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Figure 1

provided. The cell includes a container, at least a portion of the container act-
ing as a first electrode. An extension tube has a first end and a second end, the
extension tube coupled to the container at the second end forming a conduit
from the container to said first end. A second electrode is positioned in the
container and extends out of the container via the conduit. A seal is posi-
tioned proximate the first end of the extension tube, for sealing the cell.
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High Temperature Sealed Electrochemical Cell

Statement Regarding Federally Sponsored Research or Development

[0001] This invention was made with government support under Grant No. DE-AR0000047
awarded by the U.S. Department of Energy. The government has certain rights in this

invention.

Technical Field

[0002] The present invention relates to a scaled container operable at high temperature, and

more particularly, to sealing of a high temperature electrochemical cell.

Background Art

[0003] Applications such as high temperature clectrolysis and high temperature batteries
include a scaled container to prevent reaction of active materials with air and moisture.
Conventional designs attempt to secal the entire battery cell at the container level, thus
requiring a high temperature seal. In addition to sealing the cell, the seal also electrically
insulates the clectrodes (e.g., the top and bottom halves of the container) such that conductive
scal materials are prohibited. High temperature seals typically use glass or ceramic and are
designed to maintain good sealing at a narrow range of operating temperatures. The glass or
ceramic composition is usually tailored to match the thermal expansion of the container
material at the targeted operating temperature. As a consequence, high temperature scals are

generally limited in terms of thermal cycling.

[0004] A previous cell design utilizes low temperature seals by including a large thin flange
that limits thermal conduction, as described in U.S. Patent 3,419,432 (Hesson), which is
incorporated herein by reference. However, this design has a large area for thermal
conduction and is not thermally efficient. Moreover, as the cell of Hesson is scaled to larger

sizes, its major thermal conduction area scales with its circumference.
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Summary of the Embodiments

[0005] In accordance with a first embodiment of the invention there is provided a cell for high
temperature electrochemical reactions. The cell includes a container, at least a portion of the
container acting as a first electrode. An extension tube has a first end and a second end, the
extension tube coupled to the container at the second end forming a conduit from the container
to said first end. A second eclectrode is positioned in the container and extends out of the
container via the conduit. A secal is positioned proximate the first end of the extension tube,

for sealing the cell.

[0006] In accordance with related embodiments of the invention, an electrical insulation
sleeve may be positioned between the second electrode and the extension tube. The seal may
include an o-ring compression fitting. A tee compression fitting may be positioned between
the first end of the extension tube and the o-ring compression fitting. One or more heating
elements may be thermally coupled to the container. Thermal insulation may cover at least
portions of the heating elements, container and/or the extension tube. A portion of the
extension tube may not be thermally insulated. At least one of an electrolyte, a solid metal

and a liquid metal may be placed within the container.

[0007] In accordance with further related embodiments of the invention, the container may
include an insulating sheath within the container and/or an insulating coating on the inner
walls of the container. The insulating sheath and/or the insulated coating may have a different
corrosion resistance relative to the inner walls of the container, and/or provide clectrical
insulation. An electrical insulation material may be coupled between the container and the

insulating sheath, with the insulating sheath including metal.

[0008] In accordance with still further related embodiments of the invention, the extension
tube may be removably coupled to the container. A socket compression fitting may be
attached to the container, the extension tube removably attachable to the socket compression

fitting.

[0009] In yet further related embodiments of the invention, the container may include top,
bottom and side walls. The extension tube is coupled to a side wall, allowing cells to be

stacked on top of cach other.
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[0010] In accordance with another embodiment of the invention, a method of making an
electrochemical cell includes filling a container with material for electrolysis, the container
including an opening, the container for acting as a first electrode. A second electrode is placed
in the container via the opening. A cap is placed over the opening. An extension tube is
coupled to the cap, the extension tube having a first end and a second end. The extension tube
is coupled to the cap at the second end, forming a conduit from the container to said first end,
wherein the top electrode extends out of the container via the conduit. A seal for sealing the

cell is installed proximate the first end of'the extension tube.

[0011] In accordance with related embodiments of the invention, filling the container with
material for electrolysis may be via the opening, prior to placement of the cap. Alternatively,
filling the container with material for electrolysis may be via the extension tube, subsequent to

placement of the cap.

[0012] In further related embodiments of the invention, an clectrical insulation sleeve may be
provided between the second electrode and the extension tube. The seal may include an o-ring
compression fitting, with a tee compression fitting positioned between the first end of the
extension tube and the o-ring compression fitting. One or more heating elements may be
thermally coupled to the container. Portions of the heating elements, the container and the

extension tube may be covered with thermal insulation.

[0013] In still further related embodiments of the invention, an insulating sheath within the
container and/or an insulating coating on the inner walls of the container may be provided. An
clectrical insulation material may be coupled between the container and the insulating sheath,
wherein the insulating sheath includes metal. A socket compression fitting may be attached to
the cap, such that the extension tube can be removably attached from the socket compression
fitting.

[0014] In yet further embodiments of the invention, the container may include top, bottom and
side walls, wherein the extension tube is coupled to a side wall, allowing the a plurality of the

clectrochemical cells to be stacked on top of cach other.
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Brief Description of the Drawings

[0015] The foregoing features of embodiments will be more readily understood by reference

to the following detailed description, taken with reference to the accompanying drawings, in
which:

[0016] Fig. 1 shows a cross section of an electrochemical cell, in accordance with an

embodiment of the invention;

[0017] Figure 2 shows the electrochemical cell of Fig. 1 with an insulating sheath and a socket

welded compression fitting , in accordance with various embodiments of the invention,;
[0018] Figurc 3 shows a sheath that includes and/or is attached to various materials having,
without limitation, different corrosion resistances and/or electrical characteristics, in

accordance with an embodiment of the invention;

[0019] Figure 4 shows an clectrochemical cell that allows for stacking, in accordance with an

embodiment of the invention; and

[0020] Fig. 5 shows stacking of a plurality of the electrochemical cells of Fig. 4, in accordance

with an embodiment of the invention.

Detailed Description of Specific Embodiments

[0021] In illustrative embodiments of the invention, a sealed container for high temperature
applications, such as clectrochemical cell, is presented. Generally, in various embodiments of
the invention, the electrochemical cell allows for the use of ordinary low temperature scals by
separating the seal from the container with an extension tube of sufficient length and minimal
wall thickness. Heat transfer across the extension tube is low, and reduced temperatures are
achieved at the area of the seal. The low temperature allows the use of common clastomeric
seals. In addition, decoupling the seal from the container results in a much smaller sealing
area. Overall, the greatly reduced sealing area and the use of reliable elastomeric seals results
in a high quality seal. Embodiments of the invention were operated as a liquid metal battery in
ambient air and showed no signs of deterioration for greater than 30 days. Details are

described below.
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[0022] Figure 1 shows a cross section of an clectrochemical cell, in accordance with an
embodiment of the invention. The cell includes an electronically conductive container 109
that acts as a first electrode. The shape of the container 109 is not restricted in geometry, and
may be, for example, circular, rectangular, or clliptical in nature. The container 109 is
generally made of a material having the requisite mechanical strength, and resistance to

chemical attack from electrolysis.

[0023] The container 109 is filled with a solid or liquid material for electrolysis. Illustratively,
the electrolysis material may include, without limitation, an electronically conductive solid or

liquid metal or alloy 112, and an ionically conductive electrolyte 111.

[0024] A sccond clectrode 110 is positioned in the container 109. A top cap 107 with
extension tube 105 may then be fitted to the container 109 cell by, without limitation, welding,
brazing or swaging. The extension tube 105 has a first end and a second end, with the second
end of the extension tube 105 coupled to the cap 107, forming a conduit from the container
109 to the first end. The second electrode 110 positioned in the container 109 extends out of

the container 109 via the conduit.

[0025] It is to be understood that the order of steps for producing the electrochemical cell may
vary. For example, in various embodiments, if the material for electrolysis is sensitive to air
or moisture, the top electrode 110 may first be placed into the container 109. The top cap 107
with extension tube 105 may then be attached to the container 109, followed by loading the

electrolysis material through the extension tube 105 under a suitable atmosphere.

[0026] In various embodiments, a tee compression fitting 104 may be coupled to extension
tube 105. The horizontal opening of the tee compression fitting 104 can be used, for example,
to evacuate or fill gases in the interior of the container 109, or for adding additional material to

the container 109.

[0027] Electrical isolation of the top electrode 110 from the bottom electrode/container 109
may be accomplished with an electrically insulating sleeve 102. The electrically insulating

sleeve 102 clectrically separates the top clectrode connection 101 from the extension tube 105
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and any compression fittings 104, which are in electrical contact with the bottom

electrode/bottom container 109.

[0028] External heating eclements 108 may be attached to the container 109. Thermal
insulation may cover at least portions of the heating elements 108, container 109 and/or the
extension tube 105.

[0029] In illustrative embodiments of the invention, a seal 103 is mounted at or proximate the
second end (i.c., the distal end relative to the container 109) of the extension tube 105, and
fully seals the cell. The seal 103 may be, without limitation, an o-ring compression fitting.
An ordinary low temperature elastomeric seal 103 known in the art may advantageously be
utilized, as the seal 103 is separated from the container 109 and its associated high
temperatures by the extension tube 105. A sufficient length of the extension tube 105 may be
left uninsulated to allow for a sufficiently low temperature at the seal 103. The diameter and
wall thickness of the extension tube 105 may be kept minimal to reduce conductive heat loss

from the container 109.

[0030] Separating the seal 103 from the container 109, along with electrically isolating the
second electrode 110 from the first electrode/container 109, allows the top cap 107 to be
coupled to the container 109 without concem for clectrical isolation, thermal expansion or
thermal cycling. The top cap 107 may be simply coupled to the container 109 by welding,

brazing or swaging, as described above.

[0031] Another benefit of decoupling the seal 103 from the container 109 via the extension
tube 105 is that a much smaller scaling arca may be required, compared to previous cell
designs. The size of the container 109 may be increased while keeping the extension tube 105
to the original dimensions, allowing for large cell capacity while retaining a small sealing area
and low heat (increasing cell performance at larger scales). Compared to the cell design of
Hesson described above, embodiments of the present invention have demonstrated a 10 fold
decrease in heating power consumption, and decreased the sealing circumference by a factor
of 38 at tested scales.

[0032] Figure 2 shows the electrochemical cell of Fig. 1 with an insulating sheath 125 added

inside the bottom electrode container 109 and a socket welded compression fitting 120, in
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accordance with various embodiments of the invention. The sheath 125 and compression
fitting 120 need not be used in combination, but both are shown together in Figure 2.
lustratively, the material of the sheath 125 may advantageously be chosen to have better
corrosion resistance than the container 109. A sheath material that is non-electrically
conductive will also allow the cell to be used for battery applications, which add a second
clectrically conductive layer above the salt that must be kept insulated from the bottom
clectrode. The sheath 125 may be a separate solid part, and/or a coating on the interior walls
of the bottom clectrode 109. The addition of the socket welded compression fitting 120 allows

a larger passageway for loading material with the extension tube 105 removed.

[0033] Figure 3 shows a sheath 202 that includes and/or is attached to various materials
having, without limitation, different corrosion resistances and/or electrical characteristics, in
accordance with an embodiment of the invention. For example, the sheath 202 may be
attached to an electrically insulating ring 205 that separates the sheath 202 from the bottom
clectrode 201, therefore allowing the use of metallic sheaths. The bottom electrode container
201 material may be chosen to resist corrosion from the bottom metal 204 and salt 203, while
the sheath 202 may be chosen to resist corrosion by the salt 203 (and top metal in the case of a
liquid metal battery). As metals are typically less expensive than ceramics, by utilizing a
metallic sheath and minimizing the size of the insulating (ceramic) ring 205, lower cost may

be realized.

[0034] Figure 4 shows an clectrochemical cell that allows for stacking, while Fig. 5 shows
stacking of a plurality of the electrochemical cells of Fig. 4, in accordance with various
embodiments of the invention. A combination of cells 501 and 503 can be used to increase
the voltage (connected in series, as shown in Fig. 5) or the current capacity (connected in
parallel) in battery applications. Cell stacking can greatly simplify battery construction and
further improve the thermal efficiency of the device. Illustratively, the components of the
clectrochemical cells 501 and 503 may be the same as of Figure 2, with the exception of the
extension tube 105 now exiting the side of the container 109. An electrically insulated holder
may be added to enhance mechanical support of the top electrode from the cap. An electrical
insulating layer 128 may be used to separate each cell, with electrical connections made, for
example, at the end of the extension tubes 105. Instead of thermal insulating cach of the cells
501 and 503 individually, thermal insulation 505 may be placed around the plurality of
stacked cells 501 and 503.
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[0035] The extension tube in this invention allows for minimal thermal loss, and high thermal
efficiency. Because of its superior thermal efficiency, the possibility of self-heating by means
of joule heating can occur at much smaller scales than for previous cell design (Hesson, 1968).
This can be a benefit to the overall system efficiency as heating is provided by waste heat
generated by the passage of current through the electrolyte, instead of external heating

devices.

[0036] An important benefit of joule heating is that heat is generated at the center of the cell,
and careful control of current can allow a frozen wall of electrolyte to form at the sides of the
cell container. Frozen electrolyte is much less corrosive than in its liquid form and can offer a
protective layer for the container against corrosion (this feature can be decisive in some

clectrolysis processes).

[0037] Applications of embodiments of the invention include any electrochemical process.
Unlike conventional designs, embodiments of the invention may be built using standard parts,
leading to decreased complexity and increased effectiveness. The advantageous geometry of
the above-described embodiments of the invention also increase the thermal efficiency as the
cell is scaled up. This may be particularly advantageous for industrial applications.
Exemplary applications where its design features are particularly attractive include, without
limitation, electrolysis and electro-refining of reactive materials, high temperature electrolysis
and electro-refining, molten salt and molten oxide clectrolysis, fuel cells and batteries (e.g.

liquid metal batteries).

[0038] The embodiments of the invention described above are intended to be merely
exemplary; numerous variations and modifications will be apparent to those skilled in the art.
All such variations and modifications are intended to be within the scope of the present

invention as defined in any appended claims.
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CLAIMS

1. A cell for high temperature electrochemical reactions, the cell comprising:

a container, at least a portion of the container acting as a first electrode;

an extension tube having a first end and a second end, the extension tube coupled to
the container at the second end, forming a conduit from the container to said first end,

a second electrode positioned in the container and extending out of the container via
the conduit; and

a seal positioned proximate the first end of the extension tube, for sealing the cell.

2. The cell according to claim 1, further including an electrical insulation sleeve between the

second electrode and the extension tube.

3. The cell according to claim 1 or 2, wherein the seal includes an o-ring compression fitting.

4. The cell according to claim 3, further including a tee compression fitting positioned

between the first end of the extension tube and the o-ring compression fitting.

5. The cell according to claim 1 to 4, further including one or more heating elements

thermally coupled to the container.

6. The cell according to claim 5, further including thermal insulation for covering at least

portions of one or more of the heating elements, container and the extension tube.

7. The cell according to claim 6, wherein a portion of the extension tube is not thermally

insulated.

8. The cell according to claim 1 to 6, wherein the container includes at least one of an
insulating sheath within the container and an insulating coating on the inner walls of the

container.
9. The cell according to claim &, wherein the at least one of an insulating sheath and an
insulated coating has a different corrosion resistance relative to the inner walls of the

container.

10. The cell according to claim &, wherein the at least one of an insulating sheath and an
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insulated coating provides electrical insulation.

11. The cell according to claim 8, further comprising an clectrical insulation material
coupled between the container and the insulating sheath, and wherein the insulating sheath

include metal.

12. The cell according to claim 1 to 11, wherein the extension tube is removably coupled to

the container.

13. The cell according to claim 12, further comprising a socket compression fitting attached

to the container, the extension tube removably attachable to the socket compression fitting.

14. The cell according to claim 1 to 13, wherein the container includes top, bottom and side
walls, and wherein the extension tube is coupled to a side wall, allowing cells to be stacked

on top of each other.

15. The cell according to claim 1 to 14, further comprising at least one of an electrolyte, a

solid metal and a liquid metal within the container.

16. A method of making an electrochemical cell, the method comprising:

filling a container with material for electrolysis, the container including an opening,
the container for acting as a first electrode;

placing a second clectrode in the container via the opening;

placing a cap over the opening, an extension tube coupled to the cap, the extension
tube having a first end and a second end, the extension tube coupled to the cap at the second
end, forming a conduit from the container to said first end, wherein the top electrode extends
out of the container via the conduit;

installing a seal proximate the first end of the extension tube, for sealing the cell.

17. The method of claim 16, wherein filling the container with material for electrolysis is via

the opening, prior to placement of the cap.

18. The method of claim 16, wherein filling the container with material for electrolysis is via

the extension tube, subsequent to placement of the cap.

19. The method according to claim 16, further including providing an electrical insulation
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sleeve between the second electrode and the extension tube.

20. The method according to claim 16 to 19, wherein the seal includes an o-ring compression
fitting, the method further comprising providing a tee compression fitting positioned between

the first end of the extension tube and the o-ring compression fitting.

21. The method according to claim 16 to 20, further including providing at least one of an
insulating sheath within the container and an insulating coating on the inner walls of the

container.

22. The method according to claim 16 to 21, further including providing an electrical
insulation material coupled between the container and the insulating sheath, wherein the

insulating sheath includes metal.

23. The method according to claim 16 to 22, further including:
providing a socket compression fitting attached to the cap;
attaching the extension tube to the socket compression fitting; and

removing the extension tube from the socket compression fitting.

24. The method according to claim 16 to 23, wherein the container includes top, bottom and
side walls, and wherein the extension tube is coupled to a side wall, the method further
including:

stacking a plurality of the electrochemical cells on top of each other.
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