thickness amounted to 0.5 mm.

- During application of the coating 24 the energy of the
onised gas stream was so adjusted that all titanium bo-
ride particles melted, and so that the inner surface of

the pot 10 was brought to a temperature which permit-

ted a bonding of the titanium boride with the pot mate-

60
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rial. The ionised gas stream loaded with titanium boride

~ was surrounded with a protectwe sheath of an inert or

coating served for improvement of the adheson of the
coating 24 on the pot walls and for equalisation of the

‘thermal stresses between the pot walls and the protec-
tive coating 24. The protective coating 24 consisted of

titanium carbide. The titanium carbide was supplied to
a plasma generator in powder form with a particle size
of 30 to 45 and was applied by means of the ionised gas

‘stream. To hinder a depletion of the carbon content of

the titantum carbide during the application process, the
part of the ionised gas stream loaded with titanium car-
bide powder and also the gas protective sheath must
consist of a earbomsmg gas, Le. C «Hy, C;H;OH. The
thickness of the coating 24 amounted to 0.4 mm. Apart
from this the pot was formed as.in Examp]e

- EXAMPLE 3

A further pot was formed of a steel of the composr-
tion Cr 21%, Ni 33%, (Al Ti S1Mn), 0.08% C, remain-
der Fe. As outer protective coating 23 there was ap-
plied a layer of iron aluminite chrome/aluminite, which
was produced by spraying of a 0.1 mm thick aluminium
coating on the outer side with subsequent reaction

" under influence of heat. The sand- sprayed inner sur-

face of the pot 10 was provided, by coating by means
of a plasma burner, with a 0.2 mm thick NiAl under
coating for resistance to diffusion and improvement of
ahesion. On this under coating there was further ap-

‘plied a combined coating of NbB,—TiB, of composi-

tion 20:80 by plasma spraying. By reason of a certain
solubility with respect to aluminium, the NbB, causes
a closing of the pores for formation of a diffusion bar-
rier. The remainder of the cell is formed as already €X-
plained in Example .

EXAMPLE 4

A pot was assembled of a steel of compesrtmn Cr
24%, Ni 20%, C 0,0. 6%, remainder Fe. The inner sur-
face of the pot 10, the wall thickness of which as of all
previously described ones amounted to at least 0.5 cm,
was provided with a diffusion resisting coating of NiAl.
Onto this coating was applied a 0.3 mm thick coating
of ZrN; by spraying of ZrN powder with a particle size
of 30 to 45 uby means of an ionised gas stream. As gas,
mtregen was used, while N H3 was supplied as surround-
ing protective gas. The remaining cell construction cor-
responded to Example 1.

As indicated earlier, the present invention is not lim-
ited to the employment of metallic pots, but aluminium -
fusion electrolysis cells can also be advantageously de-
veloped, the pots of which are formed of carbon with
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or without admixtures of ceramic materials. The cur-
rent conductors 21 are then embedded 1n the vessel
wall as in conventional cells. The pots may be moulded,
or built up of blocks.

For formation of pre-formed blocks intended for for- 5
mation of a vessel, consisting of carbon or of carbon
with titanium boride, titanium carbide or silicon car-
bide or their mixtures with carbon and provided with
the coating according to the invention, it can be advis-
able to let the necessary working operations and energy
expenditure for application, bonding of the coating ma-
terial to the pot material, and consolidation of the coat-
ing material follow one another.

The drawing shows a vessel 10 with a horizontally ex-
tending floor 17. This only shown by way of example.
The invention can also advantageously be employed in
cells the floor of which is inclined, and formed with a
collecting gutter for molten aluminium, either centrally
or at one side.

What we claim 1s:

1. A pot suitable for use as the cathode of an alumi-
num fusion electrolysis cell, comprising a heat insulat-
ing outer shell and, on the interior thereof, an inner
chamber having walls of electrically conductive mate-
rial, and an inner protective thin lining comprising
compacted interfused particles strongly adhering to the

inner surface of said chamber walls and adapted to be
in contact with the melt, said lining being composed of

a ceramic material which is electrically conductive and
insoluble in a melt of fused cryolite and in molten alu- 3¢
minum.

2. The pot according to claim 1, in which said walls
are of a metal resistant to the service temperature of
the cell.

3. The pot according to claim 2, in which said walls 35
are Cr-Ni1 steel.

4. The pot as claimed 1n claim 1, wherein said ce-
ramic material is selected from the group consisting of
borides, carbides, nitrides and silicides of a metal in the
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4th to 6th groups of the periodic system.

5. The pot according to claim 4, in which the ceramic
material 1s either titanium diboride or zirconium dibo-
ride.

6. The pot according to claim 1, in which the thick-
ness of the lining amounts to at least 0.1 mm.

7. The pot according to claim 6, in which the thick-
ness of the lining 1s between 0.5 and 1.0 mm.

8. The pot according to claim 1, further comprising
a grating of material insoluble in molten aluminum and
cryolite, supported on the floor of the chamber.

9. The pot according to claim 8, in which the grating
consists of rows of tile-like plates, the rows being space
apart and extending parallel to one another along the
floor.

10. The pot according to claim 9, in which the grating
consists of a ceramic material. |

11. The pot according to claim 10, in which the grat-
Ing consists of sintered corundum.

12. In a method of lining with ceramic material the
inner surface of the conductive inner chamber of a cell
pot adapted for use as the cathode of an aluminum fu-
sion electrolysis cell, the steps comprising

introducing said ceramic material in finely dispersed

form into a plasma high speed high temperature

stream, and

subsequently discharging said stream towards said
inner surface with sufficient energy to produce ad-

hesion between said ceramic material and said
inner surface of said inner chamber and consolida-
tion of said ceramic material.

13. The method as claimed in claim 12, wherein said
ceramic material is supplied in an ionized gas stream of
high energy content, and, by means of the energy exist-
ing in the gas stream, the ceramic material being dis-
charged in molten condition whereby the ceramic ma-
terial is bonded to said inner surface and simulita-

neously is consolidated.
K * * * £ S
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