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ABSTRACT

It is disclosed an electrolytic cell including one anode module having a plurality of anodes
(preferably oxygen-evolving anodes); one cathode module, opposing the anode module, having a
plurality of vertical cathodes, wherein each of the anodes and cathodes being vertically oriented
and spaced one from another; a cell reservoir; and a cell bottom supporting the cathode module.
The cell bottom comprises upper surfaces and a channel, with the vertical cathodes extending
upward from the upper surfaces. The upper surfaces are configured to direct via gravity
substantially all of the liquid aluminum produced in the electrolytic cell to the channel, and the
channel is configured to receive liquid aluminum from the upper surfaces. The liquid aluminum
produced at the outer surfaces of the cathodes flows via gravity therefrom across the upper surfaces

and into the channel, thereby creating a flowing layer of liquid aluminum over the upper surfaces.
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ADVANCED ALUMINUM ELECTROLYSIS CELL

FIELD OF THE INVENTION

[0001] The present invention relates to apparatus and methods for producing aluminum
metal and more particularly, to apparatus and methods for producing aluminum metal by the
electrolysis of alumina using oxygen evolving anodes and aluminum wettable cathodes.

BACKGROUND

[0002] Hall-Heroult electrolytic cells are utilized to produce aluminum metal in
commercial production of aluminum from alumina that is dissolved in molten electrolyte (a
cryolite “bath”) and reduced by a DC electric current using a consumable carbon anode.
Traditional methods and apparatus for smelting alumina utilize carbon anodes that are consumed
slowly and generate CO2, a “greenhouse gas.” Traditional anode shapes and sizes also limit
electrolysis of the reactant (dissolved alumina), which travels to the surface of the anode bottom
for reaction. This will enhance the frequency of the phenomenon called, “anode effect” that results
in the generation of CF4, another regulated “greenhouse” gas. Besides the traditional commercial
aluminum smelter, the prior art also includes aluminum smelter designs where the anodes and
cathodes have a vertical orientation, e.g., as described in U.S. Patent No. 5,938,914 to Dawless,
entitled, Molten Salt Bath Circulation Design For An Electrolytic Cell. Notwithstanding,
alternative electrode and aluminum smelter designs remain of interest in the field.

SUMMARY

[0003] In some embodiments, an electrolytic cell includes: at least one anode module
having a plurality of anodes, wherein each of the plurality of anodes is an oxygen-evolving
electrode; at least one cathode module, opposing the anode module, wherein the at least one

cathode module comprises a plurality of vertical cathodes, wherein each of the plurality of anodes
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and each of the plurality of vertical cathodes have surfaces thereon that are vertically oriented and
spaced one from another, wherein the cathodes are wettable by molten aluminum, and wherein the
at least one cathode module is coupled to a bottom of the electrolytic cell; a cell reservoir; an
electrolyte disposed within the cell reservoir; and a cell bottom supporting the cathode module,
wherein the cell bottom comprise an first upper surface, a second upper surface, and a channel,
wherein the plurality of vertical cathodes extends upward from the upper surfaces, wherein the
plurality of vertical cathodes are completely submerged in the electrolyte, wherein at least one
cathode block is located below the plurality of vertical cathodes, wherein the first upper surface
and the second upper surface are configured to direct substantially all of the liquid aluminum
produced in the electrolytic cell to the channel, and wherein the channel is configured to receive
liquid aluminum from the upper surfaces.

[0004] In some embodiments, the upper surface of the cell bottom has a first upper surface
and a second upper surface with the channel between the first upper surface and the second upper
surface.

[0005] In some embodiments, the channel is located equidistant from a first sidewall and
a second sidewall of the electrolytic cell.

[0006] In some embodiments, the electrolytic cell further comprises a trough located
proximate at least one of the first sidewall or the second sidewall of the electrolytic cell.

[0007] In some embodiments, the first upper surface is sloped from a first sidewall of the
electrolytic cell toward the channel.

[0008] In some embodiments, the first upper surface is sloped from a vertical cathode
surface to a second upper surface, and wherein the second upper surface is sloped from a sidewall

of the electrolysis cell toward the channel.
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[0009] In some embodiments, the first upper surface and the second upper surface are
sloped from the sidewalls of the electrolytic cell to the channel.

[00010] In some embodiments, the first upper surface comprises a first fall line extending
from the surface of the vertical cathode toward the second upper surface.

[00011] In some embodiments, the first upper surface has a slope of 0 to 60 degrees along
the first fall line from the surface of the vertical cathode to the second upper surface.

[00012] In some embodiments, the second upper surface comprises a second fall line
extending from the sidewall toward the channel.

[00013] In some embodiments, the second upper surface has a slope of 0 to 60 degrees along
the second fall line from the sidewall to the channel.

[00014] In some embodiments, the cell bottom comprises aluminum wettable material.
[00015] In some embodiments, the aluminum wettable material is at least one of TiB», ZrB.,
HfB2, S1B>, or combinations thereof.

[00016] In some embodiments, the channel has a slope of 0 to 15 degrees along a third fall
line from a first endwall to a second endwall of the electrolytic cell.

[00017] In some embodiments, the channel comprises aluminum wettable material.
[00018] In some embodiments, the aluminum wettable material is at least one of TiBz, ZrBa,
HfB-, SrB», or combinations thereof.

[00019] In some embodiments, the electrolytic cell further comprises a sump proximate a
low point of the channel.

[00020] In some embodiments, a method for producing aluminum metal by the
electrochemical reduction of alumina, includes: supplying an electric current to a plurality of

vertical anodes in an aluminum electrolysis cell, wherein the aluminum electrolysis cell comprises
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a bottom having an upper surface, a plurality of vertical cathodes extending upward from the upper
surface and interleaved with the plurality of vertical anodes, and a channel located within the
bottom of the cell, and wherein the channel is configured to collect liquid aluminum from the cell
passing the electric current through a electrolyte contained in the aluminum electrolysis cell,
receiving the electric current via the plurality of vertical cathodes and a bottom cathode; producing
liquid aluminum at outer surfaces of the cathode, wherein the liquid aluminum flows via gravity
from the outer surfaces of the cathode, across the upper surface and into the channel, thereby
creating a flowing layer of liquid aluminum over the upper surface, and collecting the liquid
aluminum from the channel into a sump.

[00021] In some embodiments, collecting the liquid aluminum includes removing at least
some of the liquid aluminum from the sump.

[00022] In some embodiments, collecting the liquid aluminum includes removing the liquid
aluminum periodically during the operation of the aluminum electrolysis cell.

[00023] In some embodiments, collecting the liquid aluminum includes removing the liquid
aluminum essentially continuously during the operation of the aluminum electrolysis cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[00024] Embodiments of the present invention, briefly summarized above and discussed in
greater detail below, can be understood by reference to the illustrative embodiments of the
invention depicted in the appended drawings. It is to be noted, however, that the appended
drawings illustrate only typical embodiments of this invention and are therefore not to be
considered limiting of its scope, for the invention may admit to other equally effective
embodiments.

[00025] Figure 1A is a partially schematic cross-sectional front view of an electrolytic cell

in accordance with some embodiments of the present disclosure.
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[00026] Figure 1B is a front view of a portion of an anode module in accordance with some
embodiments of the present disclosure.

[00027] Figure 1C is a partially schematic cross-sectional side view of an electrolytic cell
in accordance with some embodiments of the present disclosure.

[00028] Figure 1D is a side view of a portion of an anode module in accordance with some
embodiments of the present disclosure.

[00029] Figure 1E is a diagrammatic plan views of an electrolytic cell in accordance with
some embodiments of the present disclosure.

[00030] Figure 1F is a partially schematic cross-sectional front view of an electrolytic cell
in accordance with some embodiments of the present disclosure.

[00031] Figures 2A-2B are schematic cross-sectional views of an electrolytic cell in
accordance with some embodiments of the present disclosure.

[00032] To facilitate understanding, identical reference numerals have been used, where
possible, to designate identical elements that are common to the figures. The figures are not drawn
to scale and may be simplified for clarity. It is contemplated that elements and features of one
embodiment may be beneficially incorporated in other embodiments without further recitation.

DETAILED DESCRIPTION

[00033] The present invention will be further explained with reference to the attached
drawings, wherein like structures are referred to by like numerals throughout the several views.
The drawings shown are not necessarily to scale, with emphasis instead generally being placed
upon illustrating the principles of the present invention. Further, some features may be
exaggerated to show details of particular components.

[00034] The figures constitute a part of this specification and include illustrative

embodiments of the present invention and illustrate various objects and features thereof. Further,
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the figures are not necessarily to scale, some features may be exaggerated to show details of
particular components. In addition, any measurements, specifications and the like shown in the
figures are intended to be illustrative, and not restrictive. Therefore, specific structural and
functional details disclosed herein are not to be interpreted as limiting, but merely as a
representative basis for teaching one skilled in the art to variously employ the present invention.
[00035] Among those benefits and improvements that have been disclosed, other objects
and advantages of this invention will become apparent from the following description taken in
conjunction with the accompanying figures. Detailed embodiments of the present invention are
disclosed herein; however, it is to be understood that the disclosed embodiments are merely
illustrative of the invention that may be embodied in various forms. In addition, each of the
examples given in connection with the various embodiments of the invention which are intended
to be illustrative, and not restrictive.

[00036] Throughout the specification and claims, the following terms take the meanings
explicitly associated herein, unless the context clearly dictates otherwise. The phrases “in one
embodiment” and “in some embodiments” as used herein do not necessarily refer to the same
embodiment(s), though it may. Furthermore, the phrases “in another embodiment” and “in some
other embodiments” as used herein do not necessarily refer to a different embodiment, although it
may. Thus, as described below, various embodiments of the invention may be readily combined,
without departing from the scope or spirit of the invention.

[00037] The term “based on” is not exclusive and allows for being based on additional
factors not described, unless the context clearly dictates otherwise. In addition, throughout the

(44 22 ¢
a

specification, the meaning of an,” and “the” include plural references. The meaning of “in”

includes “in” and “on.
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[00038] As used herein, an “aluminum-wettable” means having a contact angle with liquid
aluminum of not greater than 90 degrees.

[00039] As used herein, “fall line” means the line of greatest slope on a surface.

[00040] As used herein, “horizontal aspect ratio” means the longest horizontal dimension
of an electrode divided by shortest horizontal dimension of an electrode.

[00041] As used herein, “long horizontal axis” means a horizontal line parallel to longest
horizontal dimension of an electrode.

[00042] As used herein, a “short horizontal axis” means a line parallel to an electrode
widthwise, wherein the line is in a horizontal plane.

[00043] As used herein, “liquid aluminum” means aluminum metal above its melting point.
[00044] As used herein a surface having a “slope of X degrees” means the surface forms an
angle with the horizontal plane of X degrees. For example, a surface having a slope of 90 degrees
is a vertical surface.

[00045] Figures 1A through 1E depict an aluminum electrolysis cell (100), or portions
thereof, in accordance with some embodiments of the instant disclosure. In some embodiments,
the aluminum electrolysis cell (100) comprises a cell bottom (102), sidewalls (114, 115), and
endwalls (116, 117). In some embodiments, the cell bottom (102) of the aluminum electrolysis
cell (100) has at least one upper surface that is sloped to drain into at least one channel (106). In
some embodiments, the cell bottom (102) of the aluminum electrolysis cell (100) may have a
plurality of upper surfaces, each upper surface sloped to drain into a channel (106). In some
embodiments, the cell bottom (102) of the aluminum electrolysis cell (100) has a first upper surface

(150), a second upper surface (151), and a channel (106) therebetween. In some embodiments, the
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aluminum electrolysis cell (100) may include two or more channels (106) formed within the
bottom (102) of the cell.

[00046] In some embodiments, the first upper surface (150) is sloped from the sidewalls of
the electrolytic cell to the channel (106) and from vertical cathode plates (108), coupled to the cell
bottom (102) and extending vertically toward the anode (124), to a second upper surface (151).
[00047] In some embodiments, the first upper surface (150) of the cell bottom (102) may
have a fall line that extends from the surface of the vertical cathode plates (108) toward the second
upper surface (151).

[00048] In some embodiments, the second upper surface (151) of the cell bottom (102) may
be sloped toward the channel (106). In some embodiments, the second upper surface (151) of the
cell bottom (102) may be sloped from the sidewalls toward the channel (106). In some
embodiments, the second upper surface (151) of the cell bottom (102) may have a fall line that
extends from the sidewalls toward the channel (106). In some embodiments, at least one of the
upper surfaces (150, 151) may be aluminum-wettable (i.e., comprised of at least one
aluminum-wettable material). In some embodiments, the aluminum-wettable material(s) include
at least one of TiB», ZrB», HfB», SrB», carbonaceous materials, and combinations thereof.
[00049] Figure 2A and Figure 2B are schematic cross-sectional views of an electrolytic cell
in accordance with some embodiments of the present disclosure. In some embodiments, as shown
in Figure 2A, a first upper surface (150) is sloped from vertical cathode plates 108 that are coupled
to the cell bottom (102). Aluminum metal produced by the electrochemical reduction of alumina
within the cell drains along the vertical cathode (108) toward the cell bottom (102). In Figure 2A,
the sloped first upper surface (150) drains the aluminum metal to the second sloped upper surface

(151). The aluminum metal flows through the second sloped upper surface (151) into the channel
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(106). In some embodiments, as shown in Figure 2B, the aluminum metal drains along the vertical
cathode (108) toward the cell bottom (102), where the aluminum metal flows through the second
sloped upper surface (151) into the channel (106).

[00050] In some embodiments, the channel (106) may be located approximately equidistant
from opposite sidewalls (114, 115) of the aluminum electrolysis cell (100). In some embodiments,
the channel (106) is configured to collect liquid aluminum produced in the aluminum electrolysis
cell (100). In some embodiments, the channel (106) may comprise aluminum-wettable materials.
In some embodiments, the aluminum-wettable material(s) include at least one of TiB2, ZrB2,
HfB2, SrB2, carbonaceous materials, and combinations thereof. In one embodiment, the channel
(106) is sloped from a high point to a low point. In one embodiment, the aluminum electrolysis
cell includes a sump (128) located proximal the low point of the channel (106). In one
embodiment, the horizontal component of the fall line of the upper surface forms an angle of 60
to 120 degrees with a horizontal component of the fall line of the channel.

[00051] In some embodiments, the aluminum electrolysis cell (100) may include a trough
(103) proximal the first sidewall (114). In some embodiments, the trough (103) may be configured
to collect sludge (e.g., undissolved alumina) from the aluminum electrolysis cell (100). In some
embodiments, the aluminum electrolysis cell (100) may include a trough (103) proximal the
second sidewall (115). In some embodiments, the aluminum electrolysis cell (100) may include a
trough (103) proximal the first endwall (116). In some embodiments, the aluminum electrolysis
cell (100) may include a trough (103) proximal the second endwall (117).

[00052] In some embodiments, the first upper surface (150) of the cell bottom (102) has a
slope of 0 to 60 degrees along the fall line from the first sidewall to the second upper surface. In

some embodiments, the first upper surface (150) of the cell bottom (102) has a slope of 0 to 45
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degrees along the fall line from the first sidewall to the second upper surface. In some
embodiments, the first upper surface (150) of the cell bottom (102) has a slope of 0 to 40 degrees
along the fall line from the first sidewall to the second upper surface. In some embodiments, the
first upper surface (150) of the cell bottom (102) has a slope of 0 to 35 degrees along the fall line
from the first sidewall to the second upper surface. In some embodiments, the first upper surface
(150) of the cell bottom (102) has a slope of 0 to 30 degrees along the fall line from the first
sidewall to the second upper surface. In some embodiments, the first upper surface (150) of the
cell bottom (102) has a slope of 0 to 25 degrees along the fall line from the first sidewall to the
second upper surface. In some embodiments, the first upper surface (150) of the cell bottom (102)
has a slope of 0 to 20 degrees along the fall line from the first sidewall to the second upper surface.
In some embodiments, the first upper surface (150) of the cell bottom (102) has a slope of 0 to 15
degrees along the fall line from the first sidewall to the second upper surface. In some
embodiments, the first upper surface (150) of the cell bottom (102) has a slope of 0 to 10 degrees
along the fall line from the first sidewall to the second upper surface. In some embodiments, the
first upper surface (150) of the cell bottom (102) has a slope of 0 to 9 degrees along the fall line
from the first sidewall to the second upper surface. In some embodiments, the first upper surface
(150) of the cell bottom (102) has a slope of 0 to 8 degrees along the fall line from the first sidewall
to the second upper surface. In some embodiments, the first upper surface (150) of the cell bottom
(102) has a slope of 0 to 7 degrees along the fall line from the first sidewall to the second upper
surface. In some embodiments, the first upper surface (150) of the cell bottom (102) has a slope
of 0 to 6 degrees along the fall line from the first sidewall to the second upper surface. In some
embodiments, the first upper surface (150) of the cell bottom (102) has a slope of 0 to 5 degrees

along the fall line from the first sidewall to the second upper surface. In some embodiments, the
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first upper surface (150) of the cell bottom (102) has a slope of 0 to 4 degrees along the fall line
from the first sidewall to the second upper surface. In some embodiments, the first upper surface
(150) of the cell bottom (102) has a slope of 0 to 3 degrees along the fall line from the first sidewall
to the second upper surface. In some embodiments, the first upper surface (150) of the cell bottom
(102) has a slope of 0 to 2 degrees along the fall line from the first sidewall to the second upper
surface. In some embodiments, the first upper surface (150) of the cell bottom (102) has a slope
of 0 to 1 degrees along the fall line from the first sidewall to the second upper surface.

[00053] In some embodiments, the first upper surface (150) of the cell bottom (102) has a
slope of 0.5 to 50 degrees along the fall line from the first sidewall to the second upper surface. In
some embodiments, the first upper surface (150) of the cell bottom (102) has a slope of 0.5 to 40
degrees along the fall line from the first sidewall to the second upper surface. In some
embodiments, the first upper surface (150) of the cell bottom (102) has a slope of 0.5 to 30 degrees
along the fall line from the first sidewall to the second upper surface. In some embodiments, the
first upper surface (150) of the cell bottom (102) has a slope of 0.5 to 20 degrees along the fall line
from the first sidewall to the second upper surface. In some embodiments, the first upper surface
(150) of the cell bottom (102) has a slope of 0.5 to 15 degrees along the fall line from the first
sidewall to the second upper surface. In some embodiments, the first upper surface (150) of the
cell bottom (102) has a slope of 0.5 to 10 degrees along the fall line from the first sidewall to the
second upper surface. In some embodiments, the first upper surface (150) of the cell bottom (102)
has a slope of 0.5 to 8 degrees along the fall line from the first sidewall to the second upper surface.
In some embodiments, the first upper surface (150) of the cell bottom (102) has a slope of 0.5 to 6
degrees along the fall line from the first sidewall to the second upper surface. In some

embodiments, the first upper surface (150) of the cell bottom (102) has a slope of 0.5 to 5 degrees
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along the fall line from the first sidewall to the second upper surface. In some embodiments, the
first upper surface (150) of the cell bottom (102) has a slope of 0.5 to 4 degrees along the fall line
from the first sidewall to the second upper surface. In some embodiments, the first upper surface
(150) of the cell bottom (102) has a slope of 0.5 to 3 degrees along the fall line from the first
sidewall to the second upper surface. In some embodiments, the first upper surface (150) of the
cell bottom (102) has a slope of 0.5 to 2 degrees along the fall line from the first sidewall to the
second upper surface.

[00054] In some embodiments, the first upper surface (150) of the cell bottom (102) has a
slope of 1 to 10 degrees along the fall line from the first sidewall to the second upper surface. In
some embodiments, the first upper surface (150) of the cell bottom (102) has a slope of 1.5 to 8
degrees along the fall line from the first sidewall to the second upper surface. In some
embodiments, the first upper surface (150) of the cell bottom (102) has a slope of 2 to 6 degrees
along the fall line from the first sidewall to the second upper surface. In some embodiments, the
first upper surface (150) of the cell bottom (102) has a slope of 3 to 5 degrees along the fall line
from the first sidewall to the second upper surface.

[00055] In some embodiments, the second upper surface (151) of the cell bottom (102) has
a slope of 0 to 60 degrees along the fall line from the second sidewall to the channel (106). In
some embodiments, the second upper surface (151) of the cell bottom (102) has a slope of 0 to 45
degrees along the fall line from the second sidewall to the channel (106). In some embodiments,
the second upper surface (151) of the cell bottom (102) has a slope of 0 to 40 degrees along the
fall line from the second sidewall to the channel (106). In some embodiments, the second upper
surface (151) of the cell bottom (102) has a slope of 0 to 35 degrees along the fall line from the

second sidewall to the channel (106). In some embodiments, the second upper surface (151) of
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the cell bottom (102) has a slope of 0 to 30 degrees along the fall line from the second sidewall to
the channel (106). In some embodiments, the second upper surface (151) of the cell bottom (102)
has a slope of 0 to 25 degrees along the fall line from the second sidewall to the channel (106). In
some embodiments, the second upper surface (151) of the cell bottom (102) has a slope of 0 to 20
degrees along the fall line from the second sidewall to the channel (106). In some embodiments,
the second upper surface (151) of the cell bottom (102) has a slope of 0 to 15 degrees along the
fall line from the second sidewall to the channel (106). In some embodiments, the second upper
surface (151) of the cell bottom (102) has a slope of 0 to 10 degrees along the fall line from the
second sidewall to the channel (106). In some embodiments, the second upper surface (151) of
the cell bottom (102) has a slope of 0 to 9 degrees along the fall line from the second sidewall to
the channel (106). In some embodiments, the second upper surface (151) of the cell bottom (102)
has a slope of 0 to 8 degrees along the fall line from the second sidewall to the channel (106). In
some embodiments, the second upper surface (151) of the cell bottom (102) has a slope of 0 to 7
degrees along the fall line from the second sidewall to the channel (106). In some embodiments,
the second upper surface (151) of the cell bottom (102) has a slope of 0 to 6 degrees along the fall
line from the second sidewall to the channel (106). In some embodiments, the second upper
surface (151) of the cell bottom (102) has a slope of 0 to 5 degrees along the fall line from the
second sidewall to the channel (106). In some embodiments, the second upper surface (151) of
the cell bottom (102) has a slope of 0 to 4 degrees along the fall line from the second sidewall to
the channel (106). In some embodiments, the second upper surface (151) of the cell bottom (102)
has a slope of 0 to 3 degrees along the fall line from the second sidewall to the channel (106). In
some embodiments, the second upper surface (151) of the cell bottom (102) has a slope of 0 to 2

degrees along the fall line from the second sidewall to the channel (106). In some embodiments,
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the second upper surface (151) of the cell bottom (102) has a slope of 0 to 1 degrees along the fall
line from the second sidewall to the channel (106).

[00056] In some embodiments, the second upper surface (151) of the cell bottom (102) has
a slope of 0.5 to 50 degrees along the fall line from the second sidewall to the channel (106). In
some embodiments, the second upper surface (151) of the cell bottom (102) has a slope of 0.5 to
40 degrees along the fall line from the second sidewall to the channel (106). In some embodiments,
the second upper surface (151) of the cell bottom (102) has a slope of 0.5 to 30 degrees along the
fall line from the second sidewall to the channel (106). In some embodiments, the second upper
surface (151) of the cell bottom (102) has a slope of 0.5 to 20 degrees along the fall line from the
second sidewall to the channel (106). In some embodiments, the second upper surface (151) of
the cell bottom (102) has a slope of 0.5 to 15 degrees along the fall line from the second sidewall
to the channel (106). In some embodiments, the second upper surface (151) of the cell bottom
(102) has a slope of 0.5 to 10 degrees along the fall line from the second sidewall to the channel
(106). In some embodiments, the second upper surface (151) of the cell bottom (102) has a slope
of 0.5 to 8 degrees along the fall line from the second sidewall to the channel (106). In some
embodiments, the second upper surface (151) of the cell bottom (102) has a slope of 0.5 to 6
degrees along the fall line from the second sidewall to the channel (106). In some embodiments,
the second upper surface (151) of the cell bottom (102) has a slope of 0.5 to 5 degrees along the
fall line from the second sidewall to the channel (106). In some embodiments, the second upper
surface (151) of the cell bottom (102) has a slope of 0.5 to 4 degrees along the fall line from the
second sidewall to the channel (106). In some embodiments, the second upper surface (151) of

the cell bottom (102) has a slope of 0.5 to 3 degrees along the fall line from the second sidewall to
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the channel (106). In some embodiments, the second upper surface (151) of the cell bottom (102)
has a slope of 0.5 to 2 degrees along the fall line from the second sidewall to the channel (106).
[00057] In some embodiments, the second upper surface (151) of the cell bottom (102) has
a slope of 1 to 10 degrees along the fall line from the second sidewall to the channel (106). In
some embodiments, the second upper surface (151) of the cell bottom (102) has a slope of 1.5 to
8 degrees along the fall line from the second sidewall to the channel (106). In some embodiments,
the second upper surface (151) of the cell bottom (102) has a slope of 2 to 6 degrees along the fall
line from the second sidewall to the channel (106). In some embodiments, the second upper
surface (151) of the cell bottom (102) has a slope of 3 to 5 degrees along the fall line from the
second sidewall to the channel (106).

[00058] In some embodiments, the channel (106) has a slope of 0 to 15 degrees along the
fall line from the first endwall to the second endwall. In some embodiments, the channel (106)
has a slope of 0 to 12 degrees along the fall line from the first endwall to the second endwall. In
some embodiments, the channel (106) has a slope of 0 to 10 degrees along the fall line from the
first endwall to the second endwall. In some embodiments, the channel (106) has a slope of 0 to
8 degrees along the fall line from the first endwall to the second endwall. In some embodiments,
the channel (106) has a slope of 0 to 6 degrees along the fall line from the first endwall to the
second endwall. In some embodiments, the channel (106) has a slope of 0 to 5 degrees along the
fall line from the first endwall to the second endwall. In some embodiments, the channel (106)
has a slope of 0 to 4 degrees along the fall line from the first endwall to the second endwall. In
some embodiments, the channel (106) has a slope of 0 to 3 degrees along the fall line from the first
endwall to the second endwall. In some embodiments, the channel (106) has a slope of 0 to 2

degrees along the fall line from the first endwall to the second endwall.
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[00059] In some embodiments, the channel (106) has a slope of 0.5 to 9 degrees along the
fall line from the first endwall to the second endwall. In some embodiments, the channel (106)
has a slope of 0.5 to 8 degrees along the fall line from the first endwall to the second endwall. In
some embodiments, the channel (106) has a slope of 0.5 to 7 degrees along the fall line from the
first endwall to the second endwall. In some embodiments, the channel (106) has a slope of 0.5 to
6 degrees along the fall line from the first endwall to the second endwall. In some embodiments,
the channel (106) has a slope of 0.5 to 5 degrees along the fall line from the first endwall to the
second endwall. In some embodiments, the channel (106) has a slope of 0.5 to 4 degrees along
the fall line from the first endwall to the second endwall. In some embodiments, the channel (106)
has a slope of 0.5 to 3 degrees along the fall line from the first endwall to the second endwall. In
some embodiments, the channel (106) has a slope of 0.5 to 2 degrees along the fall line from the
first endwall to the second endwall. In some embodiments, the channel (106) has a slope of 0.5 to
1 degrees along the fall line from the first endwall to the second endwall.

[00060] In some embodiments, the channel (106) has a slope of 1 to 5 degrees along the fall
line from the first endwall to the second endwall. In some embodiments, the channel (106) has a
slope of 1 to 4 degrees along the fall line from the first endwall to the second endwall. In some
embodiments, the channel (106) has a slope of 1 to 3 degrees along the fall line from the first
endwall to the second endwall.

[00061] In some embodiments, the channel (106) has a slope of 2 to 5 degrees along the fall
line from the first endwall to the second endwall. In some embodiments, the channel (106) has a
slope of 2 to 4 degrees along the fall line from the first endwall to the second endwall. In some
embodiments, the channel (106) has a slope of 2 to 3 degrees along the fall line from the first

endwall to the second endwall.
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[00062] In some embodiments, the aluminum electrolysis cell (100) further comprises at
least one anode module (120) and at least one cathode module (130). In some embodiments, the
cathode module (130) comprises a plurality of vertical cathodes (108). In some embodiments, the
plurality of vertical cathodes (108) are completely submerged in the electrolyte. In some
embodiments, the plurality of vertical cathodes (108) extends upward from the cell bottom (102).
In some embodiments, each of the plurality of vertical cathodes have a cathode outer surface (110).
In some embodiments, each cathode outer surface may be aluminum-wettable (i.e., comprised of
aluminum-wettable materials). In some embodiments, the vertical cathodes may have a generally
rectangular shape such that each cathode has a second long horizontal axis and a second short
horizontal axis. For example, in some embodiments, the vertical cathodes may have a horizontal
aspect ratio of 10:1 to 100:1 (width:length). In some embodiments, the vertical cathodes (108)
may be oriented such the long horizontal axis is approximately parallel to the fall line of the upper
surface from which it extends.

[00063] As mentioned above, in some embodiments, the vertical cathodes may have a
horizontal aspectratio of 10:1 to 100:1 (width:length). In some embodiments, the vertical cathodes
may have a horizontal aspect ratio of 10:1 to 90:1 (width:length). In some embodiments, the
vertical cathodes may have a horizontal aspect ratio of 10:1 to 80:1 (width:length). In some
embodiments, the vertical cathodes may have a horizontal aspect ratio of 10:1 to 70:1
(width:length). In some embodiments, the vertical cathodes may have a horizontal aspect ratio of
10:1 to 60:1 (width:length). In some embodiments, the vertical cathodes may have a horizontal
aspect ratio of 10:1 to 50:1 (width:length). In some embodiments, the vertical cathodes may have

a horizontal aspect ratio of 10:1 to 40:1 (width:length). In some embodiments, the vertical
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cathodes may have a horizontal aspect ratio of 10:1 to 30:1 (width:length). In some embodiments,
the vertical cathodes may have a horizontal aspect ratio of 10:1 to 20:1 (width:length).

[00064] In some embodiments, the vertical cathodes may have a horizontal aspect ratio of
20:1 to 100:1 (width:length). In some embodiments, the vertical cathodes may have a horizontal
aspectratio of 30:1 to 100:1 (width:length). In some embodiments, the vertical cathodes may have
a horizontal aspect ratio of 40:1 to 100:1 (width:length). In some embodiments, the vertical
cathodes may have a horizontal aspectratio of 50:1 to 100:1 (width:length). In some embodiments,
the vertical cathodes may have a horizontal aspect ratio of 60:1 to 100:1 (width:length). In some
embodiments, the vertical cathodes may have a horizontal aspect ratio of 70:1 to 100:1
(width:length). In some embodiments, the vertical cathodes may have a horizontal aspect ratio of
80:1 to 100:1 (width:length). In some embodiments, the vertical cathodes may have a horizontal
aspect ratio of 90:1 to 100:1 (width:length).

[00065] In some embodiments, the aluminum electrolysis cell (100) may comprise at least
one cathode block (112) located below the upper surface. In some embodiments, the cathode block
(112) may be in electrical communication with the plurality of vertical cathodes (108). In some
embodiments, the cathode block (112) may be integral with the bottom (102) of the aluminum
electrolysis cell (100). In some embodiments, the cathode block (112) may be formed as a separate
component from the bottom (102) of the aluminum electrolysis cell (100). In some embodiments,
during operation of the aluminum electrolysis cell (100), current may flow from the plurality of
vertical cathodes (108) into the cathode block (112) and out of the aluminum electrolysis cell
(100).

[00066] In some embodiments, the aluminum electrolysis cell (100) may comprise at least

one anode module (120). In some embodiments, the anode module (120) includes an anode
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support (122), a plurality of vertical anodes (124) and an anode rod (126). In some embodiments,
the anode is an inert anode. Some non-limiting examples of inert anode compositions include:
ceramic, metallic, cermet, and/or combinations thereof. Some non-limiting examples of inert
anode compositions are provided in U.S. Pat. Nos. 4,374,050, 4,374,761, 4,399,008, 4,455,211,
4,582,585, 4,584,172, 4,620,905, 5,279,715, 5,794,112 and 5,865,980, assigned to the assignee of
the present application. In some embodiments, the anode is an oxygen-evolving electrode. An
oxygen-evolving electrode is an electrode that produces oxygen during electrolysis. In some
embodiments, the cathode is a wettable cathode. In some embodiments, aluminum wettable
materials are materials having a contact angle with molten aluminum of not greater than 90 degrees
in the molten electrolyte. Some non-limiting examples of wettable materials may comprise one or
more of TiB2, ZrB,, HfB», StB», carbonaceous materials, and combinations thereof.

[00067] In some embodiments, the plurality of vertical anodes (124) extends downward
from the anode support (122) such that the vertical anodes (124) are interleaved with the vertical
cathodes (108). In some embodiments, the plurality of vertical anodes (124) may comprise TiBa,
Z1B, HfB», S1B», carbonaceous materials, and combinations thereof. In some embodiments, the
anode rod is in electrical communication with the plurality of vertical anodes. In some
embodiments, the anode rod (126) is configured to connect to an external power source to supply
current to the electrolysis cell. In some embodiments, the anode module (120) may be adjusted
vertically up or down. In this regard, in some embodiments, the overlap of the vertical anodes
(124) with the vertical cathodes (108) may be adjusted by moving the anode module (120) up or
down.

[00068] In some embodiments, the anode module (120) is suspended above the cathode

module (130). In some embodiments, the cathode module (130) is fixedly coupled to the bottom
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of the aluminum electrolysis cell (100). In some embodiments, the vertical cathodes (108) are
supported in a cathode support, which rests in a cell reservoir (132). The cell reservoir (132) is
capable of retaining a bath of molten electrolyte. In some embodiments, the anode module (120)
can be raised and lowered in height relative to the position of the cathode module (130).

[00069] The opposed, vertically oriented electrodes 108, 124 permit the gaseous phases
(0O2), generated proximal thereto to detach therefrom and physically disassociate from the
anode 124 due to the buoyancy of the Oz gas bubbles in the molten salt electrolyte. Since the
bubbles are free to escape from the surfaces of the anode 124 they do not build up on the anode
surfaces to form an electrically insulative/resistive layer allowing the build-up of electrical
potential, resulting in high resistance and, high energy consumption. The anodes 124 may be
arranged in rows or columns with or without a side-to side clearance or gap between them to create
a channel that enhances molten electrolyte movement, thereby improving mass transport and
allowing dissolved alumina to reach the surfaces of the anode module 120.

[00070] In some embodiments, a method of using the present invention includes supplying
an electric current to the plurality of vertical anodes and passing the electric current through a
electrolyte contained in the aluminum electrolysis cell, wherein the solution comprises Al2Os3
dissolved in at least one electrolyte. In some embodiments, the method includes receiving the
electric current via the plurality of vertical cathodes and a bottom cathode, and producing, due to
the passing step, liquid aluminum from the ALO; at the cathode outer surfaces. In some
embodiments, the liquid aluminum produced at the cathode outer surfaces has a density that is
higher than the density of the electrolyte. Thus, in some embodiments, the liquid aluminum flows,
via gravity, from the cathode outer surfaces across the upper surface of the cell bottom and into

the channel, thereby creating a flowing layer of liquid aluminum over the upper surface.
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[00071] As described above, in some embodiments, the channel may be sloped into a sump
(128). Thus, in some embodiments, the method may include collecting the liquid aluminum in the
sump (128). In some embodiments, the method may also include removing at least some of the
liquid aluminum from the sump (128). In some embodiments, the removing step may occur
periodically during the operation of the aluminum electrolysis cell. In some embodiments, the
removing step may occur on an essentially continuous basis during the operation of the aluminum
electrolysis cell.

[00072] As described above, in some embodiments, the anode module (120) may be
adjusted vertically up or down, thereby controlling the overlap of the vertical anodes (124) with
the vertical cathodes (108). In some embodiments the electrical resistance between the vertical
anodes (124) and the vertical cathodes (108) may depend, at least in part, on the overlap. In some
embodiments, flow of current between the vertical anodes (124) and the vertical cathodes (108)
may produce heat within the cell. In some embodiment, the amount of heat produced may depend,
at least in part, on the electrical resistance between the vertical anodes (124) and the vertical
cathodes (108). Thus, by vertically adjusting the anode module (120) up and/or down with respect
to the vertical cathodes (108), the temperature of the solution contained in the aluminum
electrolysis cell may be controlled.

[00073] While a number of embodiments of the present invention have been described, it is
understood that these embodiments are illustrative only, and not restrictive, and that many
modifications may become apparent to those of ordinary skill in the art. Further still, the various
steps may be carried out in any desired order (and any desired steps may be added and/or any

desired steps may be eliminated).
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We Claim:
1. An electrolytic cell, comprising:

a cell reservoir configured to retain a bath of molten electrolyte disposed within the cell
TesServoir;

at least one anode module having a plurality of vertical anodes extending downward from
an anode support and configured to be moved up and down in the cell reservoir, wherein each of
the plurality of vertical anodes is an oxygen-evolving electrode;

at least one cathode module located in the cell reservoir opposing the at least one anode
module, wherein the at least one cathode module comprises a plurality of vertical cathodes
configured to interleave with the plurality of vertical anodes when the at least one anode module
is located in the cell reservoir,

wherein each of the plurality of vertical anodes and each of the plurality of vertical
cathodes have surfaces thereon that are vertically oriented and spaced one from another,
wherein the vertical cathodes are wettable by molten aluminum;

and

a cell bottom of the cell reservoir for supporting the at least one cathode module, wherein
each of the vertical cathodes of the at least one cathode module is electrically coupled to the cell
bottom;

wherein the cell bottom comprising aluminum wettable material,

wherein the cell bottom comprises an upper surface defining a first part of the upper
surface, a second part of the upper surface, and a channel,

wherein the plurality of vertical cathodes extends upward from the first and second parts

of the upper surface,
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wherein the plurality of vertical cathodes are configured to be completely submerged into
the bath of molten electrolyte,

wherein at least one cathode block is located below the plurality of vertical cathodes,

wherein the first and second parts of the upper surface of the cell bottom are configured to
direct via gravity substantially all of the liquid aluminum produced in the electrolytic cell to the
channel, and

wherein the channel comprises aluminum wettable material and is configured to receive

liquid aluminum from the first and second parts of the upper surface.

2. The electrolytic cell of claim 1, wherein the channel is located between the first and second

parts of the upper surface.

3. The electrolytic cell of claim 2, wherein the channel is located equidistant from a first

sidewall and a second sidewall of the electrolytic cell.

4. The electrolytic cell of claim 3, further comprising a trough located proximate at least one

of the first sidewall or the second sidewall of the electrolytic cell.

5. The electrolytic cell of claim 1, wherein the first part of the upper surface is sloped from a
vertical cathode surface to the second part of the upper surface, and wherein the second part of the

upper surface is sloped from a sidewall of the electrolysis cell toward the channel.

6. The electrolytic cell of claim 5, wherein the first and second parts of the upper surface are

sloped from the sidewalls of the electrolytic cell to the channel.
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7. The electrolytic cell of claim 5, wherein the first part of the upper surface comprises a first
fall line extending from the surface of the vertical cathode toward the second part of the upper

surface.

8. The electrolytic cell of claim 7, wherein the first part of the upper surface has a slope of 0
to 60 degrees along the first fall line from the surface of the vertical cathode to the second part of

the upper surface.

9. The electrolytic cell of claim 8, wherein the second part of the upper surface comprises a

second fall line extending from the sidewall toward the channel.

10.  The electrolytic cell of claim 9, wherein the second part of the upper surface has a slope of

0 to 60 degrees along the second fall line from the sidewall to the channel.

11.  The electrolytic cell of claim 9 or 10, wherein the channel has a slope of 0 to 15 degrees

along a third fall line from a first endwall to a second endwall of the electrolytic cell.

12.  The electrolytic cell of any one of claims 1 to 11, wherein the aluminum wettable material

of the cell bottom is at least one of TiB», ZrB>, HfB2, StB», or combinations thereof.

13.  The electrolytic cell of any one of claims 1 to 12, wherein the aluminum wettable material

of the channel is at least one of TiB2, ZrB>, HfB>, SrB2, or combinations thereof.
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14.  The electrolytic cell of any one of claims 1 to 13, further comprising a sump proximate a

low point of the channel.

15. A method for producing aluminum metal by the electrochemical reduction of alumina,
comprising:

supplying an electric current to the electrolytic cell as claimed in any one of claims 1 to 14;

passing the electric current through the bath of molten electrolyte contained in the cell
reservoir of the aluminum electrolysis cell;

receiving the electric current via the plurality of vertical cathodes;

producing liquid aluminum at outer surfaces of the cathodes, wherein the liquid aluminum
flows via gravity from the outer surfaces of the cathodes, across the first and second parts of the
upper surface and into the channel, thereby creating a flowing layer of liquid aluminum over the
parts of the upper surface, and

collecting the liquid aluminum from the channel.

16. The method of claim 15, wherein collecting the liquid aluminum includes removing at least

some of the liquid aluminum from a sump proximate a low point of the channel.

17.  The method of claim 15 or 16, wherein collecting the liquid aluminum includes removing

the liquid aluminum periodically during the operation of the aluminum electrolysis cell.

18.  The method of claim 15 or 16, wherein collecting the liquid aluminum includes removing
the liquid aluminum essentially continuously during the operation of the aluminum electrolysis

cell.

25

Date Regue/Date Received 2022-06-13



WO 2018/009862

CA 03030330 2019-01-08

1/7

PCT/US2017/041188

100

D7 NLLIPEVIN

SRR RN

’ o
AT AR e T

132

e,

Figure 1A

SUBSTITUTE SHEET (RULE 26)




CA 03030330 2019-01-08

WO 2018/009862 PCT/US2017/041188
2/7
o
X
\ .?
|
|
ek £ as)
v o "*
{3 § A o
N P, 5
S ot 20

SUBSTITUTE SHEET (RULE 26)



CA 03030330 2019-01-08

WO 2018/009862 PCT/US2017/041188
3/7

100

130

* o
_— Sokleg
vt o

Figure 1C

SUBSTITUTE SHEET (RULE 26)



CA 03030330 2019-01-08

WO 2018/009862 PCT/US2017/041188
4/7
=
w\ i\\‘
o,
.
\ §
o
| Y ‘;"j
‘."“'y
e od 4 o
f g o A .
b ‘ =
s 86
[
N
A
| ~
| i

SUBSTITUTE SHEET (RULE 26)



CA 03030330 2019-01-08

PCT/US2017/041188

WO 2018/009862

57

AT oMby

Gt
A~ £
<3 £
i, "
]
» 8 .
0§ 1 e MH _
.1\\-\-\\ o a4 .
T mw.w, e
] o |
B0~ B
P
\\\\. e
QUL T
SN
b e,
/./ 7 yd J.\\u

e

SUBSTITUTE SHEET (RULE 26)



CA 03030330 2019-01-08

WO 2018/009862 PCT/US2017/041188
6/7

100

Figure 11

SUBSTITUTE SHEET (RULE 26)



“1

/

PCT/US2017/041188

g7 2mndig VT 2ansig

T ——

// Lw/ N ,f-ﬁf.
/

\,

N \\\“‘4\1‘

.;// Sy /x // S

~\\\\\%

CA 03030330 2019-01-08
7/7
NSNS

N

WO 2018/009862

/

/

o/
\\\\>\\\y

/

NN

L
DO

¥
\ I
o0
<
Ll

\

201

o« J—
‘ —
N\

QM
18l

SUBSTITUTE SHEET (RULE 26)



100

132

SN

%.«




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - CLAIMS
	Page 25 - CLAIMS
	Page 26 - CLAIMS
	Page 27 - CLAIMS
	Page 28 - DRAWINGS
	Page 29 - DRAWINGS
	Page 30 - DRAWINGS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - REPRESENTATIVE_DRAWING

