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Sammendrag:

An apparatus, also named transfer box or TB, for conveying an anode assembly outside of an electrolyte
cell is described. An apparatus, also named cell preheater lifting beam or CPLB, for conveying an anode
assembly or a cell pre-heater outside of an electrolyte cell is also disclosed. TB and CPLB are conjointly
used for starting up the electrolytic cell or for replacing a spent anode assembly while maintaining the
production of non-ferrous metal, such as aluminum or aluminium. The thermal insulation of the TB allows
maintaining the anode temperature homogeneity and preventing thermal shocks when introducing the
inert anodes into the hot electrolytic bath. TN and CPLB allow accurate positioning of anode assemblies or
cell-preheaters over the electrolysis cell before achieving mechanical and electrical connections of the
anode assembly or the cell pre-heater to the electrolysis cell. Several related methods for the operation of
an electrolytic cell are also disclosed.
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APPARATUS AND METHOD FOR OPERATING AN ELECTROLYTIC CELL

Technical field

[0001] The present disclosure generally relates to systems, apparatus and methods for
operating an electrolytic cell, such as the maintenance and replacement of anodes or cell pre-
heater of an electrolytic cell, more particularly, but not exclusively, for replacing stable /
inert anodes of electrolytic cells, such as for the production of metals, such as, but not limited

to aluminum.

Background

[0002] Aluminum metal, also called aluminium, is produced by electrolysis of alumina, also
known as aluminium oxide (IUPAC), in a molten electrolyte at about 750 — 1000°C
contained in a number of smelting cells. In the traditional Hall-Heroult process, the anodes
are made of carbon and are consumed during the electrolytic reaction. The anodes need to

be replaced after 3 to 4 weeks.

[0003] During experiments, it has been determined that the current systems and processes
for maintenance and replacement of anodes of an electrolytic cell are inadequate when inert
anodes are used instead of the traditional carbon anodes required in the Hall-Heroult process.

For example, CN 202081179 describes an anode heat preservation conveying device.

[0004] Also, electrolytic cells working with inert anodes need to be pre-heated, typically
using a cell pre-heater. The cell pre-heater has to be inserted in the cell before heating the

cell and then removed from the cell before introducing pre-heated anodes in the cell.

[0005] The present disclosure at least partly addresses the identified shortcomings when

inert anodes are used.

Summary
[0006] According to a first aspect of the present disclosure, the disclosure is directed to an

apparatus for conveying an anode assembly outside of an electrolyte cell. The anode
assembly comprises a plurality of anodes, preferably vertical inert anodes. The apparatus
comprises: a supporting structure, defining an interior space; an actuator assembly coupled
with the supporting structure and configured to support the anode assembly, the actuator

assembly being operable to move the anode assembly between: an insulated position wherein
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the anode assembly is positioned in the interior space of the supporting structure; and a
loading-unloading position wherein the anode assembly is outside the supporting structure
for loading the anode assembly to the actuator assembly or unloading the anode assembly
from the actuator assembly; and a thermic system comprising a thermal shelter assembly
supported by the supporting structure and configured for maintaining a temperature of the

anode assembly when the anode assembly is in the interior space.

[0007] According to a preferred embodiment of the present disclosure, the actuator assembly
further comprises an electrical insulating system for electrically isolating the anode assembly

from the actuator assembly.

[0008] According to a preferred embodiment of the present disclosure, the supporting
structure defines an open bottom in communication with the interior space, the apparatus
further comprising: a door assembly moveably coupled to the supporting structure and
operable between an open position to permit movement of the anode assembly between the
insulated position and the loading-unloading position, and a closed position where the door

assembly closes the open bottom of the supporting structure.

[0009] According to a preferred embodiment of the present disclosure, the actuator assembly
comprises a handling horizontal beam configured to removably connect to the anode

assembly and to vertically move the anode assembly inside the interior space.

[0010] According to a preferred embodiment of the present disclosure, the actuator assembly
comprises a first motor and a second motor supported by the supporting structure, each motor
being respectively coupled to a moving element arranged at opposite longitudinal ends of
the handling beam along which the handling beam is vertically raised and lowered.
Preferably, the moving element comprises a threaded rod or a chain activated by the motor

for raising or lowering the handling beam.

[0011] According to a preferred embodiment of the present disclosure, the actuator assembly
comprises a failsafe hanging device for removably engaging and supporting the anode
assembly. Preferably, the failsafe hanging device engages into a corresponding handling pin

of the anode assembly upon lowering of the actuator assembly onto the anode assembly.

[0012] According to a preferred embodiment of the present disclosure, the thermic system
comprises several thermal shelters extending from an inner surface of the supporting
structure for interfacing with corresponding surfaces of the plurality of inert anodes when

the anode assembly is in the interior space.



DK 182058 B1
3

[0013] According to a preferred embodiment of the present disclosure, the thermal shelters

may comprise refractory linings.

[0014] According to a preferred embodiment of the present disclosure, the apparatus further
comprises an electrical heater module for heating the inert anodes when the anode assembly

is in the interior space.

[0015] According to a preferred embodiment of the present disclosure, the supporting
structure is configured to permit ventilation of an upper zone of the anode assembly to
maintain the upper zone at a lower temperature than a lower hot zone containing the plurality

of inert anodes.

[0016] According to a preferred embodiment of the present disclosure, the apparatus further
comprises guiding pins which register with a structure of the electrolyte cell for facilitating

operative installation of the anode assembly thereinto.

[0017] According to a preferred embodiment of the present disclosure, the apparatus may
further comprise a first electrical isolating element between the guiding pins and the

supporting structure.

[0018] According to a preferred embodiment of the present disclosure, the actuator assembly
further comprises an automated connection assembly to electrically connect the anode
assembly to the electrolyte cell. Preferably, the automated connection assembly comprises a

pneumatic wrench and a synchronized bolting system.

[0019] According to a preferred embodiment of the present disclosure, the apparatus may
further comprise a second electrical isolating element between the automated connection

assembly and the supporting structure.

[0020] According to a preferred embodiment of the present disclosure, the apparatus may
further comprise a third electrical isolating element on a top portion of the actuator assembly.
According to a preferred embodiment, the supporting structure comprises an attaching
element on a top portion which is configured to be mechanically attached to an overhead

crane for transporting or conveying the apparatus.

[0021] According to a preferred embodiment of the present disclosure, the apparatus may
further comprise a fourth electrical isolating element for isolating the apparatus from the

overhead crane.

[0022] According to yet another aspect of the present disclosure, the disclosure is directed
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to a method for delivering an anode assembly of inert anodes at a given temperature to an

electrolytic cell for use in producing a non-ferrous metal, comprising:

preheating the inert anodes of the anode assembly at the given temperature, the anode
assembly being located outside the electrolytic cell;

transporting the anode assembly toward the electrolytic cell within a transport box
comprising a thermal shelter assembly configured for maintaining the given temperature of
the pre-heated inert anodes; and

plunging the pre-heated inert anodes of the anode assembly into a bath of molten

electrolyte of the electrolytic cell.

[0023] According to a preferred embodiment of the present disclosure, a) preheating the
inert anodes of the anode assembly is performed into a preconditioning station located at a
distance from the electrolytic cell. The method preferably further comprises before b),
removing the anode assembly from the preconditioning station while enclosing the anode
assembly inside an insulating transportation apparatus configured to convey the anode
assembly toward the electrolytic cell while maintaining the given temperatures of the inert

anodes within a predetermined tolerance range.

[0024] According to a preferred embodiment of the present disclosure, removing the anode
assembly from the preconditioning station and enclosing the anode assembly in the

insulating transportation apparatus comprises:

positioning the insulating transportation apparatus over the anode assembly located
in the anode preconditioner;

lowering an actuator assembly from an interior space of the insulating transportation
apparatus to the anode assembly;

connecting the anode assembly to the actuator assembly; and

raising the actuator assembly with the anode assembly connected thereto from the
anode assembly preconditioner and into an interior space of the insulating transportation

apparatus.

[0025] According to a preferred embodiment of the present disclosure, ¢) plunging the pre-
heated inert anodes of the anode assembly into a bath of molten electrolyte of the electrolytic

cell comprises:

positioning the insulating transportation apparatus over the electrolytic cell;
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lowering the actuator assembly and the anode assembly from the insulating
transportation apparatus into the electrolytic cell until the pre-heated inert anodes are
plunged inside the bath of molten electrolyte;

mechanically connecting the anode assembly to the electrolyte cell;

electrically connecting the inert anodes of the anode assembly to the electrolyte cell,
and

releasing the anode assembly from the actuator assembly.

[0026] According to a preferred embodiment of the present disclosure, lowering the anode
assembly into the bath comprises registering guiding pins of the insulating transportation
apparatus to respective receiving apertures of the electrolytic cell before lowering the anode

assembly into the electrolytic cell.

[0027] According to a preferred embodiment of the present disclosure, connecting the inert
anodes of the anode assembly to the electrolyte cell comprises mechanically bolting a
flexible portion of the anode assembly onto an anodic equipotential bar of the electrolyte

cell.

[0028] According to a preferred embodiment of the present disclosure, an actuator assembly
is coupled to a supporting structure of the insulating transportation apparatus, the actuator
assembly comprising a handling beam configured to support the anode assembly and
vertically move the anode assembly, wherein releasing the anode assembly from the
insulating transportation apparatus comprises releasing the anode assembly from the

handling beam, the method then further comprising:

subsequent to releasing the anode assembly from the handling beam, raising the
handling beam into the supporting structure of the insulating transportation apparatus; and

withdrawing the insulated transportation apparatus away from the electrolytic cell.

[0029] According to a preferred embodiment of the present disclosure, the insulating
transportation apparatus comprises a door assembly for thermally isolating an opening
through which the anode assembly enters into and exits from the insulating transportation

apparatus, the method further comprising:

when removing the anode assembly from the anode preconditioning station and
enclosing the anode assembly in the insulating transportation apparatus:

actuating the door assembly into an open position;
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raising the anode assembly into an interior space of the insulated transportation
apparatus; and

closing the door assembly; and
when installing the anode assembly at the electrolytic cell:

actuating the door assembly into the open position; and

lowering the anode assembly from the interior space of the insulating transportation

apparatus into the electrolytic cell.

[0030] According to another aspect of the present disclosure, the disclosure is directed to a
method for starting up an electrolytic cell for producing a non-ferrous metal, the electrolytic
cell being configured to contain a number N of anode assemblies, with N > 1. The method

comprises:
a) installing N cell preheaters in the cell in place of the N anode-assemblies;

b) preheating the cell with the N cell preheaters until to reach a given temperature in

the cell;
¢) pouring a melted electrolytic bath into the cell, with an amount of melted metal,
d) removing a first cell-preheater from the cell;

e) inserting a pre-heated anode assembly in place of the removed cell preheater using
an apparatus for conveying an anode assembly outside of an electrolyte cell as defined
herein, or according to the method for delivering an anode assembly of inert anodes at a
given temperature to an electrolytic cell for use in producing a non-ferrous metal as defined

herein, and

f) repeating (N-1) times steps d) and e) until that all the cell pre-heaters are replaced

by pre-heated anode assemblies.

[0031] According to another aspect of the present disclosure, the disclosure is further
directed to a method for the replacement of a spent anode assembly of an electrolytic cell
during the production a non-ferrous metal, the cell comprising N anode assemblies, with N

> 1, plunged into a melted electrolytic bath at a given temperature. The method comprises:
a) removing the spent anode assembly from the cell;

b) right after step a), inserting a new anode assembly, pre-heated at the given
temperature, in place of the removed spent anode assembly using an apparatus for conveying

an anode assembly outside of an electrolyte cell as defined herein, or according to the method
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for delivering an anode assembly of inert anodes at a given temperature to an electrolytic

cell as defined herein,;

wherein steps a) and b) are performed while the cell is producing the non-ferrous

metal, and

wherein steps a) and b) are repeated for each spent anode assembly of the cell to be

replaced.

[0032] According to a preferred embodiment of the present disclosure, the non-ferrous metal

is aluminum, and the N anode assemblies comprises a plurality of inert anodes.

[0033] According to a preferred embodiment of the present disclosure, the inert anodes are

vertical inert anodes.

[0034] The present disclosure is compatible with the inert anode cell and anode assembly
configuration and it solves the issue of thermal shock. Advantageously, the thermal
insulation of the transfer box allows maintaining the anode temperature homogeneity and

preventing the thermal shock when introducing the inert anodes into the hot electrolytic bath.

Brief description of the drawings

[0035] Further features and exemplary advantages of the present disclosure will become
apparent from the following detailed description, taken in conjunction with the appended

drawings, in which:

[0036] Figure 1 is a schematic view of an anode assembly in accordance with a preferred

embodiment of the present disclosure;

[0037] Figure 2 illustrates the transfer (B) of the anode assembly from a preconditioning
station (A) to the electrolytic cell (C), in accordance with a preferred embodiment of the

present disclosure;

[0038] Figure 3 is a schematic open view of a transfer box in accordance with a preferred
embodiment of the present disclosure with (A) the handling beam in its insulated position

and (B) the handling beam in its loading-unloading position;

[0039] Figure 4 is a schematic view of the transfer box in its insulated position in accordance
with a preferred embodiment of the present disclosure showing (A) the anode assembly
behind the thermal shelter assembly, and (B) the anode assembly affixed to the handling

beam inside the transfer box;
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[0040] Figure 5 is a schematic view of the transfer box in accordance with a preferred
embodiment of the present disclosure showing: (A) the transfer box in its loading-unloading
position with the anode assembly below the thermal shelter assembly, and (B) a lateral view

of the same with the door assembly in its open position;

[0041] Figure 6 is a schematic view of the transfer box in accordance with a preferred
embodiment of the present disclosure with the handling beam in its insulated position and
showing the different mechanisms for moving up and down the handling beam, for

clamping/releasing the anode assembly and for tightening the electrical connection;

[0042] Figure 6B illustrates different positions of electrical isolating elements of the transfer

box in accordance with preferred embodiments of the present disclosure;

[0043] Figure 7 illustrates details of the automatic connections of the transfer box or
apparatus with the electrolytic cell in accordance with a preferred embodiment of the present

disclosure;

[0044] Figure 8 illustrates the different steps for loading the pre-heated anode assembly into
the transfer box from the preconditioning station in views (A) to (C), and for unloading the
anode assembly from the transfer box into the electrolytic cell, view (D), in accordance with

preferred embodiments of the present disclosure;

[0045] Figure 9 illustrates different view of the transfer box and the preconditioning station:
when an anode assembly is loaded into the transfer box front view (A) and side view (B),
and the crane raising up the transfer box, front view (C), in accordance with preferred

embodiments of the present disclosure;

[0046] Figure 10 illustrates the unloading of the anode assembly from the transfer box into
the electrolytic cell: side view (A) and front view (B) in accordance with preferred

embodiments of the present disclosure;

[0047] Figure 11 illustrates the removal of the transfer box once the anode assembly has
been loaded into the electrolytic cell: side view (A) and front view (B), in accordance with

preferred embodiments of the present disclosure;

[0048] Figures 12 is a flowchart for illustrating a method an anode assembly of inert anodes
at a given temperature to an electrolytic cell for use in producing a non-ferrous metal

according to preferred embodiments of the present disclosure;

[0049] Figures 13 is a flowchart for illustrating the method according to a first preferred
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[0050] Figures 14 is a flowchart for illustrating the method according to a second preferred

embodiments of the present disclosure;

[0051] Figures 15 are flowchart for illustrating the method according to a third preferred

embodiments of the present disclosure;

[0052] Figures 16 is a flowchart for illustrating the method according to a fourth preferred

embodiments of the present disclosure;

[0053] Figure 17 is a schematic view of a cell preheater (CP) in accordance with a preferred

embodiment of the present disclosure;

[0054] Figure 18 illustrates the transfer of a spent anode assembly (SAA) from the
electrolytic cell (left) to a chariot for maintenance (right), in accordance with a preferred

embodiment of the present disclosure;

[0055] Figure 19 illustrates the transfer of a cell preheater (CP) from the electrolytic cell
(left) to a chariot (right), in accordance with a preferred embodiment of the present

disclosure;

[0056] Figure 20 is a schematic open view of an apparatus for conveying an anode assembly
or a cell pre-heater outside of an electrolyte cell, also named herein CPLB, in accordance
with a preferred embodiment of the present disclosure with (left) the handling beam in its

insulated position and (right) the handling beam in its loading-unloading position;

[0057] Figure 21 is a schematic view of the CPLB in its insulated position in accordance
with a preferred embodiment of the present disclosure, with a CP affixed to the handling

beam inside the CPLB,;

[0058] Figure 22 is a schematic view of the CPLB in its insulated position in accordance
with a preferred embodiment of the present disclosure, with a SAA affixed to the handling
beam inside the CPLB,;

[0059] Figure 23 is a schematic view of the CPLB in accordance with a preferred
embodiment of the present disclosure showing: (left) the CPLB in its loading-unloading

position with a SAA attached to the handling beam, and (right) a lateral view of the same;

[0060] Figure 24 is a schematic view of the CPLB in accordance with a preferred

embodiment of the present disclosure showing: (left) the CPLB in its loading-unloading
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position with a CP attached to the handling beam, and (right) a lateral view of the same;

[0061] Figure 25 is a schematic open view of the CPLB in accordance with a preferred
embodiment of the present disclosure with the handling beam in its insulated position

supporting a SAA,;

[0062] Figure 26 is a schematic open view of the CPLB in accordance with a preferred
embodiment of the present disclosure with the handling beam in its insulated position

supporting a CP;

[0063] Figure 27 is a schematic open view of the CPLB supporting a CP over an electrolytic
cell with (A) and (B) showing details of a pair of automatic connections of the CPLB with

the electrolytic cell in accordance with a preferred embodiment of the present disclosure;

[0064] Figure 28 is a schematic open view of the CPLB supporting a SAA over an
electrolytic cell with (A) details of one automatic connection of the CPLB with the

electrolytic cell in accordance with a preferred embodiment of the present disclosure;

[0065] Figure 29 illustrates the first step of approaching a CPLB over a chariot containing a
CP in accordance with preferred embodiments of the present disclosure, (left) front view,

(right) side view;

[0066] Figure 30 illustrates the second step of connecting the CPLB to the CP in the chariot
in accordance with preferred embodiments of the present disclosure, (left) front view, (right)

side view;

[0067] Figure 31 illustrates the third step of raising the CPLB and the CP from the chariot
in accordance with preferred embodiments of the present disclosure, (left) front view, (right)

side view;

[0068] Figure 32 illustrates the fourth step of lowering the CP from the CPLB positioned
over the electrolytic cell with preferred embodiments of the present disclosure, (left) front

view, (right) side view;

[0069] Figure 33 illustrates the first step of removing a CP from an electrolytic cell, once
the cell has been heated by the CP, in which the CPLB is positioned over the electrolytic
cell containing the CP in accordance with preferred embodiments of the present disclosure,

(left) front view, (right) side view;

[0070] Figure 34 illustrates the second step of removing the CP from the heated electrolytic
cell, in which the handling beam of the CPLB is lowered before connecting with the CP, in
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accordance with preferred embodiments of the present disclosure, (left) front view, (right)

side view;

[0071] Figure 35 illustrates the third step of raising the CPLB and the CP from the
electrolytic cell in accordance with preferred embodiments of the present disclosure, (left)

front view, (right) side view;

[0072] Figure 36 illustrates the fourth step of lowering and unloading the CP from the CPLB
positioned over a chariot in accordance with preferred embodiments of the present

disclosure, (left) front view, (right) side view;

[0073] Figure 37 illustrates the first step of removing a SAA from an electrolytic cell, in
which the CPLB is positioned over the electrolytic cell containing the SAA in accordance

with preferred embodiments of the present disclosure, (left) front view, (right) side view;

[0074] Figure 38 illustrates the second step of removing the SAA from the electrolytic cell,
in which the handling beam of the CPLB is lowered before connecting with the SAA, in
accordance with preferred embodiments of the present disclosure, (left) front view, (right)

side view;

[0075] Figure 39 illustrates the third step of raising the CPLB and the SAA from the
electrolytic cell in accordance with preferred embodiments of the present disclosure, (left)

front view, (right) side view;

[0076] Figure 40 illustrates the fourth step of positioning the CPLB containing the SAA over
a chariot before lowering and unloading the SAA into the chariot in accordance with

preferred embodiments of the present disclosure, (left) front view, (right) side view;

[0077] Figure 41 illustrates different positions of electrical isolating elements of the CPLB

in accordance with preferred embodiments of the present disclosure;

[0078] Figure 42 is a flowchart for illustrating a method for starting up an electrolytic cell
for producing a non-ferrous metal according to preferred embodiments of the present

disclosure; and

[0079] Figure 43 is a flowchart for illustrating a method for the replacement of a spent anode
assembly of an electrolytic cell during the production a non-ferrous metal, according to

preferred embodiments of the present disclosure.

DETAILED DESCRIPTION
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The Transfer Box (TB):

[0080] A carbon anode is resistant to the thermal shock occurring when the cold anode is
introduced into the hot molten electrolyte and therefore no specific precaution needs to be
taken neither to preheat nor to avoid a temperature difference between the new anode and

the electrolytic bath.

[0081] Inert anodes are typically made of stable composites that are sensitive to thermal
shocks. Because of development of new or improved smelting processes using stable
composite anodes, new systems, apparatuses and methods are required for the maintenance

and replacement of the anode assemblies of smelting cells.

[0082] In an inert anode process, the anodes are made of a composite material. As illustrated
on Figures 1 and 2, an anode assembly 10 is comprised of a horizontal beam 12, including a
flexible anode assembly 11, from which an assembly of individual anodes 14 are suspended.
The anode assembly 10 is generally handled by an overhead crane 30 (as shown in Figures
8-11) to be typically positioned transversally to an electrolytic cell 40 (as shown on Figures

10-11).

[0083] As illustrated on Figure 2, the anode assembly (AA) 10 is first positioned into an
anode preconditioning station 20 where the AA is preferably homogeneously preheated to a
predetermined temperature close to the temperature of the molten electrolyte bath 42 of the
electrolytic cell 40. The subsequent transport of the anode assembly 10 from the anode
preconditioning station 20 to the cell 40 is preferably performed in such a way that the
temperature of the inert anodes 14 and the temperature homogeneity are maintained.
Preferably, temperature of the inert anodes in the anode assembly (AA) when the inert
anodes are plunged in the electrolyte bath is plus or minus 25°C from the bath temperature
(predetermined tolerance range). The temperature loss within the transfer box is less than
10°C per hour. For this purpose, it has been developed a novel apparatus 100 for conveying
an anode assembly of inert anodes while maintaining the temperature of the pre-heated inert
anodes before plunging the inert anodes of the anode assembly into a bath of molten

electrolytes of an electrolytic cell.

[0084] The apparatus 100, as disclosed and illustrated on Figures 3 to 7, also named herein
after the “transfer box” or TB, first comprises a supporting structure 110 typically made of
assembled metallic plate elements. The apparatus 100 defines an interior space 112

configured to contain the anode assembly 10.
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[0085] As illustrated in Figures 3-8, the transfer box 100 comprises an actuator assembly
120 coupled with the supporting structure 110 and comprising an handling beam 122
configured to support the anode assembly 10. The actuator assembly 120 is operable to move
the handling beam 122 relative to the supporting structure between an insulated position
(Figs. 3A-4A) for maintaining the anode assembly 10 inside the interior space 112 of the
supporting structure; and a loading-unloading position outside the interior space 112 for

loading and unloading of the anode assembly onto the handling beam 122 (Figs. 3B-4B).

[0086] As better illustrated on Figure 5(B), the supporting structure 110 comprises an open
bottom 114 in communication with the interior space 112, and a door assembly 116 (Fig.
5B), operatively coupled to the supporting structure 110 to be moveable between an open
position and a closed position to permit movement of the anode assembly 10 in and out of
the transfer box 100. The door assembly 116 closes the open bottom 114 of the supporting

structure 110 when the anode assembly 10 is inside the transfer box 10.

[0087] The supporting structure 110 is configured to move to an open state (See Fig. 5) when
the handling beam 122 is moved from the insulated position to the loading-unloading
position, and to move to a closed state (See Fig. 6) when the handling beam 122 is moved

from the loading-unloading position to the insulated position.

[0088] In a traditional Hall-Heroult cell, an anode assembly typically comprises a vertical
stem which is rodded in the carbon anode and is handled by an overhead crane which
positions the new anodes against the cell anodic frame (centered on the longitudinal axis of
the cell) and connects the anode to the frame (mechanical and electrical connection) via a
connector that is activated by the crane. The lateral positioning of the anode assembly is
achieved by inserting the stem between two guides bolted to the anodic frame. The vertical
positioning is achieved by the movement of the anodic mast of the overhead crane from
which the anode assembly is suspended. The vertical positioning of the new anode assembly
is critical for the performance of the cell since the anode and cathode active faces are

horizontal.

[0089] In the case of the inert anode cell, it has to be understood that a high positioning
accuracy 1s necessary in the longitudinal vertical direction (z axis) and transversal directions
(x and y axis) to ensure the correct anode/cathode distance since the anode and cathode active
faces are vertical. The vertical positioning is typically achieved by the movement of the hoist

of the overhead crane 30 from which the transfer box 100 is suspended. The electrical
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connection is typically realized by bolting the anode assembly flexible 11 onto the anodic
equipotential bar that is longitudinal to the cell. As illustrated on Figures 3 to 6, the actuator
assembly 120 allows moving the handling beam 122 (z axis) between the insulated position
and the loading-unloading position while preventing horizontal tilting of the anode
assembly. The actuator assembly 120 may comprise a first motor 124 and a second motor
126, each being respectively coupled to a corresponding threaded rod 125-127 arranged at
opposite longitudinal ends of the handling beam 122 along which the (Figs. 3A-4A) beam is
raised and lowered. The two lifting motors 124-126, which are preferably coupled so as to
allow lowering the anode assembly in perfect horizontal way through and to ensure that the

horizontal beam 12 of the anode assembly 10 may engage freely its positioning pins.

[0090] As illustrated on Figure 6, the handling beam 122 may comprise at least one failsafe
hanging device 130 for affixing to and supporting the anode assembly. The failsafe hanging
device 130 engages into a corresponding handling pin 132 of the anode assembly upon
lowering of the handling beam onto the anode assembly. The failsafe device is preferably a
semi-automatic failsafe devices that engage into the anode assembly handling pins upon
lowering onto the anode assembly, lowering as such the risk of dropping an anode assembly
through. The failsafe devices 130 can only disengage when the anode assembly is resting

onto the superstructure 44 of the electrolytic cell 40.

[0091] As illustrated on Figures 4 to 6, the apparatus 100 may also comprise a thermal
shelter assembly 140 extending from an interior surface of the supporting structure 110 for
facing the inert anodes of the anode assembly, and operative to insulate the anode assembly
10 on a plurality of sides when the anode assembly is in the interior space 112. The thermal
shelter assembly 140 may comprise several thermal panels 142 arranged vertically and
horizontally within the supporting structure for interfacing with corresponding vertical
surfaces of the inert anodes 14 when the anode assembly 10 is in the interior space 112. For
instance, the thermal shelter assembly may comprise refractory lining 144. Also, thermal
shelter assembly may be equipped with an heater system, such as electric heaters, for heating
or maintaining the temperature of the pre-heated inert anodes when the anode assembly is in

the interior space.

[0092] Figure 6 shows the inert anodes 14 of the anode assembly 10 enclosed by the thermal
panels 142 of the thermal shelter 140 and the bottom doors 116 also equipped with thermal
lining 144. The supporting structure 110 then defines a low hot zone 146 comprising the
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inert anodes 14 and in which the temperature of the inert anodes 14 is maintained during the
transportation of the apparatus 100 toward the cell (see Figures 2 or 9). The insulating
structure 100 is also configured to permit ventilation of an upper cool zone 148 located inside
the interior space 112 above the anode assembly 10 and the lower hot zone 144, to maintain
the upper cool zone 148 at a temperature lower than the hot zone. For instance, when the
temperature inside the lower hot zone is about 900 °C, the temperature in the upper cool

zone can be around 150 °C.

[0093] Figure 6B illustrates the different positions of electrical isolating elements 151-154
of the transfer box 100. In particular, a first electrical isolating element 151 can be positioned
between the supporting structure 110 and the guiding pins 118, a second electrical isolating
element 152 on a top portion of the actuator assembly 120, a third electrical isolating element
153 between the automatic connection assembly 134 and the supporting structure 110, and
also eventually a fourth electrical isolating element 154 for isolating the transfer box 100
from the crane, for instance in collaboration with an handling hook 160 at the top section of

the box. This fourth element 154 can be also part of the main supporting bridge or crane 30.

[0094] As shown on Figures 6-8, in order to guarantee the vertical (z axis) and transversal
(x, y axis) alignment of the anode assembly with the cell 40, the apparatus 100 may further
comprise guiding pins 118 which register onto matching orifices 119 of the superstructure
of the electrolyte cell 40 allowing as such for an accurate positioning onto the cell. The
guiding pins 118 can be movable using moving systems 117, to ease the insertion of the pins
into its respective matching orifice 119. The pin 118 are also configured to register or be

inserted into matching orifices 22 of the preconditioner 20, as shown on Figure 8 (A).

[0095] As shown on Figure 7, the actuator assembly 120 may further comprise an automatic
connection assembly 134 to electrically connect the anode assembly 10 to the electrolyte cell
40. Preferably, the electrical connection is a high intensity (HI) connection. The automatic
connection assembly 134 may comprise a pneumatic wrench, a synchronised bolting system

and high amperage connector(s).

[0096] As shown on Figure 8, the apparatus 100, and more particularly the supporting
structure 110, is configured to be mechanically attached to an overhead crane 30 for

transportation.

[0097] According to another aspect of the present disclosure, the present disclosure is
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directed to a method for delivering an anode assembly of inert anodes at a given temperature
to an electrolytic cell for use in producing a non-ferrous metal, such as but not limited to
aluminum. Reference can be made to the drawings of Figures 2 and 8 to 11 and the

flowcharts of Figures 12 to 16.
[0098] As illustrated Figures 2 and 12, the method 1000 typically comprises the steps of :

preheating the inert anodes 14 of the anode assembly 10 at the given temperature

1100, the anode assembly 10 being located outside the electrolytic cell 40;

transporting the anode assembly 10 toward the electrolytic cell while maintaining the

given temperature of the pre-heated inert anodes 1200, and

plunging the pre-heated inert anodes of the anode assembly into a bath of molten

electrolyte of the electrolytic cell 1300.

[0099] Asillustrated on Figure 8 or 13, the step a) of preheating the inert anodes of the anode
assembly 1100 is performed inside a preconditioner 20, also named preconditioning station,
located at a distance from the electrolytic cell (Fig. 8 A), 1110. The preconditioner is
configured to receive the anode assembly (Fig. 8 A) and to heat the inert anodes at a given or
predetermined temperature that should be close to the temperature of the molten electrolyte
bath 42 of the electrolytic cell 40 into which the inert anodes are going to be plunged. In
order to maintain the temperature of the inert anodes during the transportation toward the
cell 40, the method then preferably further comprises before step b) 1120, the step of
removing the anode assembly from the anode assembly preconditioner 20 while enclosing
the anode assembly inside the insulating transportation apparatus 100 configured to convey
the anode assembly toward the electrolytic cell while maintaining constant, or almost

constant, the given temperatures of the inert anodes.

[00100] According to a preferred embodiment of the present disclosure as illustrated
on Figures 8 and 14, the step of removing the anode assembly from the anode assembly
preconditioner and enclosing the anode assembly in the insulating transportation apparatus

1120 may comprise the steps of

positioning the insulating transportation apparatus 100 over the anode assembly 10
located in the anode preconditioner 20 (see Figs. 8A), such as with the use of a crane

30 having a cable affixed to the transfer box 1121;
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lowering an handling beam 122 from an interior space 112 of the insulating

transportation apparatus to the anode assembly (see Fig. 8B) 1122;
connecting the anode assembly to the handling beam 1223; and

raising the handling beam with the anode assembly connected thereto from the anode
assembly preconditioner 20 and into the interior space of the insulating transportation

apparatus (Fig. 8C) 1224,

[00101] According to a preferred embodiment of the present disclosure as illustrated
on Figures 9 and 15, the step of transporting the anode assembly 10 toward the electrolytic
cell 40 while maintaining the given temperature of the pre-heated inert anodes 1200, may

comprise the steps of
upraising the transportation apparatus using the crane 1210, and

controllably moving the crane 30 toward the electrolytic cell (Figures 9 and 10),
while the temperature of the inert anodes 14 inside the transportation box being maintained
1220, for instance thanks to the thermal shelter or other devices described herein for

maintaining the temperature constant.

[00102] According to a preferred embodiment of the present disclosure as illustrated
on Figures 8, 10 and 16, the step of plunging the pre-heated inert anodes of the anode

assembly into a bath of molten electrolyte of the electrolytic cell 1300 comprises:

positioning the insulating transportation apparatus over the electrolytic cell (see Fig.

8C or 10A) 1310;

lowering the anode assembly 10 from the insulating transportation apparatus into the
electrolytic cell until the pre-heated inert anodes 14 are plunged inside the bath of molten

electrolyte (Fig. 8D or 10B) 1320;
mechanically connecting the anode assembly 10 to the electrolyte cell 1330;

electrically connecting the inert anodes 14 of the anode assembly 10 to the electrolyte

cell 1340; and

releasing the anode assembly from the insulating transportation apparatus 1350.
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[00103] According to a preferred embodiment of the present disclosure, the step of
lowering the anode assembly into the production pot or bath of the cell may comprise the
step of registering guiding pins of the insulating transportation apparatus to respective
receiving apertures of the electrolytic cell while lowering the anode assembly into the

electrolytic cell with the guiding pins registered.

[00104] According to a preferred embodiment of the present disclosure, the step of
electrically connecting the inert anodes of the anode assembly to the electrolyte cell may
comprise pneumatically bolting a flexible portion of the anode assembly onto an anodic

equipotential bar of the electrolyte cell.

[00105] As described herein, the insulating transportation apparatus comprises a
supporting structure and an actuator assembly coupled thereto, the actuator assembly
comprising an handling beam configured to support the anode assembly and vertically move
the anode assembly. Therefore, the step of releasing the anode assembly from the insulating
transportation apparatus may comprise the step of releasing the anode assembly from the
handling beam. The method may then further comprise subsequent to releasing the anode
assembly from the handling beam, raising the handling beam into the supporting structure
of the insulating transportation apparatus; and withdrawing the insulated transportation

apparatus away from the electrolytic.

[00106] As described herein, the insulating transportation apparatus 100 comprises a
door assembly 116 for sealing an opening 114 through which the anode assembly enters into
and exits from the insulating transportation apparatus. Then, the method may further

comprise:

when removing the anode assembly from the anode preconditioner and
enclosing the anode assembly in the insulating transportation

apparatus:

(1) moving the door assembly into an open position;

(i1) raising the anode assembly into an interior space of the insulated

transportation apparatus; and
(1i1) closing the door assembly; and

when installing the anode assembly at the electrolytic cell:
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(1) moving the door assembly into the open position; and

(i1) lowering the anode assembly from the interior space of the insulating

transportation apparatus into the electrolytic.

[00107] As illustrated on Figure 11, once the anode assembly has been unloaded to
the electrolytic cell 40, the box is raised by the crane 30 to return to the preconditioning

station 20 in order to load a subsequent anode assembly.

The Cell Preheater Lifting Beam, or CPLB:

[00108] As aforesaid, electrolytic cells working with inert anodes need to be pre-
heated, typically using a cell pre-heater, also named CP herein. The cell pre-heater has to be
inserted into the tank of the cell for pre-heating the cell, typically containing dry electrolyte
to be melt, and then removed from the cell before introducing pre-heated anodes in the cell.
Furthermore, even though inert anodes do not have to be removed from a cell as frequently
as consumable carbon anodes, a spent anode assembly (SAA) has to be removed once and a
while for maintenance and replaced right away by a new pre-heated anode assembly (AA).
The Applicant has therefore developed an apparatus, named “cell preheater lifting beam”,
or CPLB, similar with the transfer box as disclosed herein, for safely and accurately inserting
a CP in a cell, removing the same CP from the cell once the cell is preheated. The CPLB can
also be used for removing a spent anode assembly (SAA) from the cell before inserting a

new pre-heated anode assembly into the cell using the transfer box (TB).

[00109] Figure 17 is a schematic view of a cell preheater (CP) that has also been
developed by the Applicant. The cell preheater 200 may comprise at least one electrical
heater 210 comprising at least one resistance electrically powered via a bus bar 220. The CP
200 is configured to be installed in the electrolytic cell in place of the corresponding anode
assembly for pre-heating the cell before installing the corresponding anode assembly into
the cell. As described herein later, the bus bar 220 may comprises connecting elements 234
for connecting the CPLB to the CP and transporting the CP. This example of a CP is
disclosed in Applicant’s provisional application USSN: 63/018,680 filed on May 1%, 2020
at the U.S. patent office. Any other kinds of cell pre-heater can be used without departing

from the scope of the present disclosure.

[00110] Figure 18 illustrates the transfer of a spent anode assembly (SAA) 50 from
the electrolytic cell 40 (left), in which the SAA is electrically connected to the equipotential
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(symbols (+) and (-)) of the cell to a chariot for conveyance outside the building for

maintenance 60 (right).

[00111] Figure 19 illustrates the transfer of a cell preheater 200 (CP) from the
electrolytic cell 40 (left) to the chariot 60 (right). The start-up of the cell requires removing
the CP once the cell has been heated at the required temperature for the electrolysis reaction.
The CP is connected upstream the equipotential of the cell (symbol (+)) and downstream the
equipotential of the cell (symbol (-)). Once removed, the CP is placed on a chariot for
conveyance outside the building. The CP is immediately replaced in the cell by a new anode

assembly, for instance by using the transfer box 100 as described herein.

[00112] Figure 20 is a schematic open view of the CPLB 300 in accordance with a
preferred embodiment of the present disclosure. The apparatus 300 comprises a supporting
structure 310, defining an interior space 312; an actuator assembly 320 coupled with the
supporting structure 310 and configured to support the anode assembly or the cell pre-heater.
As shown in Figure 20, the actuator assembly 320 is operable to move vertically between an
insulated position (left drawing) wherein the cell pre-heater or the spent anode assembly will
be positioned in the interior space 312 of the supporting structure 310 as illustrated in Figures
21 and 22 respectively; and a loading-unloading position (Figure 20, right drawing) wherein
the anode assembly or the cell pre-heater will be outside the supporting structure for loading
the anode assembly or the cell pre-heater to the actuator assembly or unloading the anode

assembly or the cell pre-heater from the actuator assembly.

[00113] According to a preferred embodiment of the present disclosure, the actuator
assembly 320 of the CPLB comprises a handling horizontal beam 322 configured to
removably connect to the anode assembly and to vertically move the cell pre-heater or the
anode assembly inside the interior space. The actuator assembly 320 may comprise a first
motor 324 and a second motor 326 supported by the supporting structure 310, each motor
being respectively coupled to a moving element 325 arranged at opposite longitudinal ends
of the handling beam 322 along which the handling beam is vertically raised and lowered.
Preferably, the moving element 325 may comprise, for each motor 324,326 a threaded rod

or a chain activated by the motor for raising or lowering the handling beam 322.

[00114] As shown on Figures 25 and 26, the actuator assembly may further comprise
a failsafe hanging device(s) 330 for removably engaging and supporting the cell preheater
(Fig. 26) or the anode assembly (Fig. 25). The failsafe hanging device(s) 330 for the CPLB
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can be the same as the failsafe hanging device(s) 130 of the transfer box as described herein.
The failsafe hanging device 330 engages into a corresponding handling pin 332 of the cell
preheater 200 or the (spent) anode assembly 50 upon lowering of the actuator assembly onto

the cell preheater or anode assembly.

[00115] Figure 23 is a schematic view of the CPLB 300 in accordance with a preferred
embodiment of the present disclosure showing the CPLB in its loading-unloading position
with a SAA 50 attached to a handling beam 322 of the actuator assembly 320 (left drawing
being the front view and right drawing being the side view). Figure 24 is a schematic view
of the CPLB 300 in accordance with a preferred embodiment of the present disclosure
showing the CPLB 300 in its loading-unloading position with a CP 200 attached to the
handling beam (left drawing being the front view and right drawing being the side view).
Figure 25 is a schematic open view of the CPLB 300 in accordance with a preferred
embodiment of the present disclosure with the handling beam 322 in its insulated position
supporting the SAA 50, whereas Figure 26 is a schematic open view of the CPLB 300 in
accordance with a preferred embodiment of the present disclosure with the handling beam

322 in its insulated position supporting a CP 200.

[00116] As shown on Figures 25 and 26, the apparatus or CPLB 300 may further
comprising a thermic shelter 340 supported by the supporting structure 310 for protecting
the supporting structure from heat irradiating from the cell-preheater or the spent anode
assembly when the cell pre-heater or the spent anode assembly are removed from the cell.
The thermal shelters may comprise refractory lining. Thermic shelters as described herein

above for the transfer box 100 can be used.

[00117] As shown in Figures 25 to 28, the CPLB 300 further comprises an automated
connecting system 334 configured for electrically connecting the cell pre-heater 200 to the
electrolytic cell 40 when the cell preheater is installed into the cell, or electrically
disconnecting the cell pre-heater from the electrolytic cell before removing from the cell
preheater. The CPLB 300 may have two opposed automated connecting system 334 as
shown in Figures 25-27, for electrically connecting the CP 200 to the cell 40. Figure 27 is a
schematic open view of the CPLB 300 supporting a CP 200 over an electrolytic cell with
(A) and (B) showing details of the pair of automatic connections 334 of the CPLB with the
electrolytic cell in accordance with a preferred embodiment of the present disclosure. When

the CPLB 300 is used for removing and transporting a SAA, only one of the automated
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connecting systems 334 is used (see Figure 26), or the CPLB has only one automated
connecting system 334 as shown on Figure 28. Figure 28 is a schematic open view of the
CPLB supporting a SAA over an electrolytic cell with (A) details of one automatic
connection of the CPLB with the electrolytic cell in accordance with a preferred embodiment

of the present disclosure.

[00118] As shown on Figure 25, the supporting structure is configured to permit
ventilation of an upper zone 313 of the supporting structure 312 to maintain the upper zone
at a lower temperature than a lower hot zone containing the cell-preheater or the spent anodes
of the anode assembly. For instance, the upper zone 313 over the beam 322 can be opened

allowing for natural ventilation of the upper zone 313.
Methods of using the CPLB

[00119] Figures 29 to 32 illustrate the different steps of using the CPLB 300 for
conveying a CP 200 and installing the same in the cell, with the left drawings showing a
front view and the right drawings showing the side view. Figure 29 illustrates the first step
of approaching the CPLB 300 over a chariot 60 containing a CP. Figure 30 illustrates the
second step of connecting the CPLB 300 to the CP 200 in the chariot 60. Figure 31 illustrates
the third step of raising the CPLB 300 and the CP 200 from the chariot 60 before conveying
the same toward the cell 40 to be preheated. Figure 32 illustrates the fourth step of lowering
the CP from the CPLB into the electrolytic cell 40, once the CPLB has been positioned over
the cell 40. In the second step above, the CPLB is precisely placed over the cell thanks to
the guiding pins 318 (Fig. 32). The electrical connections are done by the interactions
between the CPLB and the automated connecting system 334 in collaboration with two
electric pods. As shown on Figure 32, the CPLB can be sued to place several CP 200 in the

same electrolytic cell.

[00120] Figures 33 to 36 illustrate the different steps of using the CPLB 300 for
removing and conveying one or several CPs 200 from the cell once each CP has heated the
cell, with the left drawings showing a front view and the right drawings showing the side
view. Figure 33 illustrates the first step of removing the CP 200 from the electrolytic cell 40,
once the cell has been heated by the CP. The CPLB 300 is precisely positioned over the
electrolytic cell containing the CP with the help of the guiding pins 318. As shown on Figure
34, the beam 322 moves down until to grab and lock the CP with the failsafe hanging

device(s) 330. The two electrical pods are disconnected from the CP using the automated
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connecting system 334. Figure 35 illustrates the third step of raising the CPLB and the CP
from the electrolytic cell. Figure 36 illustrates the fourth step of lowering and unloading the

CP from the CPLB positioned over a chariot for further conveyance and maintenance.

[00121] Figures 37 to 40 illustrate the different steps of using the CPLB 300 for
removing a spent anode assembly (SAA) from the cell 40, with the left drawings showing a
front view and the right drawings showing the side view. Figure 37 illustrates the first step
during which the CPLB 300 is precisely positioned over the electrolytic cell 40 containing
the SAA, using the guiding pins 318. Figure 38 illustrates the second step of removing the
SAA from the electrolytic cell, in which the handling beam 322 of the CPLB 300 is lowered
before grabbing and locking the SAA, as described for the CP above. The SAA is electrically
disconnected from the cell, as described for the CP above. Figure 39 illustrates the third step
of raising the CPLB 300 and the SAA 50 from the electrolytic cell 40. Finally, Figure 40
illustrates the fourth step of positioning the CPLB 300 containing the SAA 50 over a chariot
60 before lowering and unloading the SAA into the chariot for further conveyance and

maintenance.

[00122] Figure 41 illustrates different positions of electrical isolating elements of the
CPLB in accordance with preferred embodiments of the present disclosure. As for the
Transfer Box 100 described herein, electrical isolating elements 351 — 354 can be located at
different positions of the CPLB 300. In particular: a first electrical isolating element 351 can
be inserted between the supporting structure 310 and the guiding pins 318, a second electrical
isolating element 352 can be inserted on a top portion of the actuator assembly 320, a third
electrical isolating element 353 can be inserted between the automatic connection assembly
334 and the supporting structure 310, and a fourth electrical isolating element 354 can be
inserted for isolating the transfer box 100 from the crane, for instance in collaboration with
an handling hook 360 at the top section of the CPLB. This fourth element 354 can be also
part of the main supporting bridge or crane 30 (see e.g. Figure 40). A fifth electrical isolating
elements 355 can be inserted at a bottom surface of the handling beam 322 in order to avoid
any electrical contact or short-circuit of the heating resistance of the CP during the

connection or disconnection of the handling beam 322.

Combined uses of the transfer box (TB) and the cell-preheater lifting beam (CPLB) for

the maintenance of an electrolytic cell.

[00123] Figure 42 is a flowchart for illustrating the method according to preferred
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embodiments of the present disclosure, for the start-up and maintenance of an electrolytic
cell for producing a non-ferrous metal, the electrolytic cell being configured to contain a
number N of anode assemblies, with N > 1. Typically, a cell may contain up to 17 anode

assemblies.
[00124] The method 2000 comprises:

a) installing N cell preheaters in the cell in place of the N anode-assemblies

2100;

b) preheating the cell with the N cell preheaters until to reach a given
temperature in the cell 2200;

¢) pouring a melted electrolytic bath into the cell and optionally a portion of

melted metal 2300;

d) removing a first cell-preheater using an apparatus for conveying an anode
assembly or a cell pre-heater outside of an electrolyte cell, or CPLB, as

defined herein 2400;

e) inserting a pre-heated anode assembly in place of the removed cell
preheater using an apparatus for conveying an anode assembly outside of
an electrolyte cell as defined herein or TB, or according to the method for
delivering an anode assembly of inert anodes at a given temperature to an
electrolytic cell for use in producing a non-ferrous metal as defined herein

2500, and

f)  repeating (N-1) times steps d) 2400 and e) 2500 until that all the cell pre-

heaters are replaced by pre-heated anode assemblies 2600.

[00125] Figure 43 is a flowchart for illustrating the method according to preferred
embodiments of the present disclosure, for the replacement of a spent anode assembly of an
electrolytic cell during the production a non-ferrous metal, the cell comprising N anode
assemblies, with N> 1, plunged into a melted electrolytic bath at a given temperature.
Typically, the given temperature when the electrolyte bath comprises alumina for the making

of aluminum is from 750 to 1000 °C, for instance about 850 °C.
[00126] The method 3000 comprises:

a) removing the spent anode assembly from the cell using an apparatus

for conveying an anode assembly or a cell pre-heater outside of an
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electrolyte cell, or CPLB, as defined herein, 3100; and

b) right after step a), inserting a new anode assembly, pre-heated at the
given temperature, in place of the removed spent anode assembly
using an apparatus for conveying an anode assembly outside of an
electrolyte cell, or transfer box, as defined herein, or according to the
method for delivering an anode assembly of inert anodes at a given
temperature to an electrolytic cell for use in producing a non-ferrous

metal, as defined herein 3200;

wherein steps a) and b) are performed while the cell is producing the non-

ferrous metal, and

wherein steps a) and b) are repeated for each spent anode assembly of the cell

to be replaced.

[00127] According to a preferred embodiment of the present disclosure of the methods
2000 - 3000 the non-ferrous metal is aluminum, and the N anode assemblies comprises a

plurality of inert anodes. More preferably, the inert anodes are vertical inert anodes.

[00128] Advantageously, the thermal supporting of the transfer apparatus or transfer
box (TB) allows maintaining the anode temperature homogeneity and preventing the thermal

shock when introducing the inert anodes into the hot electrolytic bath.

[00129] Existing solution used for the traditional Hall-Heroult process is not
applicable to the inert anode process due do the different configuration of the cell and of the
anode assembly. Furthermore, it does not answer the constraint linked with prevention of the
thermal shock on the anode. The present disclosure is compatible with the inert anode cell

and anode assembly configuration and it solves the issue of thermal shock.

[00130] Furthermore, the TB and the CPLB according to the present disclosure are
advantageously used conjointly to operate the electrolytic cells, for the starting up of the cell
using cell pre-heaters, and the accurate insertion of pre-heated anode assemblies in place of
the cell-preheaters, while preserving the temperature of the cell and the heated anode
assemblies, avoiding as such thermal shocks. The TB and the CPLB according to the present
disclosure are advantageously used conjointly to replace a spent anode assembly by a new
pre-heated anode assembly while keeping the other anode assemblies of the cell producing

the non ferrous-metal. The TB allows fast and accurate mechanical and electrical
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connections of the anode assembly in the cell, which is an important requirement when inert
or oxygen evolving anodes are in use for a long period of time compared to consumable
anodes, such as carbon anodes. The CPLB allows fast and precise installation of the cell
preheaters in the cell, and also fast and safe removal of the cell pre-heaters or spent anode

assembly.

[00131] The description of the present disclosure has been presented for purposes of
illustration but is not intended to be exhaustive or limited to the disclosed embodiments of
the present disclosure. Many modifications and variations will be apparent to those of
ordinary skill in the art. The embodiments of the present disclosure were chosen to explain
the principles of the disclosure and its practical applications and to enable others of ordinary
skill in the art to understand the disclosure in order to implement various embodiments of
the present disclosure with various modifications as might be suited to other contemplated

uses.
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PATENTKRAV

1. Apparat til at transportere en anodesamling uden for en elektrolytcelle, hvor anode-
samlingen omfatter en flerhed af inerte anoder, idet apparatet omfatter:
en understattende struktur, der definerer et indre rum;
en aktuatorsamling koblet med den underststtende struktur og konfigureret til at
understgtte anodesamlingen, idet aktuatorsamlingen kan betjenes til at flytte anode-
samlingen mellem:
en isoleret position, hvor anodesamlingen er placeret i det indre rum af den
understattende struktur; og
en leesning-afleesnings-position, hvor anodesamlingen er uden for den un-
derstettende struktur for at pasaette anodesamlingen pa aktuatorsamlingen eller fierne
anodesamlingen fra aktuatorsamlingen; og
et termisk system, der omfatter en termisk beskyttelsessamling understattet af
den understgttende struktur og konfigureret til at opretholde en temperatur af anode-

samlingen, nar anodesamlingen er i det indre rum.

2. Apparat ifslge krav 1, hvor aktuatorsamlingen yderligere omfatter et elektrisk isole-

ringssystem til elektrisk at isolere anodesamlingen fra aktuatorsamlingen.

3. Apparat ifglge krav 1 eller 2, hvor den understgttende struktur definerer en aben
bund i forbindelse med det indre rum, hvor apparatet yderligere omfatter:

en degrsamling, der er beveegeligt koblet til den understattende struktur og kan
betjenes mellem en aben position for at tillade bevaegelse af anodesamlingen mellem
den isolerede position og leesning/afleesningspositionen, og en lukket position, hvor

dersamlingen lukker den abne bund af den understettende struktur.

4. Apparat ifglge et hvilket som helst af kravene 1 til 3, hvor aktuatorsamlingen omfatter
en vandret handteringsbjeaelke, der er konfigureret til aftageligt at blive forbundet til ano-

desamlingen og til lodret at beveege anodesamlingen inde i det indre rum.

5. Apparat ifslge krav 4, hvor aktuatorsamlingen omfatter en farste motor og en anden
motor understattet af den understattende struktur, idet hver motor er koblet til et bevaes-
geligt element, der er anbragt ved modsatte leengde ender af handteringsbjeelken,

langs hvilken handteringsbjaelken haeves og saenkes lodret.
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6. Apparat ifglge krav 5, hvor det beveegelige element omfatter en gevindstang eller en

kaede aktiveret af motoren til at haeve eller seenke handteringsbjeelken.

7. Apparat ifslge et hvilket som helst af kravene 1 til 6, hvor aktuatorsamlingen omfatter
en fejlsikker opheengningsanordning til aftageligt indgreb og underststtelse af anode-

samlingen.

8. Apparat ifslge krav 7, hvor den fejlsikre opheengningsanordning griber ind i en tilsva-
rende handteringsstift pa anodesamlingen ved saenkning af aktuatorsamlingen over pa

anodesamlingen.

9. Apparat ifslge et hvilket som helst af kravene 1 til 8, hvor det termiske system omfat-
ter adskillige termiske skjolde, der streekker sig fra en indvendig overflade af den un-
derstgttende struktur til at kommunikere med tilsvarende overflader af flerheden af

inerte anoder, nar anodesamlingen er i det indre rum.

10. Apparat ifglge krav 9, hvor de termiske beskyttelsesanordninger omfatter en ildfast

beklzedning.

11. Apparat ifglge et hvilket som helst af kravene 1 til 10, som yderligere omfatter et
elektrisk varmemodul til opvarmning af de inerte anoder, nar anodesamlingen er i det

indre rum.

12. Apparat ifglge et hvilket som helst af kravene 1 til 11, hvor den understgttende
struktur er konfigureret til at tillade ventilation af en gvre zone af anodesamlingen for at
holde den svre zone ved en lavere temperatur end en nedre varm zone, der indeholder

flerheden af inerte anoder.

13. Apparat ifglge et hvilket som helst af kravene 1 til 12, som yderligere omfatter sty-
restifter, som passer ind i en struktur af elektrolytcellen for at lette operativ installation

af anodesamlingen deri.
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14. Apparat ifglge et hvilket som helst af kravene 1 til 13, hvor aktuatorsamlingen yder-
ligere omfatter en automatiseret forbindelsessamling til elektrisk at forbinde anodesam-

lingen med elektrolytcellen.

15. Apparat ifglge krav 14, hvor den automatiserede forbindelsessamling omfatter en

pneumatisk skruenggle og et synkroniseret boltesystem.

16. Apparat ifglge et hvilket som helst af kravene 1 til 15, hvor den understattende
struktur omfatter et fastgerelseselement, som er konfigureret til at blive mekanisk fast-

gjort til en Isbekran til transport af apparatet.

17. Fremgangsmade til levering af en anodesamling af inerte anoder ved en given tem-
peratur til en elektrolytcelle til brug ved fremstilling af et ikke-jernholdigt metal, hvilken
fremgangsmade omfatter:

a) forvarmning af de inerte anoder af anodesamlingen ved den givne temperatur, idet
anodesamlingen er placeret uden for elektrolytcellen;

b) transport af anodesamlingen mod elektrolytcellen i en transportkasse, der omfatter
en termisk beskyttelsessamling, der er konfigureret til at opretholde den givne tempera-
tur af de forvarmede inerte anoder; og

¢) nedsezenkning af de forvarmede inerte anoder af anodesamlingen i et bad af smeltet

elektrolyt i elektrolytcellen.

18. Fremgangsmade ifelge krav 17, hvor a) forvarmning af de inerte anoder af anode-
samlingen udfares i en forbehandlingsstation, der er placeret i en afstand fra elektrolyt-

cellen.

19. Fremgangsmade ifelge krav 18, hvor fremgangsmaden yderligere far b) omfatter
fiernelse af anodesamlingen fra forbehandlingsstationen, mens anodesamlingen inde-
sluttes inde i et isolerende transportapparat, der er konfigureret til at transportere ano-
desamlingen mod elektrolytcellen, mens de givne temperaturer af de inerte anoder hol-

des inden for et forudbestemt toleranceomrade.

20. Fremgangsmade ifelge krav 19, hvor fiernelse af anodesamlingen fra forbehand-
lingsstationen og indeslutning af anodesamlingen i det isolerende transportapparat om-

fatter:
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positionering af det isolerende transportapparat over anodesamlingen placeret i
anodeforbehandlingsindretningen;

saenkning af en aktuatorsamling fra et indre rum af det isolerende transportappa-
rat til anodesamlingen;

forbindelse af anodesamlingen til aktuatorsamlingen; og

haevning af aktuatorsamlingen med anodesamlingen forbundet dertil fra forbe-

handlingsindretningen og ind i et indre rum af det isolerende transportapparat.

21. Fremgangsmade ifelge krav 19 eller 20, hvor ¢) nedseenkning af de forvarmede
inerte anoder af anodesamlingen i et bad af smeltet elektrolyt i elektrolytcellen omfat-
ter:

positionering af det isolerende transportapparat over elektrolytcellen;

saenkning af aktuatorsamlingen og anodesamlingen fra det isolerende transport-
apparat ind i elektrolytcellen, indtil de forvarmede inerte anoder er saenket ned i badet
af smeltet elektrolyt;

mekanisk forbindelse af anodesamlingen til elektrolytcellen;

elektrisk forbindelse af de inerte anoder af anodesamlingen til elektrolytcellen; og

frigerelse af anodesamlingen fra aktuatorsamlingen.

22. Fremgangsmade ifelge krav 21, hvor seenkning af anodesamlingen i badet omfatter
tilpasning af styrestifter af det isolerende transportapparat til respektive modtageabnin-

ger i elektrolytcellen fgr seenkning af anodesamlingen ned i elektrolytcellen.

23. Fremgangsmade ifelge krav 21 eller 22, hvor den elektriske forbindelse af de inerte
anoder af anodesamlingen til elektrolytcellen omfatter mekanisk boltning af en fleksibel

del af anodesamlingen pa en anodisk aekvipotentialstang af elektrolytcellen.

24. Fremgangsmade ifelge et hvilket som helst af kravene 20 til 23, hvor aktuatorsam-
lingen er koblet til en understattende struktur af det isolerende transportapparat, hvor
aktuatorsamlingen omfatter en handteringsbjaelke, der er konfigureret til at understette
anodesamlingen og lodret bevaege anodesamlingen, hvor friggrelse af anodesamlin-
gen fra det isolerende transportapparat omfatter friggrelse af anodesamlingen fra
handteringsbjaelken, hvor fremgangsmaden da yderligere omfatter:

efter frigerelse af anodesamlingen fra handteringsbjaelken, haevning af handte-

ringsbjeelken ind i den understattende struktur af det isolerende transportapparat; og
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fiernelse af det isolerede transportapparat fra elektrolytcellen.

25. Fremgangsmade ifelge et hvilket som helst af kravene 19 til 24, hvor det isolerende
transportapparat omfatter en dersamling til termisk isolering af en abning, gennem hvil-
ken anodesamlingen kommer ind i og ud af det isolerende transportapparat, hvilken
fremgangsmade yderligere omfatter:

ved fjernelse af anodesamlingen fra anodeforbehandlingsstationen og indeslut-
ning af anodesamlingen i det isolerende transportapparat:

(i)  indstilling af dersamlingen til en aben position;

(i) heevning af anodesamlingen ind i et indre rum af det isolerede transportap-

parat; og

(i) lukning af dgrsamlingen; og

ved installation af anodesamlingen ved elektrolytcellen:

(i) indstilling af dersamlingen til den &bne position; og

(i)  seenkning af anodesamlingen fra det indre rum af det isolerende transport-

apparat ind i elektrolytcellen.

26. Fremgangsmade til opstart af en elektrolytcelle til fremstilling af et ikke-jernholdigt
metal, hvor elektrolytcellen er konfigureret til at indeholde et antal N anodesamlinger,
hvor hver af neevnte anodesamlinger omfatter en flerhed af inerte anoder med N = 1,
hvilken fremgangsmade omfatter:

a) installation af N celleforvarmere i cellen i stedet for de N anodesamlinger;

b) forvarmning af cellen med de N celleforvarmere, indtil der nas en given tempe-
ratur i cellen;

¢) heeldning af et smeltet elektrolytbad ind i cellen med en maengde smeltet me-
tal;

d) fiernelse af en fgrste celleforvarmer fra cellen;

e) indseettelse af en forvarmet inert anodesamling omfattende en flerhed af inerte
anoder i stedet for den fjernede celleforvarmer ved anvendelse af et apparat til at trans-
portere en anodesamling uden for en elektrolytcelle som defineret i et hvilket som helst
af kravene 1 til 16, eller ifelge fremgangsmaden til levering af en anodesamling af
inerte anoder ved en given temperatur til en elektrolytcelle som defineret i et hvilket
som helst af kravene 17 til 25, og

f) gentagelse med (N-1) gange af trin d) og e), indtil alle celleforvarmere er erstat-

tet med forvarmede anodesamlinger.
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27. Fremgangsmade til udskiftning af en brugt anodesamling af en elektrolytcelle under
fremstillingen af et ikke-jernholdigt metal, hvor cellen omfatter N anodesamlinger, hvor
hver af naevnte anodesamlinger omfatter en flerhed af inerte anoder, med N = 1, ned-
saenket i et smeltet elektrolytbad ved en given temperatur, hvor fremgangsmaden om-
fatter:

a) fiernelse af den brugte anodesamling fra cellen;

b) lige efter trin a), indseettelse af en ny anodesamling, forvarmet til den givne
temperatur, i stedet for den fijernede brugte anodesamling ved anvendelse af et appa-
rat til at transportere en anodesamling uden for en elektrolytcelle som defineret i et hvil-
ket som helst af kravene 1 til 16, eller ifelge fremgangsmaden som defineret i et hvilket
som helst af kravene 17 til 25,

hvor trin a) og b) udfgres, mens cellen producerer det ikke-jernholdige metal, og

hvor trin a) og b) gentages for hver brugt anodesamling af den celle, der skal ud-
skiftes.

28. Fremgangsmade ifelge krav 26 eller 27, hvor det ikke-jernholdige metal er alumi-

nium, og de N anodesamlinger omfatter en flerhed af inerte anoder.

29. Fremgangsmade ifelge krav 28, hvor de inerte anoder er lodrette inerte anoder.



DK 182058 B1
1/24

10 . 11
™ —
e
—
RNy o
- P
/ | |
12 14




DK 182058 B1

2124

......

", v.,.‘fa. |.—

/ b i
SN
| 5
- o
& o
L i J
/
/ \\ , /

S 7 \\§ .........
g




DK 182058 B1

3/24
1006 126
ey N
N e
120
\“‘-m&
Ry S
N TN
122. 140
- w";:-“: : i f:}
17 o~
//’ 10
14 (A)
FIG. 5

lem‘ 1GQ\N\§ yfmmg; 110
ST




DK 182058 B1
4124

100 —

152




DK 182058 B1
5/24

100

118~
12 |




DK 182058 B1

6/24




DK 182058 B1

7124

30

(e, ]
% ﬂ“ﬂ;\ 38888&1

5

e %

FIG. 11



DK 182058 B1
8/24

mﬁﬁ\\\

preheating the inert anodes of the anode assembly at the given temperature, the
anode assembly being located outside the electrolytic cell (1100)

A

transporting the anode assembly toward the electrolytic cell while mamntaining the
given temperature of the pre-heated tnert anodes (1200)

phunging the pre-heated mert anodes of the anode assembly mnto a bath of molten
electrolyte of the electrolytic cell (1300)

FiG. 12

1100

preheating the inert anodes of the anode assembly info a preconditioning station
located at a distance from the electrolytic cell (1110)

removing the anode assembly from the preconditioning station while enclosing the

anode assembly inside an insulating transportation apparatus configured to convey

the anode assembly toward the electrolytic cell while mamntaming almost constant
the given temperatures of the inert anodes {(1120)

FiG. 13
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1120—

positioning the insulating transportation apparatus over the anode assembly located
m the anode preconditioner, such as with the use of a crane having a cable affixed to
the transfer box (1121)

-4

lowering an handling beam from an mterior spacing of the msulating transportation
apparatus to the anode assembly (1122}

connecting the anode assembly to the handhing beam (1223)

¥

raising the handling beam with the anode assembly connected thereto from the
anode assembly preconditioner and info the interior spacing of the msulating

transportation apparatus (1224)

FiG. 14
1200—

upraising the fransportation apparatus using the crane (1210)

l

controliably moving the crane toward the electrolytic cell, the temperature of

the inert anodes inside the transportation box being maintained (1220)

FliG. 15
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1300

positioning the insulating transportation apparatus over the electrolytic cell (1310)

lowering the pre-heated anode assembly from the insulating transportation
apparatus into the electrolvtic cell until the pre-heated inert anodes are plunged

inside the bath of molten electrolyte (1320)

l

mechanically connecting the inert anode assembly to the electrolyte cell (1330}

¥

electrically connecting the mert anodes of the anode assembly to the electrolyte cell

(1340)

releasing the anode assembly from the insulating transportation apparatus
(1350)

FiG. 16
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mstalling N cell preheaters 1n the cell in place of the N anode-assemblies
(2100), with N> I,

4

preheating the cell with the N cell preheaters until to reach a given
temperature in the cell and obtain a melted electrolytic bath at the given temperature
(2200)

:

pouring a melted electrolytic bath 1nto the cell, with an amount of melted
metal (2300)

.

removing a first cell-preheater using an apparatus for conveying an anode
assembly or a cell pre-heater outside of an electrolyte cell, or CPLE, as defined
heretn (2400)

b

l

inserting a pre-heated anode assembly i place of the removed cell preheater
using an apparatus for conveying an anode assembly outside of an electrolyte cell as
defined heremn or TB, or according to the method for delivering an anode assembly

of mert anodes at a given temperature to an electrolytic cell for use w producing a

non-ferrous metal as defined herein (2500)

v

repeating (N-1) times steps 2400 and 2500 until that all the cell pre-heaters

are replaced by pre-heated anode assemblies (2600)
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removing the spent anode assembly from the cell using an apparatus for

B conveying an anode assembly or a cell pre-heater outside of an electrolyte cell, or
{CPLRB, as defined herein, 3100

right after step 3100, inserting a new anode assembly, pre-heated at the given
temperature, 1n place of the removed spent anode assembly using an apparatus for
conveying an anode assembly outside of an electrolyte cell, or transfer box, as
defined herein, or according to the method for delivering an anode assembly of inert
anodes at a given temperature to an electrolytic cell for use in producing a non-

ferrous metal as defined herem 3200,

wherein steps 3100 and 3200 are performed while the cell is producing the

non-ferrous metal, and

wherein steps ay 3100 and b) 3200 are repeated for each spent anode

assembly of the cell to be replaced

FIG. 43
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