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Internal cooling of electrolytic smelting cell

Field of the invention

This invention relates to an electrolytic cell for the production of aluminium and in

particular, to an apparatus and method for maintaining and controlling the heat flow

5 through the side wall of an electrolytic cell.
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Background of the invention

Electrolytic cells for the production of aluminium comprise an electrolytic tank having a
cathode and an anode generally made up of a plurality of prebaked carbon blocks.
Aluminium oxide is supplied to a cryolite bath in which the aluminium oxide is dissolved.
During the electrolytic processes, aluminium is produced at the cathode and forms a

molten aluminium [ayer on the bottom of the electrolytic tank with the cryolite bath

floating on the top of the aluminium layer. Oxygen is produced at the anodes causing
their consumption by producing carbon monoxide and carbon dioxide gas. The

operating temperature of the cryolite bath is normally in the range of 930°C to about
97Q°C.

The electrolytic tank consists of an outer steel shell having carbon cathode blocks sitting
on top of -a layer of insulation and refractory material along the bottom of the tank.
These carbon cathode blocks are connected to electrical bus bars by way of collector
bars and aluminium flexibles. While the preciée structure of the side walls varies, a

lining comprising a combination of carbon blocks and refractory material is provided
against the steel shell.

During operation of the electrolytic cell, a crust or ledge of frozen bath forms on the side
walls of the electrolytic tank. While the thickness of this layer may vary during operation
of the cell, the formation of this crust is critical to the operation of the cell. If the crust
becomes foo thick, it will affect the operation of the cell as the crust will grow on the
cathode and disturb the cathodic current distribution affecting the magnetic field. On the
other hand, if the frozen bath layer becomes too thin or is absent in.éome places, the
electrolytic bath will attack the side wall lining of the electrolytic tank, ultimately resulting
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in failure of the side wall lining. If the attack on the side wall lining gets to the extent of
the bath attacking the steel shell side walls, then the e!ectrolytic cell has to be shut

down due to the risk of metal and bath running out of the cell.

Thus controlled ledge formation is essential for g‘ood pot operation and Iong' lifetime of
the refractory Olining -within the cell. Furthermore,. controlling the thermodynamic
operation of the cell and in particular, the flow of heat from the bath through the side
wall lining is essential for controlled ledge formation within the cell.

In recent technology developments heat is removed from the cell through the steel shell
of the electrolytic tank using passive heat transfer devices such as radiating fins in an
attempt to increase the surface area available for heat transfer from the side walls of the
electrolytic tank. The heat needing to be removed from the electrolytic cell is dependent
upon the amount of current passing through the cell and the cell voltage. If there is an

increase in the current or voltage, then the heat which needs to be extracted through
the side wall to maintain an appropriate thickness of ledge formed on the innei" wall of

the refractory material will increase and can often vary beyond the design capabilities of
the passive cooling elements on the side of the electtolytic cell.

Accordingly, it is an object of the present invention to provfde a means by which the
thermodynamic requirements of an electrolytic cell can be actively controlled to enable

the formation and maintenance of a ledge on the inner surface of the side wall refractory
material. | |

Summary of the invention

According to one a'spect of the im{ention, there is provided an electrolytic cell for the
production of metal by electrolytic reduction of a metal bearing material (e.g. aluminium
oxide called alumina) dissolved in a molten salt bath, the cell including a shell, and 3
lining on the interior of the shell, the lining including a bottom cathode lining and a side
wall lining including a plurality of fluid ducts positioned against the interior surface of the
shell for conducting fluid there through, the fluid ducts extending along the sides of the
shell, and communicating with purﬁp means to flow fiuid through the fluid ducts.
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In the context of the invention, the side walls of the cell are the longitudinal side walls

- .and end walls of the cell.
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The applicant has found that by providing fluid ducts adjacent the inside shell surfjacé,
heat can be extracted from the cell at a sufficient rate to maintain the ledge of frozen
bath material at a sufficient thickness to protect the side wall refractories. During
operation of an electrolytic cell, the magnetic fields induced by the electric current cause
movement of the molten metal within the cell. This movement of molten metal creates
hotter regions within the cell, thereby increasing the heat transfér requirement in that
region to. maintain a sufficient thickness of frozen bath material against the 6ell side
walls. These molten metal currents may also lead to erosion of the frozen bath ridge
and thus expose the refractory side wall, unless sufficient heat is removed from the cell
in that region to maintain the thickness of the frozen ledge. |

Therefore in one preferred form of the invention, the cell is provided with at least two

- banks of cooling fluid ducts along each longitudinal side of the shell, each bank of

cooling tluid ducts cooling a fixed proportion of the cell. In one preferred form of the
invention, each bank of cooling ducts extracts heat from'approximately one half of each
longitudinal side of the cell. Each bank of cooling ducts also extends along at least a
portion of an end wall and joining the respective longitudinal side.

The "cooling fluid ducts discussed above are able to carry any fluid capable of
transferring the heat conducted through the refractory. While coolant liquids provide
scope ior greater heat conduction away from the cell, they also represent an increase in
the associated risk of using a liquid in proximity to molten metal and the cost of handling
systems for the liquid. Hence jt is preferable that the cooling fluid passing through the
fluid ducts ig a gas and preferably air. The pump means used to flow cooling fluid into
the cooling ducts may be an air blower or other type of gas pump. In the case of a fluid
any commonly available liquid pump may be used.

The direction of the molten metal currents within the cell is determined by the design of
the electrical busbars and the induced magnetic field. On the downstream side of the
cell, the molten metal is usually directed towards the middle of the longitudinal side.
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This causes the centre of the downstream longitudinal side to be hotter than the outer

 ends.

Accordingly, it is preferable that the cooling fiuid entering the cooling fluid ducts on the
downstream side enters via inlets substantially on or adjacent the centre region of the

5 cell which corresponds to the short axis of the cell and exits through outlets adjacent the
respective ends of the cell.

On the upstream side of the call, the induced currents in the molten metal deliver molien
metal away from the centre region of the cell. Accordingly on the upstream side of the
cell, the cooling fluid enters the cooling fluid ducts at inlets positioned adja‘cent the

10 respective ends of the cell and exits the fluid ducts at outlets substantially on or
adjacent the centre region of the Iongitudinal side of the cell.

In a preferred form of the invention, air heated after passing through the fluid ducts can

be heat gxchanged with the alumina or with fluidising gas transporting alumina to the
electrolytic cell. |

15 Brief description of the drawings

Figure 1(a) is a sectional view of an embodiment of a shell in accordance with the
invention;

Figure 1(b) is a perspective view of the side wall lining and cooling in the embodiment of
Figure 1(a);

20 Figure 1(c) is a perspective view of the internal fluid ducts of the embodiment of Figures
1(a) and 1(b);

Figure 2 and figure 3 are schematic views of two possible flow directions of fluid through
the fiuid ducts on the upstream and downstream side of a cell.
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Detailed description of the embodiments

it will be understood that the invention disclosed and defined in this specification
extends to' all alternative combinations of two.or more of the individual features

mentioned or evident from the text or drawings. All of these different combinations

5 constitute various alternative aspects of the invenfciqn.

In the sectional view of an electrolytic pot shown in Figure 1, the electrolytig cell

comprises a multitude of steel cradles 10 and a steel shell 12 as well as an internal
refractory lining comprising a_bottom insulating layer 14 and a sidewall li_ning 19 and 20.
Suitably the lining consists of a material which has the ability to resist corrosive attacks

10 from the electrolyte and the molten aluminium as well as having reasonably good

19
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properties with respect 1o thermal and electrical conductivity. The side lining comprises
a number of blocks which are formed from materials such as silicon carbide 19 and
carbonaceous materials 20. Resting on the bottom insulation is a cathode 22 connected
to a collector bar 24 which directs current away from the cathode.

In the embodiment shown in Figure 1(b) and 1(c), internal fluid ducts 26 are provided

extending horizontally along the side wall of the electrolytic cell. A paste of thermally

conducting material is provided between block 19 and fiuid. ducts 26 to provide good
thermal contact between the fiuid ducts and the sidewall block 19. Fiuid ducts 26 are
provided with fluid pipes 28, 29 and 48 which convey fluid to and from the fluid ducts 26
as shown in Figure 2. This fluid may be either liquid or gas. While liquids may be
attractive from a heat conduction view point, the'introductiqn of liquid into a high
temperature environment does represent a substantial increase in safety risk and
increases the likelihood of |iquids explosively coming info contact with liquid mefal.
Furthermore_ liguids will pose an electrical hazard as the electrolytic cell potentials will
be difficult to remain separated. Thus while there may be some benefits in using liquids,
a readily available gas such as air is preferred.

When operating an electrolytic cell, the intemal fluid ducts may be set to operate such
that the temberature of the sidelining surface 19 and 20 facing the interior of the -

electrolytic cell are slightly below the temperature of the moltgn electrolytic bath. Thus
due to the temperature difference created by the cooling effect of the fluid flowing
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through the mternal ﬂwd ducts 26 and the molten electrolytic bath, a solid stable ledge
forms on the mtenor of the side lining. This fedge assists in protecting the side lining

from the molten electrolytic bath and greatly increases the life of the side lining.

Figure 2 discloses an air pump 32 supplying inlet fluid pipes 28 and 29. These pipes
supply inlet manifolds 38 and 40 which are in fluid communication wsth the intemnal fluid
ducts 26, within the side lining of the cell on the inside of the pot shell 12. The inlet
manifolds 38, 40 are arranged towards the middle of the longitudinal side at
approximately ‘the short axis of the cell and direct the fluid entering the fluid ducts
towards the respective ends of the cell. The fluid passes around a section of the side
lining and is collected at outlet manifolds 42 and 44 in the ends of the cell. Manifolds 42
and 44 communicate with respective outlet fluid pipes 48 which are joined. together and |
are passed to a heat exchanger 50. In the heat exchanger, the heafed outlet air

transfers heat to a suitable medium such as fluidising air to the transport of alumina

feed for the slectrolytic cell. This transferred heat heats the feed alumina prior to
addition to the cell. In the arrangement shown in Figure 2, inlet manifolds 38, 40 are
shown directing cooling fluid fo the centre of the electrolytic cell and the fluid then
passes through the internal fluid ducts and exits at the respeqtive ends of the cell
through outlet manifolds 42, 44.

In the altemative fluid paths shown in Figure 3, the fluid cooling the upstream side of the
cell is supplied by inlet pipes 11 and 13 and enters through inlet manifolds arranged at .
the cell ends (43, 45) which direct the fluid towards outlet manifolds 51 at the centre
region of the cell 'upstream side. This centre region approximates the position of the
short axis of the cell. In the embodiment of Figure 3, the downstream side of the cell has
inlet manifolds at or about the centre region (38) of the cell which directs fluid through

- the internal fluid ducts to the outlet manifolds at respective ends of the cell (47, 49). The

hot air from the outlet manifolds 47, 49.and 51 is directed to the heat exchanger 51

. through the outlet fluid pipes 48.

While the invention has been illustrated with respect to a small number of fluid ducts 26

and inlets 38, 40, 43 and 45 it would be appreciated by those skilled in the art that any

number of fluid ducts and inlets could be used with their cross sections and po.sitions

along the side wall varied in order t<f3 accommodate the expected hot regions. along the
' |

)
'.
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side wall. To achieve optimum heat removal the application of the internal fluid ducts
should not be limited to the long sides of the cell but can also be implemented on the
short sides of the cell. It would also be possible to position the internal fluid ducts In a

vertical rather than horizontal direction.

5 [t would also be appreciated by those skilled in the art that by monitoring ihe
temperature of the gas, as it enters and leaves the fluid ducts 26, an indication of the
heat removed from the cell can be determined and the amount of heat removed
correlated to the thickness of the formed ridge. It would also be appreciated that by
continuing to monitor the increase in fluid temperature betv}.reen the inlet and outlet, an

10 indication as to potential problems relating to the thickness of the cell lining and the
health of the ledge can be determined. The fluid temperature and its trends can be used
as a process variable to adjust the volume of the fluid in the ducts by increasing or
lowering the speed of the air purﬁp or alternatively by controlling the fluid flow volume
through a seriés of dampers in the pipe system. |

15  Since al'l of the heat being removed through the side wall is predominantly through the
fluid conduits, less heat radiates from the outer surface of the pot shell 12. This provides

opporiunities to further control the heat balance out of the pot by providing insulation to
the outside of the pot shell. |

During the operation of electrolytic cells, there are occasions when the power sdpply to
20 the cells is disrupted temporarily. In order fo prevent the contents of the cells from
solidifying during these power disruptions, the pot shell may be provided with a layer of
insulation 52 which may be positioned against the outer surface of the pot shell in order
to retain the heat within the cell with the flow of the fluid being stopped during the power
supply disruption. Since the heat through the side wall lining is predominately removed
25 through the fluid ducts 26, this insulation may form a permanent fixture on the pot shell
- wall.
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CLAIMS

1. An electrolytic cell for the production of metal by electrolytic reduction of a
metal bearing material dissolved in a molten salt bath, the cell including a shell, and

a lining on the interior of the shell, the lining including a bottom cathode lining
and

a side wall lining including a plurality of fluid ducts positioned against the interior
surface of the shell for conducting fluid therethrough, each fluid duct extending along a

substantial portion of the longitudinal sides or end sides of the shell. and communicating
with a pump to flow fluid through the fluid ducts.

2. The electrolytic cell of claim 1 wherein the fluid ducts are provided with an
inlet and an outlet.

3. The electrolytic cell of claim 2 wherein the inlet is provided at a hotter
region of the electrolytic cell than the outlet.

4. The electrolytic cell of claim 1 wherein the fluid ducts are arranged in at
least two banks of ducts along each longitudinal side of the cell.

5. The electrolytic cell of claim 4 wherein each bank of ducts extends along a
portion of an end adjoining the respective longitudinal side.

6. The electrolytic cell of cIaim 4 wherein each bank of ducts includes more

than one fluid duct, each duct extending along either the longitudinal or end side of the
cell. |

/. The electrolytic cell of claim 1 wherein the cell is one cell in a cell pot line,

the cell having an upstream side and a downstream side relative to the overall flow of
current in the cell pot line.
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8. The electrolytic cell of claim 7 wherein the fluid ducts are provided with at
least one inlet and at least one outlet, with an inlet for the fluid ducts on the downstream
longitudinal side being provided substantially on or adjacent a center region of the cell,

and an outlet being provided on or adjacent the respective end of the cell.

9. The electrolytic cell of claim 7 or 8 wherein the ducts are provided with at
least one inlet and at least one outlet, with an inlet for the ducts on the upstream
longitudinal side being provided on or adjacent the respective ends of the cell, and an
outlet being provided on or adjacent a center region of the upstream longitudinal side of

the cell.

10.  The electrolytic cell of claim 2 wherein the fluid from the outlet of the fluid

duct is passed to a heat exchanger for heat exchange with metal bearing material feed

for the cell.

11. The electrolytic cell of claim 1 wherein each fluid duct is arranged parallel

to the bottom cathode lining.

12.  The electrolytic cell of claim 1 wherein at least one fluid duct extends

along at least one of the longitudinal sides from a location near one end side to a

location near another end side.

13.  The electrolytic cell of claim 12 wherein at least one fluid duct extends

along each longitudinal side from a location near one end side to a location near
another end side.

14.  The electrolytic cell of claim 12 further comprising at least one fluid duct
that extends along one end side.

15. The electrolytic cell of claim 12 further comprising at least one fluid duct

that extends along one end side from a location near one longitudinal side to a location
near another longitudinal side.



CA 02583785 2007-04-16
WO 2006/053372 PCT/AU2005/001617

1/3

70 T\ -.

QY IADILI) 3: -

R

. ¥y u ;
N S N 2 b R S 7
"; % ‘: orc q. g, 'q c? Svadpding /
: y Iy 8 . ':'jt 715 Y PP :a

R A R ,”ﬁﬁ : "'*7""2-:- ﬁ.\

.".3:.'4‘?:“’. Sddf i it :z;'”“- X ‘u\\. Yk .,".'j ' '“F \
+ - w - YO P )

TN N ;.; .

" =] 9

e

LA s RPN B

A .

A\ . | \\\X\\%\XB\S\?\\% /

NN

4
= - - - @




CA 02583785 2007-04-16
WO 2006/053372 PCT/AU2005/001617

2(3

FIGURE 3
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FIGURE 2
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