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(37) Abstract: A method is provided for retrofitting conventional aluminum smelting cells (1) with inert anode assembhes (12)
which replace the consumable carbon anodes (2) of the cell (1). The inert anode assemblies (12) are pre-heated prior to introduction
into the operating cell. Insulation (18) may be installed for reducing heat loss during operation of the retrofit cells.
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METHOD OF CONVERTING HALL-HEROULT CELLS TO INERT ANODE
CELLS FOR ALUMINUM PRODUCTION

The present invention relates to electrolytic aluminum production
cells, and more particularly relates to a method of converting conventional cells
containing consumable anodes to cells containing inert anodes.

Existing aluminum smelting cells use consumable carbon anodes
which produce CO, and other gaseous by-products and must be frequently replaced.
Inert or non-consumable anodes may eliminate these concerns, but the
implementation of inert anodes provides other challenges such as controlling the
heat balance of the cell. Furthermore, there are thousands of existing conventional
cells, which would be cost-prohibitive to replace entirely. An effective procedure 1s
therefore needed to convert conventional Hall-Heroult cells to inert anode cells for
aluminum production.

Fig. 1 is a partially schematic side view of a conventional aluminum
production cell including conventional consumable carbon anodes.

Fig. 2 is a partially schematic side view of an aluminum production
cell retrofit with inert anode assemblies in accordance with an embodiment of the
present mvention.

Fig. 3 1s a side sectional view of an inert anode assembly mtended to
replace a conventional consumable carbon anode in accordance with an embodiment
of the present mvention.

Fig. 4 is a top view of the inert anode assembly of Fig. 3.

Fig. 5 is a partially schematic plan view of an aluminum production
cell including an array of inert anode assemblies which may be 1nstalled in
accordance with an embodiment of the present invention.

An aspect of the present invention 1s to provide a method of
retrofitting an aluminum smelting cell. The method includes the steps of removing
at least one consumable carbon anode from an operating cell, and replacing the at
least one consumable carbon anode with at least one inert anode. The mert anodes
may be preheated prior to installation, e.g., to a temperature approximating the bath
temperature of the cell. In one embodiment, the anode-cathode distance of the

consumable carbon anodes is increased before they are replaced. The inert anodes
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are then serially installed at an intermediate anode-cathode

distance.

Accordingly, the present invention provides a

method of retrofitting an aluminum smelting cell, the method
comprising: removing at least one consumable carbon anode
from an operating cell; and replacing the at least one
consumable carbon anode with at least one inert anode which
1s preheated at a ramp rate of 100 degrees C per hour or

less prior to installation in the cell.

These and other aspects of the present invention

wilill be more apparent from the following description.

Fig. 1 schematically illustrates a conventional
aluminum production cell 1 including consumable carbon
anodes 2 which may be replaced with inert anode assemblies
1n accordance with the present method. The cell 1 includes
a refractory material 3 supported by a steel shell. A
cathode 4 made of carbon or the like is located on the
refractory material 3. A current collector 5 is connected

g

to the cathode 4. During operation of the cell 1, molten

aluminum 6 forms on the surface of the cathode 4. The
consumable carbon anodes 2 are immersed in an electrolytic
bath 7 at a level defined by an anode-cathode distance ACD.

=

A frozen crust 8 of bath material typically forms around the

si1des of the cell 1.

Fi1g. 2 1llustrates an aluminum production cell 10

that has been retrofitted with inert anode assemblies 12 in

' and

accordance with an embodiment of the present method. The

inert anode assemblies 12 shown in Fig. 2 replace the
conventional consumable carbon anodes 2 shown in Fig. 1.

The 1nert anode assemblies 12 are immersed in the

electrolytic bath at a level defined by the anode-cathode
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dlistance ACD. Each carbon anode 2 may be replaced with a
single 1nert anode assembly 12, as illustrated in Figs. 1
and 2. Alternatively, the retrofit cell 10 may include more
or less 1nert anode assemblies 12 in comparison with the '

number of carbon anodes 2 used in the conventional cell 1.

As shown in Fig. 2, each 1nert anode assembly 12
which may replace a consumable carbon anode includes a
substantially horizontal array of inert anodes 14 positioned
below thermal insulation material 18. An inwardly extending
peripheral lip (not shown) may optionally be provided around
the upper edge of the cell 10 between the steel shell or
refractory material 3 and the inert anode assemblies 12 in

order to provide additional thermal insulation.

Figs. 3 and 4 illustrate an inert anode assembly

12 which may be installed in a cell in accordance with an

F

embodiment of the present invention. The assembly 12

includes a substantially horizontal array of inert anodes
14. In the embodiment shown in Figs. 3 and 4, eleven
staggered 1nert anodes 14 are used. However, any suitable-
number and arrangement of inert anodes may be used. As
shown 1in Fig. 3, each inert anode 14 is electrically and

mechanically fastened by a connector 16 to an insulating 1lid

18. The insulating 1lid 18 is connected to an electrically

conductive support member 20.

Any desired 1inert anode shape or size may be used.

For example, the substantially cylindrical cup-shaped inert

p—

anodes 14 shown 1in Figs. 3 and 4 may have diameters of from

about 5 to about 30 inches and heights of from about 5 to
about 15 inches. The composition of each inert anode 14 may

include any suitable metal, ceramic, cermet, etc. which
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possesses satisfactory corrosion resistance and stability
during the aluminum production process. For example, inert
anode compositions disclosed i1n U.S. Patent Nos. 4,374,050;
4,374,761, 4,399,008, 4,455,211, 4,582,585, 4,584,172, .
4,620,905, 5,794,112 and 5,865,980, and U.S. Patent
Application Serial No. 09/629,332 filed August 1, 2000, may
be suitable for use in the inert anodes 14. Particularly
preferred 1nert anode compositions comprise cermet materials

including an Fe-Ni-Zn oxide or Fe-Ni-Co oxide phase in

combination with a metal phase such as Cu and/or Ag. Each
inert anode 14 may comprise a uniform material throughout
1ts thickness, or may include a more corrosion resistant
material 1n the regions exposed to the electrolytic bath.
Hollow or cup-shaped inert anodes may be filled with
protectlive material, as shown in Fig. 3, in order to reduce
corrosion of the connectors and the interface between the

connectors and the inert anodes.

The connectors 16 may be made of any suitable
materials which provide sufficient electrical conductivity
and mechanical support for the inert anodes 14. For
example, each connector 16 may be made of Inconel.
Optionally, a highly conductive metal core such as copper
may be provided inside an Inconel sleeve. The connectors 16
may be attached to the inert anodes 14 by any suitable meahs
such as brazing, sintering and mechanical fastening. For
example, a connector comprising an Inconel sleeve and a
copper core may be attached to a cup-shaped inert anode by
filling the bottom of the inert anode with a mixture of
copper powder and small copper beads, followed by sintering
of the mixture to attach the copper core to the inside of
the anode. Each connector 16 may optionally include
separate components for providing mechanical support and

supplying electrical current to the inert anodes 14.

B an N B A R T g DTl gt atet
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In accordance with a preferred embodiment, insulation 1s used 1n
order to conserve a substantial portion of the heat presently lost from conventional
cells, while at the same time avoiding undesirable increases in total voltage. An
insulation package may be installed on top of the cell which can survive under
severe conditions. As shown in the embodiment of Fig. 3, the insulating lid 18 may
mechanically support and provide an electrical connection to each connector 16.
The insulating lid 18 preferably includes one or more thermal msulating layers of
any suitable composition(s). For example, a highly corrosion resistant refractory
insulating material may be provided on the exposed regions of the wsulating id 18,
while a material having higher thermal insulation properties may be provided in the
interior regions. The insulating lid 18 may also include an electrically conductive
metal plate which provides a current path from the conductive support member 20
to the connectors 16, as shown in Fig. 3. The conductive metal plate may be at
least partially covered with a thermally insulating and/or corrosion resistant material
(not shown). Although not shown in Fig. 3, electrically conductive elements such
as copper straps may optionally be provided between the conductive support
member 20 and connectors 16.

Fig. 5 illustrates the top of a cell 30 that has been retrofitted with
inert anode assemblies 12 in accordance with an embodiment ot the present
invention. The retrofitted cell 30 may consist of a conventional Hall-Heroult
design, with a cathode and insulating material 3 enclosed in a steel shell. Each
conventional carbon anode has been replaced by an inert anode assembly 12, and
otherwise attached to the bridge in the normal manner. The inert anode assemblies
12 may consist of a metallic distributor plate which distributes current to an array of
anodes through a metallic conductor pin attached at either end to the plate and
anode, as previously described in the embodiment of Figs. 3 and 4.

In the embodiment shown in Fig. 5, the retrofit cell 10 contains an
array of sixteen inert anode assemblies 12. Each assembly 12 replaces a single
consumable carbon anode of the cell. The inert anode assemblies 12 may each
include multiple inert anodes, e.g., as shown in Fig. 4. During the anode
replacement operation, the original consumable carbon anodes may be serially

replaced with an inert anode assembly 12. The cell 10 may be divided into sectors
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which contain multiple consumable carbon anodes. For example, the cell 10 of Fig.
5 may be divided into quadrants which each contain four consumable anodes. The
anodes in one quadrant may be replaced, followed by the anodes 1n another
quadrant, etc. Alternatively, the anodes may be replaced serially from one end of
the cell to an opposite end of the cell. As another example, the anodes may be
serially replaced from a central area of the cell toward outward areas of the cell.

A conversion procedure in accordance with the present mmvention 1s as
follows: serially replace all carbon anodes with inert anode assemblies in an
operating cell or pot; and replace any existing cover material with an anode cover
such as insulation packages and/or a mixture of alumina and crushed bath.
Optionally, the pot may be operated for a time period until the carbon level in the
bath is reduced to a minimum stable level, and the maitial set of the inert anode
assemblies may be replaced with a permanent set of inert anode assemblies. In this
embodiment, the initial set of inert anode assemblies may provide a transitional set
for other pot conversions.

The following step-by-step conversion process may be used:

(1) adjust alumma content of bath to 5.5 to 8.5 percent, preferably

6.2 to 6.8 percent, depending on ratio and temperature;

(2) increase anode-cathode distance of carbon anodes to compensate
for increased resistance of 1nert anodes;

(3) preheat mert anode assemblies to approximately cell temperature
in separate furnace with a ramp rate not exceeding 100 degrees C per hour;

(4) break crust around carbon anodes to be replacéd, and remove

anodes;

(5) clean out chunks of bath and anode pieces from open anode
position;

(6) remove equivalent inert anode from preheat furnace and quickly
install into vacant position in place of carbon anode;

(7) install insulated side and center covers corresponding to anode
position being replaced,;

(8) adjust height of equivalent inert anode assembly to produce

comparable current load as carbon anodes;
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(9) continue to replace carbon anodes with equivalent mnert anodes;

and

(10) operate cell normally and monitor carbon and carbide content of
bath.

To convert a Hall cell running on carbon anodes to one operating on
inert anodes it 1s desirable to change all the anodes within a short period of time,
e.g., 4-8 hours. If longer times are taken the carbon anodes in the cell can
adversely effect the inert anodes as they are being changed and make the useful life
of the inert anodes much shorter than their potential.

Inert anodes made of cermet materials may be prone to thermal shock
cracking. Therefore they should be preheated to approximately the operating
temperature of the pot before they can be exchanged with a carbon anode. A
preferred method for achieving a full pot change out of inert anodes 1s to convert an
existing pot at a location in the line close to the pot to be changed out mto a gas
fired furnace to preheat all the anodes at one time. The anodes could be supported
by the existing super-structure and the pot lining changed to provide a direct or
indirect heating of the anodes. For example, the energy system to be used may be a
gas baking system conventionally used in potrooms to preheat a completely relined
carbon pot prior to the introduction of the bath material and reconnecting it to the
bus work for current passage.

As a particular example, inert anodes positioned at the same anode-
cathode distance (ACD) as carbon anodes may require 0.60 V extra pot voltage due
to higher back emf of the inert anodes. This extra voltage does not provide heating
energy. To regain stability with carbon anode pots, an increase in ACD, e.g., of 18
mm (from 40 mm to 58 mm, pot volts from 4.50 V to 5.25 V) may be needed.

The following setting heights are based on finishing the anode changeover with mert
anode ACD’s at 58 mm. The pot volts and ACD can subsequently be decreased if
desired, depending on pot conditions. Just prior to anode changeover, the anode
bridge may be raised to increase the ACD and the pot voltage from 4.50 V to 5.50
V. The carbon anode ACD’s may be raised from 40 mm to 65 mm (a rule of
thumb is 25 mm = 1.00 V). On the first carbon anode for removal, reference marks

may be placed on the connector rod. The carbbn anode may then be removed and
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placed on anode setting gauging frame. Using a swing arm or other suitable device,
the distance from the anode bottom inay be measured. The first inert anode to be

installed in the cell may be set at a height, e.g., 8 mm, lower than the carbon anode
it replaces. The reason to set the inert anodes slightly lower than the carbon anodes
is to prevent the carbon anodes (lower back emf) from taking an extreme share of
the current as more and more inert anodes replace the remaining carbon anodes.
When all the inert anodes are set, the ACD’s will be approximately 58 mm, with a
pot voltage of 5.85 V. As pot conditions allow, voltages méy be reduced, e.g.,
from 5.85 V to 5.10 V (ACD’s decreased from 58 mm to 40 mm). Pot voltages
and ACD’s may further be adjusted as heat balance and stability permit.

During and after the anode replacement operation, suitable cell
operation parameters may be, for example, a bath height of 15 to 18 cm, a metal
height of 28 cm, a temperature of about 960 degrees C, an AlF, percentage of 9.0%,

and an alumina percentage of 6.2 to 6.8%.

In accordance with the present invention, inert anode assemblies may
be used to replace consumable carbon anodes in conventional aluminum production
cells with little or no modifications to the other components of the cell, such as the
cathode, refractory insulation or steel shell. It is desired to minimize the cost of the
retrofit by, e.g., not incurring added cost of furnaces and auxiliary equipment while
achieving a successful change out of the carbon anodes. In accordance with the
present invention, cell shutdown and the resultant loss of production are avoided. In
addition, rebuilding of the cell is avoided. The present invention provides several
advantages, including the capital savings achieved from avoidance of major
modifications or total replacement of existing cells.

Whereas particular embodiments of this imvention have been
described above for purposes of illustration, it will be evident to those skilled in the
art that numerous variations of the details of the present mnvention may be made

without departing from the invention as defined in the appended claims.
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CLAIMS:
1. A method of retrofitting an aluminum smelting

cell, the method comprising:

removing at least one consumable carbon anocde from

an operating cell; and

replacing the at least one consumable carbon anode

with at least one 1nert anode which 1s preheated at a ramp

pr——

rate of 100 degrees C per hour or less prior to 1nstallation

in the cell.

2 . The method of claim 1, wherein the at least one

inert anode 1s preheated to a temperature approximating a

r—

temperature of a molten bath i1n the cell.

3. The method of claim 1 or 2, wherein the at least

one consumable carbon anode 1s positioned at a first anode-

cathode distance, and the first anode-cathode distance 1is

increased to a second anode-cathode distance prior to

F

replacement of the at least one consumable carbon anode with

the at least one i1nert anode.

4 . The method of claim 3, wherein the second anode-
cathode distance 1s from about 10 to about 100 percent

greater than the first anode-cathode distance.

F

5. The method of claim 3, wherein the second anode-

cathode distance 1s from about 40 to about 80 percent

‘greater than the first anode-cathode distance.

6 . The method of claim 3, wherein the at least one
inert anode 1s installed 1n the cell at a third anode-

cathode distance, wherein the third anode-cathode distance
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1is between the first anode-cathode distance and the second

anOde-cathode distance.

7 . The method of claim 6, wherein the at least one
inert anode is subsequently lowered to a fourth anode-
cathode distance wherein the fourth anode-cathode distance

i1s less than the third anode-cathode distance.

8 . The method of any one of claims 1 to 7, wherein
the at least one consumable carbon anode is replaced with an
inert anode assembly comprising more than one of the inert

anodes.

9. The method of claim 8, wherein the inert anode
assembly further comprises at least one insulating material

above the inert anodes.

10. The method of any one of claims 1 to 10, wherein
the at least one consumable carbon anode comprises a
plurality of consumable carbon anodes and which plurality of
consumable carbon anodes are 1nitially contailned in the

cell.

11. The method of claim 10, wherein the consumable

carbon anodes are serlally replaced by the inert anodes.

12. The method of claim 11, wherein the cell comprises
sectors comprising multiple consumable carbon anodes, and
the consumable carbon anodes are serially replaced sector by

sector.

13. The method of claim 12, wherein the sectors

comprise quadrants of the cell.
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14 . The method of claim 11, wherein the consumable
carbon anodes are serlally replaced from one end of the cell

to an opposite end of the cell.

15. The method of claim 11, wherein the consumable
carbon anodes are serially replaced from a central area of

the cell toward outward areas of the cell.

16. The method of any one of claims 1 to 15, further
comprising increasing the temperature of the cell prior to

removal of the at least one consumable carbon anode.

17. The method of claim 16, wherein the temperature of

‘the cell is increased by about 5 to about 30 degrees C.

SMART & BIGGAR

OTTAWA, CANADA

PATENT AGENTS
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