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COMTRACTUAL ORIGIN OF THE INVENTION

The United States Government has rights in this inven-
tion pursuant to Contract No. W-31-109-ENG-38 between the
U.S. Department of Energy and Argonne National Laboratory.

BACKGROUND OF THE INVENTION

This‘invention relates to high temperature secondary
electrochemical cells and batteries of such cells that can
be used as power sources for electric vehicles, storage
of off-peak power production and various other applications.

There has been a substantial amount of work in the
development of such high temperature, high power électro—'
éhemical cells and their electrodes. One group of such

cells that show promise include alkali metals or alkaline

.earth metals and their alloys with more inert materials

as negative electrodes. 1In the positive electrodes of such
cells chaloyens and transition metal chalogenides are con-
templated as active materials. Typical examples include
lithium, sodium or calcium and alloys of these active mate-
rials with more inert elements such as aluminum, magnesium
silicon or boron as a negativevelectrode ﬁaterials. In

the positive electrode, transition metal sulfides such as
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iron sulfide, cobalt sulfide, copper sulfide, nickel sul-
fide and others have been of particular interest. Electro-
lytes of alkali metal halides and alkaline earth metal
halides are typically used in these cells.

High temperature electrochemical cells of these types
are illustrated in the following patents:

Artzen, U.S. Patent No.'4,110,517 shows an electro-
chemical cell design that employs frangible forms of
ceramic materials as electrically insulative cell
separators.

Vissers et al, U.S. Patent NHo. 4,029,860 illustrates
a compartmented or honeycomb structure used as a current
collecior to support electrochemically active material
within an electrode.

Kaun et al, U.S. Patent No. 4,011,374 describes the
use of a resin into which various electrochemically active
materials are blended for preparing electrodes. |

mathérs et al, U.S. Patent No. 4,086,396 describes the
use of powdered electrically insulative ceramics as separa-
tors between electrodes of opposite polarity.

Shimotake et al, U.S. Patent No. 4,172,926 discloses
a secondary electrochemical cell design in which various
active material forms suitable for use in high temperature,
high specific energy electrochemical cells are described.

Previous secondary electrochemical cells under develop-
ment have contained flat plate-type electrodes within
prismatic or cylindrical housings. Electrically con-
ductive current collectors have extended throughbut the

flat plate design to be accessible to the active material
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within thenéell. Electrically insulative separator

material has extended over and around both flat surfaces
between electrodes and over the edge surfaces facing the
cell housing. The cells of prismatic>shape, althouyh con-
veniently packed within a battery housing, contain less
volume per unit wall area than comparable cylindrical
structures, consequehtly they generally exhibit an increased
weight per unit of energy storage capacity. ©Such flat plate
electrode structures are generally prepared by pressing
operations thatArequire separate loading and pressing

steps for each electrode or electrode separator nember.

Previous cylindrical cells have included central pin
electrodes of for instance lithium aluminum alloy and an
annular electrode of for.instance FeS surrounding the
central pih. A porous ceramic separator of electrically
insulative material is positioned between the electrodes.
Cells Qf this type have the shortcomings of small cell
capacity and limited power capability. Increased electrode
diameters and thicknesses to increase capacity decreases
interelectrode surface and thus poﬁer for a given weight.
Alternatively, the use of very'elongated or a large ﬂ
number of small diameter cells presents cumbersome
packaging and connection problems.

Therefore, in view of the foregoing electrochemical
cell desigyns and procedures it is an dbject of the present
invention to provide an improved electrochemical cell with
electrodes of cylindrical design.

It is a further object to provide an electrochemical

design in which use of electrically insulative separator
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material is in general restricted to between electrode
surfaces of opposite polarity.

It is a further cbject of the present invention to
provide an electrochemical cell containing a plurality of
electrode elements of tubular or pin shape to permit their
fabrication by extrusion and other continuous processes.

SUMMARY OF 'THE INVENTION

In accordance with the present invention, an electro-
chemical céll is provided that includes an elongated’
electrically conductive cell ccontainer in electrical
commuﬁication with a first electrochemically active material.
A plurality of first electrically conductive tubes with
perforate walls éerving as current collectors are affixed_
lengthwise within the cell container in electrical communi-
cation with the container and the first active material.
Each of the perforate tubes includes a tubular layer of
electrically insulative ceramic concentrically disposed
within lts inner circumference. Concentrically and length-
wise within the electrically insulative tubular layers
and perforate tubes are elongated pins of a second active
material of opposite polarity to the first active material.
The cell further includes electrical terminai means for
electrically communicating separately with the first and
the second active matérials.

In more specific aspects of the invention, the electro--
chemical cell container is of cylindrical shape and sub-
stantiaily filleé in its volume outside the plurality of
first electrically conductive tubes with the first active

material. 1In one other important aspect, particularly for
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electrochemical cells including.- active materials such

as FeS and LiAl alloy that are compatable with low carbon
steel and other less expensive current collector materials,
there is provided a second perforate tube of electrically
conductive material between the electrically insulativev
tubular layer and the axial electrode pin. In this arrange-
ment, the second electrically conductive tube can be bonded
onto the outside surface of the electrode pin.

In one other more specific embodiment of the invention,
the elongated cylindrical pin of electrochemically active
material can include a longitudinal core of electrically
conductive material sexrving as a current collector. An
axial current collector of this form can be used in place
of the inner perforate tube discussed above when more
electrochemically corrosive active materials such as FeS2
are selected for use in the cylindrical pin electrode.

This active material can be retained within the remaining
peilurdte tube but séparated trom it by the tubular layer
of electrically insulative ceramic.

A [urther importahnt embodiment of this invention
includes solid disk shaped layers having circular openings
through the thickness thereof adapted to snuggly nest and
stack around each of the plurality of first electrically
conductive tubes. The solid disk shaped layers are of the
first eléctrochemically active material. Other specific
forms of the first electrochemically active material include
granular material such as transition métal chalogenide
vibrated into the open volume intermediate, the individual

electrically conductive tubes affixed within the cell
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container. In one other form the first electrochemically
active material can include a solidified melt ¢f alkali
metal or alkaline earth metal, halides uniformly containing
a granular transition metal chalogenide within the volume
outside the first electrically conductive tubes affixed
within the cell container.

BRIEF DESCRIPTICN OF THE DRAWINGS

The present invention is illustrated in the accompany-
ing drawings wherein:

Fig. 1 is an elevation view partially broken away of
a cylindrical electrochemical cell. |

Fig. 2 is a top Qiew partially broken away of the
electrochemical cell of Fig. 1.

Fig. 3 is an enlarged fragmentary view of the upper
and lower portions of electrodes'partially broken away in
the electrochemical cell of Fig. 1.

Fig. 4 is a fragmentary view partially broken away
of an alternate electrode form.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Figs. 1 and 2 of the drawings illustrate an elongated
electrochemical cell within a cylindrical‘shaped container
11. Nested within the cell contaiﬂer are a plurality of
first electrically conductive tubes 13 of perforate material
containing electrodes of a common polarity extending length-
wise within the cell container.

Although both the container and the tubes are illus~
trated of circular cross-section as a preferred embodiment,
it will be clear that various other shapes may also be

selected for use. For instance, the container and tubes
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need not be of the same shape in cross-section as tubes 13
can be nested into a container having various polygonal
(i.e. hexagonal or octagonal) cross-sections. Alternately
the first electrically conductive tubes 13 can be elongated
hollow members with polygonal cross-sections nested within
the container of various cross-sections. Howevér, for
purposes of the present application tubes and containers
of the preferred circular cross-sections are illustrated
and discussed. A

A first electrochemically active material 15 is filled
within the void volume within cell container 11 around the
first electrically conductive perforate tubes 13. Tubes
13 are therefore at the sameée polarity‘and serve as current
collectors for the first active material 15. These tubes
can be of perforated metal as shown or of metal mesh,
screen, expanded metal and cother like perforate construc-
tion. To ensure adeguate support and electrical contact
between electrically conductive tubes 13 and cell container
11, an electrically conductive member or perforated disk
17 is metallurgically bonded or otherwise firmly affixed
by known means to the bottom portion of the electrically
conductive tubes 13 and to the cell container 11. Member
17 thereby provides physical support for the electrically
conductive tubes 13 and good electrical contact between
tubes 13 and the cell container. A similar disk or member
18 can be installed at the top portion of the cell. Since
perforate electrically conductive tubes 13 act as current
collector for the active electrode material 15, and are

as described in firm electrical communication with cell
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container 11, cell container 11 can be adapted to serve
as a terminal of like polarity to that of electrochemically
active material 15.

Considering Fig. 3 in conjunction with the other
Figures, the manner in which the electrode components
within the electrically conductive tubes 13 are discussed
and illustrated. A tubular layer 19 of electrically insula-
tive ceramic is shown on the inner surface of eléctrically
conductive tube 13. Tubular.layer 19 acts as an inter-~

electrode separator between electrochemically active material

15 and an elongated cylinder or pin of electrochemically

active material 21 of opposite polarity. The separator 19
may be in various forms such as felt, fabric, cloth, paste
or powdered material. Well known materials such as magnesium
oxide, aluminum nitride, calcium sulfide, yttria and boron
nitride are exemples of suitable electrically insulative
ceramics that can be selected. Mixtures of materials or
forms can be usea. For instance, Mg0O powder and possibly
binders can be filled into boron nitride felt and the
composite pressed intn a compact separator form. |

A second perforate tube 23 is illustrated around the
pin of electrochemically active material 21. Tube 23 serves
as an electrically conductive current cocllector in contact
with active material 21. The ends of current collector
tube 23 are capped and the top portion is formed into
electrical communication with the electrode terminal 25
axially extending frcem the top cap. A terminal disk or
cther =suitable type electrical connection bus 27 inter-

connects each of the electrode terminals 25 and electrically
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communicates with a cell terminal 29 corresponding to the
polarity of electrochemically active material 21. Terminal
29 is illustrated extending through but insulated from

the top wall of container 11 by electrical feedthrcugh 31.
Electrically insulative layers 33 and 34 are positioned

at the top and the bottom of the cell container 11 to
electrically separate electrode components associated with
active material 21 from the cell container.

In Fig. 4, an alternate pin construction is illustrated
in which the inner electrically conductive cﬁrrent collector
(perforate tube 23 in Fig. 3) is replaced with an axial
core 35 of electrically conductive material in electrical
contact with electrochemically active material 21. Core 35
is made integral with or bonded, attached or otherwice
electrically coupled to electrode terminal 25. This form
of electrode pin is particulerly suitaéle when materials
such as iron disulfide is used as active material and re-
quire high cost current collector materials such as
molybdenum to resist corrosion.

The electrochemical cells described and illustrated
can include either the positive or the negative electro-
chemically active material in either of the locations
designated for the active materials 15 and 21. However, in
certain cells one or other of the arrangements may be more
advantageous. For instance, in a lithium aluminum alloy-
FeS cell thé lithium aluminum alloy can advantageously be
extruded into a continuous rod and cut into appropriate
lengths as illustrated at pin electrodes 21. A steel

perforate tube illustrated at 23 can be swagged or other-
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wise bonded to the outside‘of the lithium aluminum electrode
pin. The ceramic separator material 19 can be applied to.
the outside surfaces of tuke 23 by known techniques such
as high temperature spraying, coating in mixture with
an organic binder which is later removed or wrapping as a
felt or cloth around the outer surface.

In a cell of this arrangement, thé current collectors
13 for the FeS electrochemically active material can be
welded, bonded or otherwise affixed in electrical |
communication with cell container 11 in readiness for
receiving the prefabricated assemblies of active material
pins 21, current collector tubes 23 and serarator material
19. After positioning these electrode assemblies contain-
ing active material 21 in tubes 13, the positive electrode
material 15 and electrolyte, such as LiCl-KCl, can be filled
into the cell volume around current collector tubes 13.
The electrolyte and active material mixture can be vibrated
in powdered form or poured as a paste or slurry into that
volume. 1In one other procedure, solid disks of positive
electrode material 15 and electrolyte (illustrated as 15a,
15b, 15¢ and 154 in Fig. 3) can be prepared with circular
openings corresponding to the outside diémeters of current
collector tubes 13. The disks are then stacked in place
dur ing thé assembling of the cell prior to installing
the upper cell components.

It is therefore seen that the present invention prec-
vides an electrochemical cell in which the container current
collectors and interelectrode separators are effectively and

economically used. The cylindrical cell container provides
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the advantages of less outside wall area per unit cell
volume and thus‘potential for a reduced cell weight but
without sacrificing iﬁterelectrode sur face. The use df a
plurality of tubular electrodes within a cylindrical cell

container provides economies in separator and current

‘collector use. The cell design is also appropriate for

empioying extrusion and other ccntinuous processes in
the fabrication of cell components to facilitate cell
construction and assembly.

Although the present invention is described in terms
of specific embodiments, it will be clear that various

changes and modifications can be made in the materials,

structure and process steps within the scope of the following

claims.
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ABSTRACT OF THE DISCLOSURE

A secondary, high temperature electrochemical cell
especially adapted for lithium alloy negative_electrodes,
transition metal chalcogenide pogitive electrodes and alkali
metal halide or alkaline earth metal halide electrolyte is
disclosed. The cell is held within an elongaﬁed cylindrical
container in which one of the active materials is filled
around the outside surfaces of a plurality of perforate
tubular current collectors along the length of the container.
Each of the current collector tubes contain a concentric
tubular layer of electrically insulative ceramic as an
interelectrode separator. The active material of opposite
polarity in elongated pin shape is positioned longitudinally
within the separator layer. A second electrically con-
ductive tube with perforaﬁe walls can be swagged or other-
wise bonded to the outer surface of the pin as a current
collector and the electrically insulative ceramic layer
can be coated or otherwise layered onto the outer surface
of this second current collector. Alternatively, the
central pin electrode can include an axial core as a

current collector.
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