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SIDEWALL TEMPERATURE CONTROL
SYSTEMS AND METHODS AND IMPROVED
ELECTROLYSIS CELLS RELATING TO
SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to U.S. Provisional
Application No. 60/820,219, filed Jul. 24, 2006, entitled
“SIDEWALL TEMPERATURE CONTROL SYSTEMS
AND METHODS AND IMPROVED ELECTROLYSIS
CELLS RELATING TO SAME”, which 1s incorporated
herein by reference 1n 1ts entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to sidewall tempera-
ture control systems useful 1n electrolysis cells and associ-
ated methods for controlling the temperature of sidewalls 1n
clectrolysis cells. More particularly, the present imnvention
relates to systems and methods for providing controlled flow
of one or more coolants to the sidewalls of an electrolysis
cell. The present invention also relates to improved elec-
trolysis cells that may be utilized with such systems and
methods.

BACKGROUND OF THE INVENTION

[0003] A number of metals, including aluminum, lead,
magnesium, zinc, zirconium, titanium, and silicon, can be
produced by electrolytic processes. One example of an
clectrolytic process for metal production 1s the well-known
Hall-Heroult process, in which alumina dissolved 1n a mol-
ten fluoride bath 1s electrolyzed at temperatures of about
900° C.-1000° C. to produce aluminum.

[0004] Traditional electrolytic cells include an outer con-
tainment shell and a sidewall lining designed to facilitate
heat tlow through the cell. During normal operation of the
cell, a ledge of frozen liquid forms on this sidewall (e.g., a
ledge of frozen cryolite 1n the case of aluminum electrolysis
cells). The profile of this ledge plays an important role 1n the
operation of the cell. If the ledge 1s too thin, the bath may
attack the sidewalls of the tank, which may lead to failure of
the cell. It the ledge 1s too thick, unstable cell operation may
be witnessed. The ledge profile (e.g., the ledge thickness and
extension under the anode) influences both the horizontal
current and hydrodynamic behavior of the metal pad. Proper
control of the ledge dynamic may assure electromagnetic
stability of the cell.

[0005] Traditional aluminum electrolysis cells have been
cooled via, for example, natural convention. Natural con-
vection 1s undesirable 1n that, for instance, 1t 1s not control-
lable and thus proves diflicult to maintain ledge stability,
wastes energy and may lead to an unpleasant working
environment.

[0006] Attempts have been made to try and control ledge
stability using various systems. For example, many electro-
lytic cells employ a simple piping system within the side-
walls, wherein a coolant, such as air or helium, can be

pumped through the pipes to facilitate controlled cooling of
the sidewalls. U.S. Pat. No. 4,222,841 to Miller, U.S. Pat.

No. 4,608,134 to Brown, U.S. Pat. No. 4,749,463 to Hol-
men, U.S. Pat. No. 4,865,701 to Beck et al., and U.S. Pat.
No. 6,866,768 to Bradiord et al. illustrate various examples
of such cooling systems.
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[0007] In another approach, phase-change materials may
be utilized to {facilitate cooling of sidewalls within the
clectrolytic cell. For example, U.S. Pat. No. 6,811,677 to
Aune et al. discloses an electrolytic cell that includes a wall
having an evaporative cooled panel. Aune et al. disclose that
the evaporation cooled panels may contain a first panel,
which contains a first cooling medium having a boiling point
of between 850° C. and 9350° C., and a second panel
containing a second cooling medium, which acts to con-
dense the evaporated first cooling medium. Aune et al.
disclose that the second cooling medium may be pumped
through the cell to a heat exchanger where the second
cooling medium may be cooled with a third cooling
medium.

[0008] As may be appreciated, there are several draw-
backs to the above-described approaches. Primarily, many of
such approaches are ineflicient at maintaining a desired
ledge profile, resulting in 1neflicient cell operation. There-
fore, 1t 1s believed that none of the above-described systems
have achieved commercial success. There exists a need for
systems, apparatus and methods that can effectively main-
tain desired ledge profiles within an electrolytic cell.

SUMMARY OF THE INVENTION

[0009] In view of the foregoing, a broad objective of the
present 1nvention 1s to provide apparatus, systems and
methods adapted to maintain the profile of the ledge that
forms during operations of an electrolytic cell. In addressing
this objective, the present inventors have recogmized that
controlled cooling of various portions of the sidewalls of an
clectrolytic cell will facilitate the maintenance of the ledge
profile. The present inventors have also recognized that
dynamic and selective cooling of differing portions of the
sidewall (e.g., cooling certain portions of the sidewall at a
different rate than other portions of the sidewall) may
facilitate the maintenance of the desired ledge profile.

[0010] More particularly, the present inventors have rec-
ognized that a plurality of flmd discharge devices may be
utilized 1 conjunction with a sidewall and outer shell
arrangement to selectively provide coolant to the sidewall.
The present inventors have recognized that such an arrange-
ment allows for the selective cooling of various portions of

the sidewall, which facilitates ledge maintenance and pro-
file.

[0011] In one aspect of the invention, an electrolysis cell
1s provided, the electrolysis cell having an outer shell, an
internal sidewall proximal the outer shell and being spaced
therefrom, thereby defining a gap between the sidewall and
the outer shell, and a plurality of fluid discharge devices
interconnected about the outer shell. The fluid discharge
devices are generally adapted to discharge coolant towards
at least a portion of the sidewall and at least one of the fluid
discharge devices extends from the outer shell towards the
sidewall. In one approach, at least one of the plurality of
fluid discharge devices extends at least partially into the gap
between the sidewall and the outer shell. In a particular
embodiment, at least one of the fluid discharge devices 1s
configured to discharge coolant at a selected trajectory, such
as at a trajectory that 1s transverse to the inlet trajectory. In
this regard, one or more of the plurality of fluid discharge
devices may comprise a fingerlike shape. The fluid discharge
devices may also be moveable to change the discharge
trajectory of the coolant. In one embodiment, at least one of
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the fluid discharge devices is rotatable about an axis (e.g., a
center axis) to facilitate the selected discharge trajectory.

[0012] The plurality of fluud discharge devices may
include a first set of fluid discharge devices and a second set
of fluid discharge devices, wherein the first set 1s disposed
coincidental with a first plane, and wherein the second set 1s
disposed coincidental with a second plane. Thus, the first set
and second set of fluid discharge devices may be horizon-
tally and/or vertically offset from one another. In this regard,
the first and second planes may be substantially horizontal
planes, may be substantially vertical planes and/or may not
intersect.

[0013] The fluid discharge devices may be any devices
adapted to facilitate the discharge of coolant therefrom. For
instance, the fluid discharge devices may include one or
more of a nozzle, a jet, a pipe, and mixtures thereof. In one
embodiment, the fluid discharge devices are all nozzles. In
another embodiment, the fluid discharge devices are all jets.

[0014] As noted, the electrolysis cell includes an outer
shell and a sidewall. The outer shell and/or the sidewall may
comprise tailored layers to facilitate more etlicient operation
of the electrolysis cell. For example, the outer shell may
include one or more of a containment layer and an insulative
layer. The containment layer 1s generally the outermost layer
of the outer shell. The containment layer may be intercon-
nected to the msulative layer and the containment layer may
comprise a material adapted to contain molten materials.
The insulative layer 1s generally disposed proximal the gap
between the outer shell and sidewall, and thus the insulative
layer restricts thermal communication between the sidewall
and the outer shell. Hence, a substantial temperature difler-
ence between the sidewall and outer shell may be witnessed.
Additionally, the exterior surface temperature of the outer
shell may be sigmificantly reduced relative to traditional
clectrolysis cells, which may provide a safer and more
environmentally friendly working environment.

[0015] The sidewall of the mnventive electrolysis cell may
include at least one of a thermally conductive layer and a
containment layer. The thermally conductive layer 1s gen-
erally disposed proximal the gap between the sidewall and
the outer shell and comprises a thermally conductive mate-
rial (e.g., a metal). The contamnment layer i1s generally
disposed proximal the bath of the electrolysis cell and
comprises a material adapted to contain molten materials

during operation of the electrolysis cell, such as a refractory
materal.

[0016] In another aspect, an inventive electrolysis cell
coolant system 1s provided, the system including an elec-
trolysis cell, such as previously described, and a controller
interconnected to one or more components of the electroly-
s1s cell. The controller may be interconnected (e.g., electri-
cally interconnected) to one or more sensory devices, one or
more valves, and/or one or more of the fluid discharge
devices, and the controller may be operable to control a
coolant discharge parameter. In one approach, the coolant
discharge parameter 1s a fluid discharge rate, wherein the
controller 1s operable to control the flmd discharge rate of
one of more of the plurality of fluid discharge devices. In one
embodiment, the controller may recerve signals from one or
more sensory devices (e.g., one or more of a temperature
sensor, a tlow rate sensor, and/or a heat tlux sensor) and the
controller may send a signal to one or more valves to control
the tlow rate of coolant to the plurality of fluid discharge
devices. In a related approach, the coolant discharge param-
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cter 1s a fluid discharge direction (1.e., trajectory), wherein
the controller 1s operable to control the flmd discharge
direction of one or more of the plurality of tfluid discharge
devices. In one embodiment, the controller may receive
signals from one or more sensory devices and send a signal
to one ol more of the flmd discharge devices, or a moveable
device interconnected therewith, to move one of more of the
fluid discharge devices, and thus change the fluid discharge
direction.

[0017] The mnventive system may include other features.
For example, an inlet manifold may be fluidly intercon-
nected to the fluid discharge devices and an outlet manifold
may be fluidly interconnected to the gap between the side-
wall and the outer shell. The inlet manifold may be inter-
connectable to a coolant supply and the outer shell may
include passageways, itegral therewith, that interconnect
the inlet manifold to the plurality of fluid discharge devices.
The plurality of passageways may extend partially or com-
pletely through the outer shell to interconnect the inlet
mamifold to the plurality of fluud discharge devices. The
outlet manifold may also be interconnectable to at least one
of a coolant disposal system and/or a coolant reclamation
system (e.g., a heat exchanger). In this regard, an outlet
passageway may be included in the outer shell to fluidly
interconnect the gap with the outlet manifold. In one
approach, a plurality of outlet passageways may be utilized
to interconnect the gap with the outlet manifold. In another
approach, the outer shell may simply include an exit pas-
sageway that allows fluid within the gap to exit the gap
without the use of an outlet manifold.

[0018] In another aspect of the present invention, an
inventive method for cooling an electrolysis cell 1s provided.
The method generally includes the steps of passing coolant
through a flmd discharge device and contacting at least a
portion of a sidewall of the electrolysis cell with the coolant.
The method may include the step of discharging the coolant
through at least one fluid discharge device at a selected
discharge trajectory/direction. For 1nstance, the coolant may
be discharged from the outlet of the fluid discharge device
at a trajectory that is transverse to the inlet trajectory of the
coolant entering the inlet of the fluid discharge device. The
method may also 1include the step of changing the discharge
trajectory, such as by moving the fluid discharge device. In
one embodiment, the fluid discharge device is rotated about
an axis to change the fluid discharge trajectory/direction. To
tacilitate the changing step, the method may include the step
of sending a signal from a controller, such as previously
described, to the flmd discharge device. The method may
also include the steps of measuring an operation parameter
of the electrolysis cell and completing an action (e.g., a
predetermined response) 1n response to the measuring step.
For 1instance, the controller may measure an operation
parameter, such as via a sensory device, and either change a
coolant tlow rate or change a position of a fluid discharge
device.

[0019] These and other aspects, advantages, and novel
features of the invention are set forth in part in the descrip-
tion that follows and will become apparent to those skilled
in the art upon examination of the following description and
figures, or may be learned by practicing the mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 1s a cross-sectional, side view of one
embodiment of an electrolytic cell useful 1 accordance with
the present invention.




US 2008/0017504 Al

[0021] FIG. 2 15 a side, cross-sectional view of a portion
of FIG. 1 illustrating one sidewall, outer shell, fluid dis-
charge device arrangement.

[0022] FIG. 3 1s a schematic view of one control arrange-
ment usetul in accordance with the present invention.
[0023] FIG. 4a 1s one embodiment of a fluid discharge
device arrangement useful 1 accordance with the present
imvention.

[0024] FIG. 46 1s another embodiment of a fluid discharge
device arrangement useful in accordance with the present
invention.

[0025] FIG. 5 1s a top view of a portion of the electrolytic
cell of FIG. 1.
[0026] FIG. 6a 1s a top, cross-sectional view of a portion

of FIG. 1, corresponding with a first plane of the electrolytic
cell.

[0027] FIG. 6b 1s a top, cross-sectional view of another
portion of FIG. 1, corresponding with a second plane of the
clectrolytic cell.

[0028] FIG. 7 1s cross-sectional view of the sidewall, outer
shell, fluid discharge device arrangement of FIG. 1.

[0029] FIG. 8 1s a side view of the electrolytic cell of FIG.
1, 1llustrating one embodiment of a manifold interconnec-
tion arrangement.

[0030] FIG. 9 1s a schematic view of one embodiment of
a manifold interconnection arrangement useful 1 accor-
dance with the present invention.

[0031] FIG. 10qa 1s a schematic view of one embodiment
of methods useful 1n cooling sidewalls of electrolysis cells
in accordance with the present invention.

[0032] FIG. 106 1s a schematic view of one embodiment
of methods useful 1n cooling sidewalls of electrolysis cells
in accordance with the present imnvention.

DETAILED DESCRIPTION

[0033] Reference will now be made to the accompanying
drawings, which at least assist in illustrating various perti-
nent features of the present invention.

[0034] FIG. 1 illustrates an electrolytic aluminum produc-
tion cell useful 1n accordance with the present invention. The
clectrolytic cell 1 includes an outer shell 10, an anode 2, a
cathode 3, a current collector 6 interconnected to the cathode
3, and a top 7. A sidewall 20 1s disposed adjacent the outer
shell 10 and 1s spaced therefrom, thereby creating a gap 38
between the outer shell 10 and the sidewall 20. In operation,
clectric current 1s passed from the anode 2, through a molten
clectrolyte bath 4, thereby reducing a metal oxide (e.g.,
alumina) contained 1n the bath 4 to a molten metal 5 (e.g.,
aluminum). A ledge 8 of frozen electrolyte (e.g., cryolite)
forms during operation of the cell. The formation of the
ledge 8 and the ledge’s profile 1s Tacilitated via the supply of
coolant to the sidewall 20.

[0035] More particularly and with reference to FIG. 2, a
coolant (e.g., air, helium, or other suitable gas or liquid) 1s
supplied to exterior surfaces of the sidewall 20 via one or
more fluid discharge devices 36. In the illustrated embodi-
ment, the tluid discharge devices are one or more nozzles 36
(“nozzle(s)”). The nozzle(s) 36 are interconnectable to a
coolant supply system (not shown) via inlet mamifold 32 and
passageways 40 (e.g., fluid inlets). The nozzle(s) 36 gener-
ally extend from the outer shell 10 toward the sidewall 20.
During operation of the electrolytic cell 1, coolant may be
selectively supplied to the nozzle(s) 36 for discharge there-
from to cool selected surfaces of the sidewall 20. In this
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regard, a suitable control system or controller, discussed in
turther detail below, may be interconnected to the nozzle(s)
36 and/or associated valve(s) (not illustrated) for controlling
the supply of coolant to the sidewall 20 from the nozzle(s)
36. The discharged coolant from the nozzle(s) 36 passes
through at least a portion of gap 38 before contacting
sidewall 20, thereby cooling the sidewall 20 (e.g., via
convection and/or conduction). Spent coolant may be col-
lected via outlet manifold 34, which 1s fluidly interconnect-
able to gap 38 via a passageway 42 and/or a valve (not
illustrated). Thus, the profile (e.g., thickness and/or height)
of the ledge 8 may be controlled via selective supply of
coolant to desired portions of the sidewall 20 wvia the

nozzle(s) 36.

[0036] To facilitate selective control of the ledge 8 profile,
it may be desirable to employ a controller to control the
discharge of coolant from the nozzle(s) 36. One embodiment
of a control arrangement 1s schematically illustrated in FIG.
3. In thus arrangement, the controller 60 1s interconnected to
the nozzle(s) 36 (e.g., electrically interconnected), such as
via a one or more valves 68 (“valve(s)”). The controller 60
may also be interconnected to one or more sensory devices,
such as one or more coolant flow meters 62 (“tlow meter
(s)”’), one or more temperature sensors 64 (“temperature
sensor(s)”) and/or one or more heat flux meters 66 (“heat
flux meter(s)”). As discussed in further detail below, the
controller 60 may utilize information/data provided by the
sensory devices to control the discharge rate of coolant from
the nozzle(s) 36, thereby facilitating selective temperature
control of various portions of the sidewall 20, and thus
selective control of ledge 8 profile.

[0037] The nozzle(s) 36 and sensory devices may be
disposed within the electrolytic cell 1 at any suitable loca-
tion(s). In a particular embodiment, the nozzle(s) 36 are
partially disposed within the gap 38, as illustrated 1n FIG. 2,
and the flow meter(s) 62 may be disposed 1n each of the
passageways 40 for measuring the flow rate of coolant
provided to each of the nozzle(s) 36. In another embodi-
ment, the flow meter(s) 62 may be disposed within the inlet
manifold 34 for measuring the flow rate of coolant provided
to the nozzle(s) 36. The controller 60 may receive signals/
data from the flow meter(s) 62 and, 1n response, determine
amounts ol coolant being supplied to each of the nozzle(s)
36. The flow meter(s) 62 may be any flow meters adapted for
use 1n an electrolytic cell environment, such as a digital flow
meter.

[0038] Temperature sensor(s) 64 may be disposed within
the electrolytic cell 1. In one embodiment, the temperature
sensor(s) 64 may be disposed within the gap 38 for mea-
suring the temperature of the fluids located therein (e.g., air
within the gap 38). The controller 60 may receive signals/
data from the temperature sensor(s) 64 and, in response,
determine the temperature of one or more portions of the
sidewall 20. For example, the controller 60 may receive
temperature measurements associated with lower, middle
and/or upper portions of the sidewall 20. The temperature
sensor(s) 64 may be any temperature sensors adapted for use
in an electrolytic cell environment, such as a thermocouple.

[0039] Heat flux meter(s) 66 may be disposed within the
clectrolytic cell 1. In one embodiment, the heat flux meter(s)
may be interconnected to various portions of the sidewall 20
for measuring the heat flux of such portions of the sidewall
20, The controller 60 may receive signals/data from the heat
flux meter(s) 66 and, 1n response, determine the heat tlux of
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one or more portions of the sidewall 20. For example, the
controller 60 may receive heat flux measurements associated
with lower, middle, and/or upper portions of the sidewall 20.
The heat flux meter(s) 62 may be any heat flux meter(s)
adapted for use 1n an electrolytic cell environment, such as
a HT-50 thermal flux sensor available from International
Thermal Instrument Company, Del Mar, Calif.

[0040] The controller 60 may utilize the information/data
from the sensory devices to achieve the desired the cooling
rates. In this regard, the controller 60 may be a computerized
device (e.g., a general purpose computer) and may utilize
one or more ol a temperature measurement, flow rate
measurement, and/or heat flux measurement to determine an
appropriate control response. For example, the controller 60
may determine (e.g., calculate via a digital processor) that
the temperature within a portion of the electrolytic cell 1 1s
relatively high and/or determine that the heat flux associated
with a portion of the sidewall 20 1s relatively low. In turn, the
controller 60 may send an appropriate signal to valve(s) 68
interconnected to the nozzle(s) 36 to increase coolant tlow
rates to the nozzle(s) 36, thereby increasing the cooling rate
associated with those portions of the sidewall 20. In another
instance, the controller 60 may determine that the tempera-
ture within a portion of the electrolytic cell 1 1s relatively
low and/or determine that the heat flux associated with a
portion of the sidewall 20 1s relatively high. In turn, the
controller 60 may send an appropriate signal to valve(s) 68
interconnected to the nozzle(s) 36 to decrease coolant tlow
rates to the nozzle(s) 36, thereby decreasing the cooling rate
associated with those portions of the sidewall 20.

[0041] The coolant discharge rate from the nozzle(s) 36
may be controlled individually, 1n sets, or globally by the
controller 60 to achieve the desired cooling rates. For
example, the controller 60 may selectively control indi-
vidual nozzle(s) 36 to achieve the desired cooling rates (e.g.,
via valves located within the nozzle(s) 36, the flow meter(s)
62, and/or the passageway(s) 40). In one embodiment, the
controller 60 may be adapted to provide analog-like control
of the coolant flow rate, thereby selectively tailoring coolant
flow to the nozzle(s) 36, and possibly over a wide range of
coolant flow rates. This analog-like control may be accom-
plished, for example, by moving a valve position between,
and sometimes from, various open and closed configura-
tions. In an alternate embodiment, the controller 60 may be
adapted to turn coolant flow on and off, 1n essence providing
digital-like control of individual nozzle(s) 36 (e.g., via
opening and closing of a valve). As discussed in further
detail below, the controller 60 may also/alternatively be
interconnected to the nozzle(s) 36 to control the discharge
trajectory of the coolant to facilitate selective cooling of
various portions of the sidewall 20. The controller 60 may
control the nozzle(s) 36 1n sets, such as a first and second set
of nozzles, to achieve the desired cooling, such as by
simultaneously coordinating flow rates and positions asso-
ciated with a certain set(s) of nozzles. The controller 60 may
control individual nozzles in serial or parallel and/or the
controller 60 may control sets of nozzles in serial or 1n
parallel.

[0042] Any suitable number of nozzle(s) 36 may be
employed in accordance with the present invention. The
number of nozzle(s) 36 employed in an electrolytic cell 1 1s
a Tunction of many variables, including, by way of example,
coolant delivery rate per nozzle, cell operating temperature,
cell size, coolant type and nozzle spacing.
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[0043] The nozzle(s) 36 may be any suitable nozzles
adapted to deliver fluid coolant to sidewalls of an electroly-
s1s cell. In thus regard, the nozzle(s) 36 should be resistant to
oxidation and should function in relatively high tempera-
tures (e.g., S00° C.-1100° C.). For example, the nozzle(s) 36
may include one or more stainless steel materials. Suitable
nozzles include air nozzles produced by, for example,
AIRTX, Cincinnati, Ohio, United States of America;
EXAIR, Cincinnati, Ohio, United States ol America; SIL-
VENT, Boras, Sweden; and Spraying Systems Co., Carol
Stream, Ill., United States of America, to name a few.

[0044] The nozzle(s) 36 should be adapted to provide
coolant to the sidewall 20 at desired flow rates to achieve
desired cooling rates. The desired flow rate 1s generally
dependent upon many variables, including cell operating
temperature, nozzle number and spacing, coolant type, and
cell size, to name a few. For example, nozzles adapted to
provide air to the sidewall of an aluminum electrolysis cell
may have the ability to provide between 0-350 SCFM or even

0-100 SCFM of atr.

[0045] The nozzle(s) 36 may be adapted to discharge the
coolant 1n any desired pattern and any desired trajectory. For
example, the nozzle(s) 36 may be adapted to discharge
coolant 1 a flat, substantially planar discharge pattern.
Alternatively, the nozzle(s) 36 may be adapted to discharge
coolant 1n a non-planar pattern, such as a cone pattern.

[0046] The nozzle(s) 36 may be of any shape that facili-
tates selective cooling of the sidewalls 20. For example, and
with reference to FIG. 4a, the nozzle(s) 36 may comprise a
narrow, elongated orientation and may be interconnected to
the outer shell 10 at a substantially perpendicular orienta-
tion. In this embodiment, coolant discharged from the nozzle
(s) 36 will have a discharge path that 1s substantially
coincidental with the inlet path of the coolant, as indicated
by arrows 400q. In an alternate embodiment, and with
reference to FIG. 4b, the nozzle(s) 36 may comprise a
fingerlike orientation to facilitate the selective distribution of
the coolant. In this embodiment, the nozzle(s) 36 will have
a discharge path that 1s transverse to the inlet path of the
coolant, as indicated by arrows 4005. Thus, the nozzle(s) 36
may be operable to deliver the coolant 1n predefined trajec-
tory relative to the sidewall 20.

[0047] One particular arrangement associated with the
nozzles of FIG. 4b 1s illustrated 1n FIG. 5. In this embodi-
ment, the electrolytic cell 1 includes a plurality of nozzles
536a, 5365 dispersed about an internal perimeter of the outer
shell 10, wherein the nozzles 536a, 3365 comprise a fin-
gerlike orientation. In one embodiment, one or more of such
nozzles 536a, 53365 are adapted for rotation about an axis to
facilitate the selective delivery of the coolant. For example,
one or more of these fingerlike nozzles 536a, 5366 may be
rotatable about an axis (e.g., rotatable over 45°, 90°, 180° or
360°, or portions thereof), wherein for each angle of rotation
or portion thereot, a different discharge coolant path will be
cllected. A controller 60 may be interconnected to one or
more of the nozzles 536a, 5365 to eflect movement thereof.
Thus, the nozzle(s) 36 may be operable to deliver coolant 1n
a selective and predefined trajectory and differing portions
of the sidewall 20 may be selectively cooled. Such an
arrangement may assist 1n reducing the number of nozzles
required to operate the cell 1 and may further reduce the
complexity of the control architecture involved with cooling
operations. As discussed below, heat fins 26 may be inter-
connected to the sidewall 20 to assist cooling.
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[0048] Referring back to FIG. 2, each of the nozzle(s) 36
may include one or more of the above-described embodi-
ments/characteristics. For example, a first set ol nozzles may
comprise a first material of construction, a first size/shape,
and/or a first orientation and a second set of nozzles may
comprise a second material of construction, a second size/
shape and/or a second orientation. Such first and second sets
may be employed within an electrolytic cell 1 to suit the
individual characteristics of such sets. By way of 1illustra-
tion, a first set of nozzles comprising relatively large, high
flow rate nozzles may be utilized in a first portion of the cell
(e.g., proximal a bottom portion of the cell), and a second set
of nozzles comprising smaller, lower tlow rate nozzles may
be utilized 1n a second portion of the cell (e.g., proximal a
top portion of the cell).

[0049] The nozzle(s) 36 may be dispersed throughout the
clectrolytic cell 1 as necessary to facilitate cooling opera-
tions. As noted above, the amount of nozzle(s) 36 and the
spacing of the nozzle(s) 36 within the electrolytic cell 1 1s
dependent on various factors. In some instances, 1t may be
desirable to umiformly space the nozzle(s) 36 about an
internal perimeter of the outer wall 10, such as uniformly 1n
the latitudinal and/or longitudinal directions relative to the
interior perimeter of the outer shell 10. In such an embodi-
ment, the amount of nozzle(s) 36 required to achieve desired
cooling rates may be reduced. Likewise, the amount of
coolant necessary to achieve the desired cooling rates may
also be reduced. Moreover, 1n such an arrangement, coolant
distribution relative to the sidewall will be at most partially
overlapping, and 1n some instances, substantially non-over-
lapping. Thus, cooling rates of the various portions of the
sidewall 20 may be selectively tailored per nozzle and/or
nozzle set.

[0050] One nozzle(s) 36 arrangement 1s now described
with reference to FIGS. 1, 5, 6a and 65. In the illustrated
embodiment, a first set of nozzles 536a 1s located 1n a first
plane of the electrolytic cell 1 (e.g., a plane corresponding
with the cross-section 6a) and a second set of nozzles 5365
1s located in a second plane of the electrolytic cell (e.g., a
plane corresponding with the cross-section 65). In other
words, nozzles 536a are oflset from nozzles 5364 1n a
vertical direction 81 (FIG. 1), e.g., at different longitudinal
positions of the interior perimeter of the outer shell 10. Thus,
the first set of nozzles 536a may be able to cool a first
selected portion of the sidewall 20 and the second set of
nozzles 5365 may be able to cool a second selected portion
of the sidewall 20. In the 1llustrated embodiment, the first set
ol nozzles 536a are positioned to discharge coolant toward
an upper portion of the sidewall 20 and the second set of
nozzles 5365 are positioned to discharge coolant toward a
lower portion of the sidewall 20. In this embodiment, the
first and second planes are substantially parallel to one
another, the first and second planes are relatively horizontal
and the first and second planes do not intersect one another.

[0051] In the illustrated embodiment of FIGS. 1, 5, 6a and
65, the first set of nozzles 536a are also offset relative to the
second set of nozzles 533656 1n a horizontal direction 83 (FIG.
5), such as at different latitudinal positions of the interior
perimeter of outer shell 10. Hence, the first set of nozzles
536a may be adapted to provide coolant to first portions of
the sidewall 20 and the second set of nozzles 5366 are
adapted to provide coolant to second portions of the sidewall
20, wherein the first and second sidewall portions are at most
partially overlapping, and 1n some instances, substantially
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non-overlapping. Thus, cooling rates of the various portions
of the sidewall 20 may be selectively tailored per nozzle
and/or nozzle set. Moreover, coolant efliciency and eflec-
tiveness may be increased.

[0052] Other nozzle arrangements are also possible. For
example, a first set of nozzles may be located 1n a first
vertical plane and a second set of nozzles may be located 1n
a second vertical plane. In this arrangement, the first and
second vertical planes may be transverse to one another
(e.g., 1n a cylindrical-style electrolytic cell) or the first and
second vertical planes may be substantially parallel or
perpendicular to one another (e.g., 1n a rectangular solid-
style electrolytic cell). In this arrangement, the first set of
nozzles may discharge coolant along a first longitudinal

portion of the sidewall 20 and the second set of nozzles may
discharge coolant along a second longitudinal portion of the

sidewall 20.

[0053] As noted, the sidewall thermally interacts with the
coolant from the nozzle(s) 36 to facilitate maintenance of
ledge 8 profile. In this regard, the sidewall 20 should
generally be adapted to {facilitate thermal interaction
between the coolant and the ledge 8. Thus, the sidewall 20
may include one or more metal layers adapted to promote
heat transier through the sidewall 20. The sidewall 20 should
also be adapted to contain the molten bath and molten metal
within the cell. Thus, the sidewall 20 generally comprises
one or more mmpermeable layers adapted to contain the
molten bath and molten metal.

[0054] One particular sidewall embodiment 1s illustrated
in FIG. 7. In this embodiment, the sidewall 720 includes a
thermally conductive layer 722 (e.g., a metal layer) and a
containment layer 724 (e.g., a refractory lining). In opera-
tion, coolant 37 from nozzle 736 contacts the thermally
conductive layer 722, which 1s 1n thermal communication
with the containment layer 724, thereby cooling the ther-
mally conductive layer 722 and the containment layer 724.
The thermally conductive layer 722 may be interconnected
to the containment layer 724 by any suitable means, such as
via an adhesive or mechanical means.

[0055] Any suitable thermally conductive material may be
included in the thermally conductive layer 722, such as
metal-containing materials. Likewise, any suitable contain-
ment material may be included 1n the containment layer 724.
For example, 1n aluminum electrolysis cells, the thermally
conductive layer 722 may comprise a nickel alloy, such as
INCONEL and/or a steel matenial (e.g., stainless steel), and
the containment layer 724 may comprise a castable refrac-
tory and corresponding refractory paper.

[0056] The outer shell may include any matenal(s)
adapted to contain molten materials 1 case the sidewall
ruptures. One outer shell useful 1n conjunction with the
present invention 1s illustrated in FIG. 7. The outer shell 710
includes an insulative layer 714 and a containment layer
712. The msulative layer 714 should be adapted to inhibit
thermal communication between fluids within the gap 38
and the containment layer 712. For example, the msulation
layer 714 may include insulative materials such as calcium
silicate boards (e.g., MARINITE, available from BNZ Net-
crids, Inc., Littleton, Colo. U.S.A.) and compression glass
matenials (e.g., THERMALATE, available from Java Prod-
ucts, Middlefield, Ohio, U.S.A.). The containment layer 712
should be adapted to contain molten materials. Useful con-
tamnment materials include steel materials. The insulative
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layer 714 may be interconnected to the containment layer
712 by any suitable means, such as via an adhesive or
mechanical means.

[0057] Retferring back to FIG. 2, the distance between the
interior perimeter of the outer shell 10 and the exterior
perimeter of the sidewall 20 (i.e., the gap size) 1s a function
of various parameters, including coolant type, coolant tlow
rate, and operating temperature of the electrolysis cell, to
name a few. For example, the gap size may be between 2
inches (5 centimeters) and 10 inches (25 centimeters) 1n
aluminum electrolysis cells. The gap size may be umiform
about electrolysis cell 1 or the gap size may vary to achieve
the desired cooling rates. Moreover, the gap may be
enclosed, such as using lid 7, or may be open to the
surrounding atmosphere. If the gap 1s open, an outlet mani-
fold 34 may not be necessary.

[0058] Referring now to FIGS. 2 and 5, heat fins 26 may
be interconnected to the sidewall 20 to further facilitate
thermal communication between coolant and the sidewall
20. Any number of heat fins 26 may be used and the heat fins
26 may be spaced 1n any useful manner about the exterior
perimeter of the sidewall 20. For example, and with refer-
ence to FIG. 5, the heat fins 26 may be disposed about the
exterior of the sidewall 20, such as circumierentially about
an outer surface of the sidewall 20. The heat fins 26 may also
be of any useful shape and orientation. In one embodiment,
the heat fins 26 may also act to reinforce a thermally
conductive layer of the sidewall 20, such as by binding the
thermally conductive layer to a containment layer.

[0059] The coolant may be any coolant that will facilitate
cooling of the sidewall 20. For example, gas phase coolants,
such as air, nitrogen, carbon dioxide, or noble gases (e.g.,
helium) may be used. Liquid phase coolants, such as water,
brines, glycols (e.g., propylene glycol, ethylene glycol),
calcium chloride, potassium formate, cryogenic tluids, and/
or fluorocarbon coolants may also/alternatively be used. The
coolants may be pressurized or at atmospheric, or about
atmospheric, pressure.

[0060] In one embodiment, the coolant comprises air
distributed to the nozzle(s) 36 via inlet manifold 32. After
use, the air may exit gap 38 to outlet mamiold 34 wia
passageway 42. The outlet manifold 34 may be intercon-
nected to a coolant reclamation system and/or a coolant
disposal system (e.g., a vent). In one embodiment, the
coolant reclamation system may comprise a heat exchanger.
The heat exchanger may be utilized for many purposes, such
as for heating water to steam, where the steam 1s utilized 1n
a turbine application to generate electricity. The heat
exchanger could also be used to supply hot air to residential
customers for heating applications or cooling applications
(e.g., air conditioning or heat pump applications).

[0061] The inlet manifold 32 may be configured mnto any
suitable manner to provide coolant to the nozzle(s) 36. For
example, and with reference to FIG. 8, the inlet manifold 32
may be disposed about the outer shell 10 of the electrolysis
cell 1 and may be fluidly 1interconnected to a coolant supply
(not 1llustrated). The inlet mamifold 32 may interconnect
with the nozzle(s) 36 1n any suitable manner, such as via
individual mamifolds, each interconnected to a coolant sup-
ply, or one continuous manifold (e.g., a manifold curved in
a helical fashion and disposed about the outer perimeter of
the outer shell 10) interconnected to a coolant supply.
Likewise, the outlet manifold 34 may be interconnected to
the gap 38 1n any suitable manner to enable coolant to exit
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gap 38. For example, the outlet manifold 34 may wrap
around the outer shell 10 of the electrolysis cell 1 and may
be 1nterconnected to a coolant disposal system and/or cool-
ant reclamation system, as described above.

[0062] The coolant supply may be interconnected to a
single electrolysis cell or a plurality of electrolysis cells. For
example, and with reference to FIG. 9, a coolant supply (not
illustrated) may be interconnected to a plurality of inlet
mamfolds 32a, 3256, 32¢ via supply pipe 70, each of which
may be interconnected to individual electrolysis cells 1a, 15,
1c. Likewise, the coolant disposal and/or coolant reclama-
tion system may be interconnected to a plurality of elec-
trolysis cells 1a, 15, 1c. For example, and with continued
reference to FIG. 9, a plurality of outlet manifolds 34a, 345,
34¢ may be interconnected to a coolant return pipe 72. Thus,
a single coolant supply system and/or coolant reclamation
system and/or coolant disposal system may be utilized 1n
conjunction with a plurality of electrolysis cells. Relatedly,
a single controller, as described above, may be utilized to
operate the nozzle(s) systems of the plurality of electrolysis
cells.

[0063] In another arrangement, a simple passageway may
be utilized to supply coolant to the gap 38. For example, the
outer shell may include one or more passageways that
fluidly iterconnect the gap 38 to an exterior portion of the
outer shell 10. Thus, air and/or other fluids located on the
exterior of the outer shell 10 may be drawn 1nto gap 38 via
such passageways to provide further cooling (e.g., via con-
vection forces from mcoming coolant from the nozzles 36).

[0064] The present invention also relates to methods of
cooling electrolysis cells. For example, and with reference to
FIG. 10a, a method may include the step of passing coolant
through the nozzle(s) and the step of contacting the sidewall
20 (e.g., the outer surface of the sidewall 20) with the
coolant. The method may also include the optional step of
collecting the coolant, such as after the coolant has been
utilized to cool the sidewall, and the optional step of
recycling the coolant, such as by flowing the coolant to a
coolant reclamation system, as described above. The passing
step may include additional steps, such as supplying coolant
from a coolant supply to an inlet manifold, and/or flowing
the coolant through a plurality of passageways to corre-
sponding nozzle(s).

[0065] With reference to FIG. 105, the method may
include the step of measuring an operation parameter of the
clectrolysis cell, for example, one or more of a temperature
measurement, a heat flux measurement and/or coolant flow
rate measurement. The method may further include the step
of completing an action, such as a predetermined action, 1n
response to the measuring step. For example, the position of
the nozzle(s) may be changed in response to a high tem-
perature and/or low heat flux measurement. The coolant flow
rate through the nozzle(s) may also be changed 1n response
to any one of the above referenced operations. Thus, the
methods of the present invention are particularly adept at
maintaining the ledge profile 1 electrolysis cells, such as
aluminum electrolysis cells. As may be appreciated, any of
the above-described nozzle(s), outer shell, and sidewall
arrangements and embodiments may be utilized 1n conjunc-
tion with the imventive methods.

[0066] In view of the foregoing, it will be appreciated that
the present invention provides sidewall cooling systems that
greatly enhance the ability to control the temperature and
thus the profile of the ledge. Moreover, the use of the dual
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wall system may greatly decreases the outside surface
temperature of the electrolysis cell. Indeed, the gap between
the sidewall and outer shell will not only serve to cool the
sidewall, but the outer shell will generally be much cooler
than 1n traditional electrolysis cells. For example, the outer
surface of a traditional aluminum electrolysis cell can reach
temperatures 1 excess ol 200° C. With the present inven-
tion, the temperature of an outside portion of the outer shell
may be well below 200° C., such as not greater than 100° C.,
even not greater than 75° C., or even not greater than 50° C.
In some 1nstances, the temperature of an outside portion of
the outer shell may be not greater than 45° C. or even not
greater than 40° C. Thus, substantial safety and operational
environment advantages may be achieved.

[0067] It may be appreciated that, while the above
embodiments have been described 1n reference to nozzles,
jets may also be used 1n place of nozzles, as appropriate.
Moreover, neither nozzles nor jets may be utilized 1n accor-
dance with the present invention. For instances, coolant may
be passed from an inlet manifold through one or more inlet

passageways located in the outer shell, through the gap and
to the sidewall without the use of a nozzle and/or jet. One or
more outlet passageway(s) may be fluidly mterconnected to
the gap to receive the discharged coolant, the outlet pas-
sageway(s) being fluidly interconnectable to the exterior of
the outer shell, a coolant reclamation system and/or or a
coolant disposal system. The passageways may be in the
form of an insert (e.g., a pipe), or may be integral with the
outer shell (e.g., such as by drilling holes 1n the outer shell).
As may be appreciated, a mixture of nozzles, jets and/or
passageways may be use 1n accordance with the present
invention.

[0068] It will be appreciated that, while the present inven-
tion has been described and depicted in relation to a cylin-
drical style electrolysis cell, other electrolysis cell arrange-
ments may be used. For instance, the electrolysis cell may be
of a rectangular solid configuration, wherein the outer shell
comprises two opposing walls of the rectangular solid and
end walls comprise the other two opposing walls of the
rectangular solid. Two sidewalls may be disposed 1nside the
cell relative to and coincidental with the two outer shell
walls, thereby defining the gaps. Sidewalls may or may not
be used coincidental with the end walls. Any of the above-
described nozzle, manifold, and other features may be used
in conjunction with this arrangement. In some instances, this
rectangular solid electrolysis cell arrangement may be pre-
terred relative to the cylindrical electrolysis cell arrange-
ment. The cooling systems and methods of the present
invention may be utilized with various electrolysis cells
including, without limitation, aluminum, lead, magnesium,
zinc, zirconium, titanium and silicon electrolysis cells.

[0069] While various approaches, aspects, embodiments
and otherwise of the present invention have been described
in detail, 1t 1s apparent that modifications and adaptations of
those embodiments will occur to those skilled in the art.
However, it 1s to be expressly understood that such modi-
fications and adaptations are within the spirit and scope of
present imvention. Moreover, the use of directional and/or
positional terms, such as upper, lower, middle, horizontal,
vertical, exterior, interior, latitudinal, longitudinal, above
and/or below, and the like, are for illustrative purposes and
should not be construed as limiting the invention 1 any
mannet.
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What 1s claimed 1s:

1. An electrolysis cell comprising;:

an outer shell;

a sidewall proximal the outer shell and being spaced
therefrom, thereby defining a gap between the sidewall
and the outer shell;

a plurality of fluid discharge devices interconnected about
the outer shell, each of the plurality of fluid discharge
devices extending from the outer shell toward the
stdewall, wherein each of the plurality of fluid dis-
charge devices 1s adapted to provide coolant to the
sidewall.

2. The electrolysis cell of claim 1, wherein the outer shell

COmprises:

a containment layer; and

an insulative layer.

3. The electrolysis cell of claim 1, wherein the sidewall
COmprises:

a thermally conductive layer; and

a containment layer interconnected to the thermally con-
ductive layer, the containment layer being adapted to
contain molten metal.

4. The electrolysis cell of claim 3, wherein each of the
plurality of fluid discharge devices 1s adapted to discharge
coolant toward the thermally conductive layer.

5. The electrolysis cell of claim 1, wherein at least one of
the plurality of fluid discharge devices extends at least
partially into the gap.

6. The electrolysis cell of claim 1, wherein at least one of
the plurality of fluid discharge devices 1s configured to
deliver the coolant at a selected trajectory.

7. The electrolysis cell of claim 1, wherein at least one of
the plurality of fluid discharge devices comprises a finger-
like shape.

8. The electrolysis cell of claim 1, wherein the plurality of
fluid discharge devices comprises a first set of fluid dis-
charge devices and a second set of fluid discharge devices,
wherein the first set of fluid discharge devices 1s disposed
coincidental with a first plane, and wherein the second set of
fluud discharge devices 1s disposed coincidental with a
second plane.

9. The electrolysis cell of claim 8, wherein the first and
second planes are substantially horizontal planes.

10. The electrolysis cell of any of claim 1, wherein the
outer shell comprises at least one passageway that fluidly
interconnects the gap to an exterior of the outer shell.

11. The electrolysis cell of claim 1, further comprising:

an inlet manifold interconnected to the plurality of fluid
discharge devices, the inlet manifold being intercon-
nectable to a coolant supply.

12. The electrolysis cell of claim 11, further comprising:

a plurality of passageways, each of the plurality of pas-

sageways being interconnected to the inlet manifold
and a corresponding one of the plurality of fluid dis-
charge devices.

13. The electrolysis cell of claim 12, wherein each of the
plurality of passageways extends at least partially through
the outer shell.

14. The electrolysis cell of claim 1, further comprising:

a coolant outlet passageway fluidly interconnectable to

the gap.

15. The electrolysis cell of claim 16, wherein the coolant
outlet passageway extends through the outer shell to an
outlet manifold located external to the outer shell.
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16. A system for cooling an electrolysis cell, the system
comprising;

an electrolysis cell comprising:

an outer shell;

a sidewall proximal the outer shell and being spaced
therefrom, thereby defining a gap between the side-
wall and the outer shell:

a plurality of fluid discharge devices interconnected
about the outer shell, each of the plurality of fluid
discharge devices extending from the outer shell
toward the sidewall, wherein each of the plurality of
fluid discharge devices 1s adapted to provide coolant
to the sidewall; and

a controller interconnected to the electrolysis cell, the

controller being operable to control a coolant discharge

parameter.

17. The system of claim 16, wherein the coolant discharge
parameter 1s a tluid discharge direction of at least one fluid
discharge device of the plurality of fluid discharge devices.

18. The system of claam 17, wherein the controller i1s
interconnected to at least one of the plurality of fluid
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discharge devices, wherein an outlet of the at least one fluid
discharge device 1s selectively positionable, and wherein the
controller 1s operable to selectively position the fluid dis-
charge device outlet, thereby controlling the fluid discharge
direction.

19. The system of claim 16, wherein the coolant discharge
parameter 1s a fluid discharge rate of at least one fluid
discharge device of the plurality of fluid discharge devices.

20. The system of claim 16, wherein the gap 1s fluidly
interconnectable to an outlet manifold, and wherein the
outlet mamifold 1s fluidly interconnected to a coolant recla-
mation system.

21. The system of claim 20, wherein the plurality of fluid
discharge devices are fluidly interconnected to an inlet
manifold, the inlet manifold being interconnected to the
coolant reclamation system.

22. The system of claim 21, wherein the coolant com-
prises air and the coolant reclamation system comprises a
heat exchanger.
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