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(54) Metal oxide-hydrogen battery having sealed cell
modules with electrolyte containment and hydrogen
venting

(57) A metal oxygen-hydrogen battery having sealed cell
modules (2) includes electrolyte containment and
hydrogen venting. The battery includes an outer pressure
vessel (not shown) containing a plurality of cell modules
(2), each having a positive {(4) and negative terminal (6)
and containing a liquid electrolyte such as potassium
hydroxide. Each cell module is enclosed in a flexible
sealed bag which is impervious to the flow of the
electrolyte and may be a multi fayer structure (17, 18)
preferably composed of thermoplastic film. Each bag is
provided with a vent (22, 23) which is permeable to the
flow of hydrogen gas but impermeable to the flow of the
electrolyte and which may be composed of P.T.F.E fibres.
Electrical leads are connected to the terminals of each cell
module and extend in sealed relation through the bag.
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METAL OXIDE HYDROGEN BATTERY .
HAVING SEALED CELL MODULES WITH
ELECTROLYTE CONTAINMENT AND HYDROGEN VENTING
Background of the Invention

Metal oxide-hydrogen batteries, such as nickel
oxide-hydrogen batteries, have seen use as aircraft
starter batteries and in aerospace applications because
they are rechargeable, have an extremely long cycle life
and provide a uniform output during the entire discharge
cycle.

In the typical nickel oxide-hydrogen battery,
the battery cells are sealed in an outer pressure vessel
that contains pressurized hydrogen gas. On discharge of
the battery, the hydrogen gas diffuses through the
electrolyte surrounding the catalyst surfaces of the
negative plates and becomes disassociated to the mono-
atomic form. The mono-atomic hydrogen is ionized and
combines with hydroxyl ions to form water with an
electron being released in the process of forming each
hydrogen ion. In addition, hydroxyl ions are formed at
the positive electrode by the reaction of water with the
available oxygen content of the nickel oxide. As a
result of these reactions, an electron current is
produced in the exterior circuit.

On recharging, the reaction is reversed, with
the recharging being characterized by the regeneration of
hydrogen at the negative electrode and the reoxidation of
nickel hydroxide at the positive electrode.

Potassium hydroxide is commonly used as the
electrolyte in a metal oxide-hydrogen battery. Because
of the high wetability of potassium hydroxide, extreme
care must be exercised to prevent capillary migration of
the potassium hydroxide and bridging between the cell
modules anéd causing a shorting péth;

If oxygen produced during the cycling of the
metal oxicdz-hydrogen batteries'escapes from the cell
module, it can recombine non-ﬁﬁiformly in the various
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cell modules of the battery. Since the formation of
oxygen occurs by consuming water and its recombination
with hydrogen at any negative electrode forms water, the
net result of non-uniform recombination can lead to dry-
ing out of some cell modules which can hinder performance
of the battery and ultimately cause its failure.

Summary of the Invention

The invention is directed to a metal oxide-
hydrogen battery having sealed cell modules with liquid
electrolyte containment and free venting of hydrogen gas.
More particularly, the battery includes an outer pressure
vessel which contains a plurality of cell modules, each
having a positive and negative terminal, and containing a
liquid electrolyte, such as potassium hydroxide. Each
cell module is enclosed in a flexible sealed container,
such as a plastic bag, which is impervious to the flow of
the liquid electrolyte and can be formed of thermoplastic
film. The bag is preferably a multi-layer structure,
composed of an inner nylon film sandwiched between outer
layers of polyethylene film.

To permit the flow of hydrogen gas through the
bag, each bag is provided with a vent, preferably formed
of fibrous polytetrafluoroethylene (Gortex) which is
permeable to the flow of hydrogen gas but impermeable to
the flow of the liquid electrolyte. A portion of each
bag is spaced from the contained cell module to provide a
channel or manifold for the flow of gas within the bag.

Electrical leads are cénnected to the terminals
of each cell module’and extend in sealed relation through
the bag.

In a preferred form of the invention, each cell
module includes a pair of back-to-back positive elec-
trodes and a pair of negative electrodes located adjacent
the outer surface of the cell module in close proximity
to the vent. By locating the negative electrode adjacent
the vent, recombination of oxygen which is formed during
charge of the cell module is prq@ﬁted before the oxygen

s
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can escape through the vent with .the hydrogen gas streanm,
thus minimizing the possibility of drying out of cell
modules which can hinder performance of the battery.

In a modified form of the invention, each cell
module is contained within a pair of superimposed flex-
ible sealed bags and each bag is provided with a gas
vent. In this arrangement the vents in the superimposed
bags are not in direct alignment so that the hydrogen gas
must follow a torturous path in flowing through the vents
to the cell modules. The use of the double bag arrange-
ment further insures that there will be no leakage of the
electrolyte between cell modules.

The invention provides a positive containment
for the liquid electrolyte to prevent the electrolyte
from leaking between cell modules and forming an electri-
cal bridge and yet the construction freely permits the
passage of hydrogen gas between the cell modules and the
outer pressure vessel.

By positioning the negative electrodes adjacent
the vent in the bag, recombination of the oxygen is
promoted before the oxygen can escape through the vent
with the hydrogen gas stream, thus preventing drying out
of cell modules of the battery.

Other objects and advantages will appear in the
course of the following description.

Description of the Drawings
The drawings illustrate the best mode presently

contemplated of carrying out the invention.

In the drawings;

Fig 1 is a perspective view of a portion of
metal oxide-hydrogen battery incorporating the invention;

Fig 2 is a portion of a longitudinal section of
the battery showing a stack of cell modules;

Fig 3 is an enlarged fragmentary cross section

of a cell module; and
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Fig 4 is an enlarged fragmentary cross section
of a modified form of cell module using a pair of
superimposed bags.

Description of the Illustrative Embodiment

Figure 1 illustrates a rechargeable, metal
oxide-hydrogen battery, such as a nickel oxide-hydrogen
battery. The battery is composed of an outer pressure
vessel 1 that houses a group of generally cylindrical
cell modules 2 which are in side-by-side relation and
spaced apart by separator plates 3. Plates 3 have
peripheral flanges 3a that are engaged with the inner
wall of vessel 1. Plates 3 serve as heat transfer
members or fins to transfer heat from the cell modules to
the outer vessel and the plates can be constructed as
shown in the co-pending U.S. patent application Serial
No,o}/(sl,fs_(,o filed M feceabes 1AL .

Each cell module 2 can be constructed as
described in U.S. patent 4,957,830 and in general is
composed of a pair-of back-to-back positive electrodes 4
which are spaced apart by an electrolyte absorber layer
5, along with a pair of negative electrodes 6. The
negative electrodes 6 are separated from the adjacent
positive electrodes by separator layers 7. In addition,
a gas diffuser screen 8 is located on the outer surface
of each negative electrode 6.

Positive electrodes 4 can be in the form of
flat, porous, sintered metal plaques impregnated with
nickel hydroxide, while the negative electrodes are in
the form of fine mesh metal screens having a catalyst,
such as platinum black, bonded to one surface of the
screen through a hydrophobic polymeric material. A
liquid electrolyte, such as potassium hydroxide solution,
is impregnated into the fibrous separator layers 5 and 7
that separate the electrodes. The cell modules 2 can be
connected together either in series or parallel relation
to obtain the desired voltage output.
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Pressure vessel 1 can be constructed as des-
cribed in U.S. Patent 4,923,769, including a cylindrical
shell and dome-shaped heads. Vessel 1 com‘rises an inner
liner 9 formed as a metal, such as Incone&ﬂ&gtstainless
steel, and having an outer layer 10 of fiber reinforced
resin wound around the metal liner 9 by conventional
filament winding techniques.

Each cell module 2 is contained within a sealed
container such as a flexible bag 11, preferably formed of
thermoplastic resin. Bag 11 can be impervious to the
passage of the liquid electrolyte and thus prevents the
electrolyte from one cell module from migrating to an
adjacent cell module and thereby bridging the modules.
Bag 11 is preferably a multi-layer structure composed of
a central layer of nylon film sandwiched between outer
layers of polyethylene. The nylon film provides strength
for the bag while the polyethylene layers aid in heat
sealing the bag to provide a sealed structure.

As illustrated, the bag 11 can be an open-end
structure and the cell module is inserted into the open
end. The open end of the bag is then heat sealed, as
indicated by joint 12, to provide a completely sealed
enclosure for the cell module 2. As seen in Fig 3, the
sides and upper end of the bag are draped in contiguous
relation to the corresponding sides and end of the cell
module, while the lower end of the bag is spaced from the
lower end of the cell module to provide a space or
channel 13 for the flow of hydrogeh gas.

To permit the flow of hydrogen gas between the
cell modules and the interior of the pressure vessel 1,
each bag is provided with one or more vents 14. Vents 14
are permeable to the flow of hydrogen gas but impermeable
to the flow of the liquid electrolyte so that the
electrolyte cannot pass through the vents to the exterior
of the bag. Vents 14 are preferably formed of a material
sold ??935 the trade name Gortex which is composed of

Teflonifibers (polytetrafluoroethylene).
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The positive and negative electrodes 4, 6 of
the cell modules 2 can be connected together in the
desired manner by a conductor mechanism 15 of the type
described in co-pending United States Patent Application
Serial Number 07/133colk filed L% Octobier (941 and
which extends in sealed relation through aligned openings
in each of the bags 11. A positive terminal bracket 16
is connected to one end of the conductor mechanism 15,
while a negative terminal bracket, not shown, can be
connected to the opposite end of the conductor mechanism.

Fig 4 shows a modified form of the invention in
which each cell module 2 is enclosed by a pair of super-
imposed bags 17 and 18. The bags 17 and 18 are con-
structed similar to bags 11 of the first embodiment and
are preferably formed of a thermoplastic material which
is impervious to the flow of the liquid electrolyte. As
shown in Fig 4, the lower open ends of bags 17 and 18 are
brought together into contiguous relation and joined
together by a pair of spaced heat seals 19 and 20. The
use of a pair of spaced heat seals further insures that
bags will be sealed and there will be no leakage of
electrolyte through the sealed areas. As in the case of
the first embodiment, the lower end of the inner bag 17
is spaced from the corresponding end of the cell module 2
to provide a space 21 which serves as manifold or channel
for the flow of hydrogen gas in the cell module.

Inner bag 17 is formed with a vent 22, similar
in construction to vent 17 of the first embodiment.

Outer bag 18 is also formed with a vent 23 of similar
construction. Vents 22 and 23 are preferably located on
opposite faces of the cell module and are not in direct

‘alignment, thus providing a torturous path for the flow

of any liquid electrolyte that may possibly escape
through the vent 22 in the inner bag.

With the construction of the invention the
electrolyte is fully contained within each cell module by
the sealed container or bag thus preventing the electro-
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lyte from bridging from one cell module to another and
causing a shorting path.

As a further advantage, the vents 14, 22 and 23
are located adjacent the negative electrodes of the
cell modules. This location of the vent in close
proximity to the negative electrode promotes the
recombination of oxygen with hydrogen at the negative
electrode, resulting in a more uniform recombination
and preventing drying out of cell modules in the
battery.

While the description has illustrated the cell
modules as being generally cylindrical, it is
contemplated that the cell modules can have different
configurations, as for example, semi-cylindrical or
rectangular.

Various modes of carrying out the invention are
contemplated as being within the scope of the following
claims particularly pointing out and distinctly
claiming the subject matter which is regarded as the

invention.

FS
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CLAIMS

1. In a metal oxide-hydrogen battery, a
bressure vessel, a plurality of cell modules disposed in
the pressure vessel and each cell module having a posi-
tive electrode and a negative electrode, a liquia
electrolyte contained in each cell module, a sealed
container composed of an electrically insulating material
enclosing each cell module, said container being impervi-
ous to the flow of said liquid electrolyte, vent means
disposed in each container, said vent means being
permeable to the flow of hydrogen gas and impermeable to
the flow of said liquid electrolyte, and electrical
conductor means extending in sealed relation into each
container and connecting said electrodes in an exterior
circuit.

2. The battery of claim 1, wherein each cell
module includes a pair of positive electrodes and a pair
of negative electrodes, said positive electrodes being
disposed in back-to-back insulated relation and said
negative electrodes being disposed adjacent the outer
surface of said cell module, said vent means being
disposed adjacent a negative electrode.

3. The battery of claim 1, wherein a portion
of the container is out of contact with the corresponding
cell module to provide a space therebetween for the flow
of gas.

4. The battery of claim 1, wherein said
container is provided with a fused seam, said seam being
spaced from said cell to provice a space therebetween for
the flow of gas.

5. The battery of claim 1, wherein each cell
module includes a pair of opposed faces, said container

having a pair of generally parallel side surfaces each
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disposed in generally contiguous relation to a face of
said cell module.

6. The battery of claim 1, wherein each cell
module is generally semi-cylindrical in configuration and
includes a curved peripheral surface, a portion of said
container being spaced from said peripheral surface to
provide a chamber for the flow of gas therein.

7. In a metal oxide-hydrogen battery, an
outer pressure vessel, a plurality of cell modules
disposed in said pressure vessel with each cell module
having a positive electrode and a negative electrode, a
liquid electrolyte disposed within each cell module, a
pair of sealed containers disposed in superimposed
relation around each cell module, each container being
composed of an electrically insulating material and being
impervious to the flow of said liquid electrolyte, a vent
disposed in each container with said vents being perme-
able to the flow of hydrogen and impermeable to the flow
of said liquid electrolyte, and electrical conductor
means extending in sealed relation through said contain-
ers and into contact with said electrodes for connecting
said electrodes in an exterior circuit.

8. The battery of claim 7, wherein said vents
are out of direct alignment.

9. The battery of claim 7, wherein each
container comprises a flexible plastic bag.

~ 10. The battery of claim 9, wherein each bag
is composed of a film of nylon sandwiched between outer
films of polyethylene

11. The battery of claim 7, wherein said vents
are disposed at opposite surfaces of the respective cell
module.

12. The battery of claim 7, wherein each vent
is composed of polytetrafluoroethylene fibers.

13. The battery of claim 7, wherein a portion
of the inner bag is spaced from said cell module to
provide a chamber for the flow of hydrogen gas.
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14. A metal oxide-hydrogen battery, comprising
an outer pressure vessel, a cell module disposed within
the pressure vessel and having a positive electrode and a
negative electrode, a liquid electrolyte impregnated
within said cell module, a flexible sealed bag composed
of thermoplastic material encapsulating said cell module,
said thermoplastic material being impermeable to the flow
of liquid electrolyte, vent means disposed in the bag and
characterized by being permeable to the flow of hydrogen
gas and impermeable to the flow of said liquid electro-
lyte, said negative electrode being disposed adjacent
said vent means, and electrical conductor means extending
in sealed relation through said bag and into contact with
said electrodes to connect said electrodes in an exterior
circuit.

15. The battery of claim 14, and including a
second flexible sealed bag disposed around said first
bag, and second vent means in said second bag, said
second vent means being characterized by being
impermeable to the flow of hydrogen gas and impermeable
to the flow of the liquid electrolyte, said second vent
means being disposed out of direct alignment with said
first vent means.

16. The battery of claim 1, wherein said

container is a flexible plastic bag.

17. A battery substantially as hereinbefore
described with reference to and as illustrated in the
accompanying drawings.
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