PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 :

HO1IM 12/08 Al

(11) International Publication Number:

(43) International Publication Date:

WO 95/12902

11 May 1995 (11.05.95)

(21) International Application Number: PCT/US94/12249

(22) International Filing Date: 26 October 1994 (26.10.94)

(30) Priority Data:

08/146,997 1 November 1993 (01.11.93) UsS

(71) Applicant: ERGENICS, INC. [US/US]; 247 Margaret King
Avenue, Ringwood, NJ 07456 (US).

(72) Inventor: GOLBEN, P., Mark; 142 S. Main Street, Florida,
NY 10921 (US).

(74) Agent: ECONOMOU, Vangelis; Dorn, McEachran, Jambor &
Keating, 55 East Monroe Street, Chicago, IL 60603 (US).

(81) Designated States: AU, BR, CA, JP, KR, SE, European patent
(AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE).

Published
With international search report.

(54) Title: IMPROVED HYDROGEN ELECTROCHEMICAL CELL HOUSING

(57) Abstract

An electrochemical battery (10) made of 54 /4 V4
stacked cells (12) which are separated by separator ¥4 /
plates (24) comprising good heat conductive mate- . 443
rial, e.g., nickel, stainless steel or copper. The sep- 58 42. 44 80
arator plates extend beyond the edge of the stacked 74 -
cells and outside the enclosure of the battery. The \ g
separator plates directly conduct heat, which is gen- ; k ¢
erated by the electrochemical process, from the bat- Y EZLLL, L2LL 46
tery cells to the ambient environment. Sealing of &\\\\XK\ X\\\ \ ;ﬁ
the enclosure between the separator plates is pro- 77 {,_?ﬂ 72 474
vided by an O-ring (78) or, alternatively, by a bel- 1 k2 Y] /' 7
lows (70) sealed to adjacent separator plates by O- ! / Zé |
rings. Sealing is possible for hydrogen at low pres- Ly e Y
sure which is present in batteries utilizing a metal- /4 - o 4 7
hydride hydrogen storage capacity. A i 7%
l ” 7 % 72;;9
/8 V3 d 7
— e | B
/= 4 74
! 39, 72
% NUUUSUSSNN |
Q/ 7 \ N
58 v N NSL
N
50 5z 8 \NEZE
82 NNz
| 24 N

N
X
\|




applications under the PCT.

AT
AU
BB
BE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus
Canada

Central African Republic
Congo
Switzerland
Coéte d’Ivoire
Cameroon
China
Czechoslovakia
Czech Republic
Germany
Denmark

Spain

Finland

France

Gabon

United Kingdom
Georgia

Guinea

Greece

Hungary

Ireland

Ttaly

Japan

Kenya

Kyrgystan
Democratic People’s Republic
of Korea
Republic of Korea
Kazakhstan
Liechtenstein

Sri Lanka
Luxembourg
Latvia

Monaco

Republic of Moldova
Madagascar

Mali

Mongolia

Mauritania

Malawi

Niger

Netherlands
Norway

New Zealand
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Slovenia

Slovakia

Senegal

Chad

Togo

Tajikistan
Trinidad and Tobago
Ukraine

United States of America
Uzbekistan

Viet Nam




10

15

20

25

30

WO 95/12902 PCT/US94/12249

IMPROVED HYDROGEN ELECTRQCHEMICAL CELL HQUSING

Related Patent Information

This invention is the subject of Disclosure
Document No. 331230 filed on May 24, 1993, and incorporated
by reference herein. U.S. Patent No. 5,250,368, assigned to
a common assignee as the present invention, teaches using a
metal hydroxide-hydrogen battery operating at low hydrogen
pressure, which low pressure battery is essential for use of

the inventive embodiments described herein.

Background of the Invention

Field of the Invention

This invention relates generally to metal oxide
hydrogen batteries and more particularly to metal oxide-
hydrogen batteries which provide for withdrawal of heat
generated during battery operation.

Background Art

Metal oxide hydrogen batteries and in particular
nickel oxide hydrogen batteries are expected to play a
prominent role in research and development for and the future
production of electric vehicles.

Metal oxide hydrogen batteries have been proposed
which provide electric power through introduction of hydrogen
within an enclosed chamber. The enclosed chamber is
necessarily contained within an outer pressure vessel because
of the‘high pressures which are generated by the introduction
of hydrogen from a storage capacity outside of the pressure
vessel. Such a device is described in U.S. Patent No.
5,162,171 issued to Jones.

Devices of this type require heat removal from the
pressure vessel because the hydrogenation-dehydrogenation
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process which occurs during discharge and recharge of the
batteries generates tremendous amounts of heat. Devices of
this type comprise battery cells within the high bressure
chamber and include a series of flat bodies or fins having
flanges which abut a metal wall of the high pressure chamber.
Heat generated by the cell is transferred through the metal
bodies and through the flanges into the wall of the high
pressure vessel and the high pressure vessel then dissipates
the heat into the ambient environment.

Heat transfer efficiency of these types of devices
necessarily depends upon the quality and amount of contact
between the flanges of the fins and the walls of the pressure
vessels. Consequently, some mechanism is required to
overcome a number of problems. A major problem is to provide
and maintain good contact between the flanges or fins and the
outer wall. For example, the flanges must be discontinuous
around the edge of the fins so as to enable the flanges to
conform to outer vessel shells that may be slightly out of
round. Moreover, other considerations such as expansion of
the outer walls of the pressure vessel and of the flanges and
fins during battery operation must be taken into account in
designing. these types of devices.

Another major consideration is cost. High pressure
hydrogen batteries require a massive and structurally
integral enclosing outer pressure vessel, as such batteries
cannot operate without the vessel. Due to safety
considerations, these outer pressure vessels must be very
strong and are tested to pressures several times the maximum
expected hydrogen pressure. Should the vessel have a
structural flaw such as a weak spot or even a minuscule leak,
there exists danger of hydrogen escape and possibly of
accelerated hydrogen combustion. The risk of such an event
for high pressure hydrogen is such that extraordinary, and
extremely expensive, measures are necessary to avoid the

possibility of a catastrophic event.
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Another factor adding to the cost of high pressure
hydrogen batteries is the inability to change the
configuration of the outer pressure vessel. That is,
predetermined sizes and shapes of pressure vessels may be
available, but the design of any device utilizing a hydrogen
battery of the high pressure type must necessarily take into
account the size and shape of the battery and hydrogen source
vessel. Although these may be to some extent customized for
a specific need, such customization also incurs great

expense.

Summary of the Invention

What is needed is a battery construction which
permits heat to be transferred from the inside of a battery
enclosure efficiently and effectively. Preferably, heat
removal is not dependent on the transfer of heat through a
contact between separate elements of the device.
Furthermore, a modular system which can be built up or taken
apart as the particular needs of an end user require is
preferable over a standard size and shape of a hydrogen
battery. Also, a battery utilizing hydrogen at low
temperatures is to be preferred over a high pressure type so
as to avoid the necessity of a massive, bulky and expensive
outer pressure vessel, and to decrease the risk of hydrogen
escape because of a weak point or a leak in the vessel. 1In
accordance with the present invention, there is provided a
nickel hydrogen cell battery design which includes separator
plates or fins that extend outside the containment walls of
the battery.

The invention further provides for a low pressure,
modular, bi-polar electrochemical battery comprising a stack
of bi-polar metal hydride battery cells, the edges of said
cell defining a cell stack outer surface, a positive
electrode disposed at one end of said cell stack, a negative
electrode disposed at the other end of said cell stack, an
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enclosed, airtight housing for said battery cell stack
including a first end plate disposed at said one end of said
battery stack adjacent said positive electrode, a second end
plate disposed at said other end adjacent said second
electrode, a series of separator plates extending laterally
beyond the edges of the stacked battery cells and being
disposed between adjacent ones of said battery cells to
separate each cell from adjacent cells, means to seal between
the separator plates, and hydrogen communication means
between said housing and a source of hydrogen removed and
separated from said housing.

Brief Description of the Drawings

Fig. 1 illustrates in a cross-sectional view an
embodiment according to the present invention.

Fig. 2 illustrates a detail of the longitudinal
wall according to a second embodiment of the present

invention.

Detailed Description of the Preferred Embodiment

Fig. 1 illustrates in a cross-sectional view an
inventive electrochemical battery cell and improved housing
10. For purposes of clarity, only two battery cells are
shown in the battery 10. However, any number of battery
cells can be utilized in the battery 10 provides that all of
the various elements making each battery cell 12 are included
therein. Any number of battery cells may be used and the
device may be customized to provide the number of battery
cells necessary for a particular need of the end user. Each
of the battery cells has identical elements, thus the
identifying numerals for the various elements will be
identical for each of the cells.

In general, any type of metal hydroxide-hydrogen
cell may use the teaching of this invention. For purposes of

illustration, a pair of nickel hydroxide-hydrogen cells are
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used. Such cells are described in U.S. Patent No. 5,047,301
which is commonly assigned to the assignee of the present
invention, and the teaching of that patent is incorporated by
reference herein.

Each cell 12 comprises a positive electrode 14 of
nickel hydroxide (Ni(OH)9) which is placed into contact with
a soaked separator 16, generally comprising a glass fiber
material that has been soaked in potassium hydroxide (KOH) .
The separator 16 separates the positive electrode 14 from the
negative electrode 18 which in this case comprises platinum
(Pt). A hydrogen diffusion screen 20 comprising a nickel or
copper fine mesh screen is disposed adjacent the negative
electrode 18. Each of these elements comprise essentially
flattened bodies with substantially planar surfaces which may
have a circular or other shape so that surfaces between the
adjacent elements may interact.

Separating any two adjacent cells 12 is a heat and
electrical conductive separator plate 24 which extends beyond
the edge of the stack of the cells 12. As will be explained
below, the separator plates 24 conduct heat outside of the
enclosure of the battery and should comprise a good conductor
of heat and electricity, such as nickel, stainless steel or
copper. Preferably, this material is capable of withstanding
corrosion which may result from contact with the potassium
hydroxide in the battery. Throughholes 26 of the separator
plate 24 provide a means for hydrogen to flow therethrough
and may be equidistantly disposed around the periphery of the
separator plates 24. Separator plates 24 preferably have a
diameter which is larger than the diameter of the battery
cell elements 14,16,18.

The cell stack is bounded by current collecting
plates 30,40 at either end of the stack. Using the two cell
stack in Fig. 1, a positive electrode current collecting
plate 30 is disposed adjacent the nickel hydroxide positive
electrode 14 which is at the lowermost end of cell 12, the
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cell 12 being at the lowermost end of the cell stack. The
current collecting plate 30 has an identical flat shape as do
the elements comprising the cells; that is, if the elements
are round, then the plate 30 is round; if square, then the
plate 30 is square.

Plate 30 is connected to or integral with a
positive electrode lead 32 which extends away from the
battery and can be connected to a device that uses the
electricity provided by the battery 10. Outside the battery
housing, the electrode lead 32 includes threads 34 for
screwing on an electrically connecting nut.

Similarly, a negative electrode collector plate 40
is disposed at the opposite end of the stack at the
uppermost end of the cell stack, as shown in Fig. 1. The
plate 40 adjoins the hydrogen gas diffusion screen 20 which
is at the uppermost end of the uppermost cell 12. The
negative electrode lead 42 extends outwardly from the plate
40 and from the stack of cells 12 to provide a negative
electrode lead to complete the electrical circuit provided by
the battery. Threads 44 are provided around the negative
electrode lead 42 outside the battery housing in a
conventional manner to provide an appropriate electrical
connection to the battery.

End plates are also provided at either end of the
stack of cells 12 to maintain the stack of cells together in
the battery and to provide end walls for the battery
enclosure. End plate 50 is disposed adjacent the positive
electrode current collecting plate 30 and is insulated
therefrom and from the lead 32 by appropriate insulation 52.
The insulation 52 extends through a centrally disposed
aperture 54 in the end plate 50 which also provides a through
hole for the extension of the lead 32. The electrical
insulation 52 separates the end plate 50 from the battery
stack of cells 12 to prevent a short-circuit of the
electrical circuit.
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The end plate 50 further includes a tubular
projection 54 having a bore 56 within it, which bore 56
extends through the end plate 50 and away from the battery
10. The bore 56 provides a hydrogen gas connection to gas
purification equipment and to a source of hydrogen as is
described in aforementioned U.S. Patent No. 5,250,368. The
end plate 50 also includes two holes 58 for joining the end
plate to a second end plate 60 disposed on the opposite end
of the battery stack.

The second end plate 60 is provided on the opposite
end of the battery stack of cells 12 and is essentially
identical to the end plate 50, except that in the preferred
embodiment plate 60 includes insulation 62 within a
throughhole 64, centrally located in the end plate 60,
through which the negative electrode 42 extends. Axially
extending throughholes 68, at peripheral edges of the end
plate 60, match the pattern of peripheral through holes 58 in
the end plate 50 so that when lined up, the peripheral
through holes 58,68 are coaxial.

The end plates 50,60 are part of the inventive
enclosure for the battery stack of cells 12 and provide two
end walls therefor. A longitudinally extending series of
bellows 70 are disposed around the battery stack, one bellows
around each of the battery cells 12. A first bellows 70
includes an outwardly facing end having an annular groove 72
which is adjacent the flanged portion 66 of the end plate 60.

The bellows may comprise an appropriate material, such as
plastic or metal.

An O-ring 74 made of an appropriate material that
can withstand a significant amount of heat, such as VITON, is
disposed within the groove 72 and provides a seal between the
bellows 70 and the end plate flanged portion 66. At another
end of the bellows 70, an outwardly facing groove 76, which
extends annularly about that end of the bellows 70, is formed
to receive a second O-ring 78 which seals that end of the



10

15

20

25

30

35

WO 95/12902 PCT/US94/12249

bellows against the separator plate 24 disposed between the
battery cells 12. Thus, a seal is formed between the bellows
and the end plates of the flanged portion 66 and between the
bellows and the separator plate 24.

An adjacent next cell 12, indicated in Fig. 1, also
has a bellows 70 and an end in which a groove 74 is disposed
adjacent the flanged portion 53 of the end plate 50. The
bellows end comprises an end portion which includes a groove
76 adjacent the separator plates 24 in which an O-ring 78
seals the bellows to the separator plate. The bellows are
expandable to a limited degree in the vertical or axial
direction while maintaining a seal between all of the battery
cells within the housing provided by the bellows and the end
plates 50,60. Of course, in a commercial embodiment of the
present invention, a number of battery cells arranged in a
stack will be used and thus certain bellows will be required
to seal between two separator plates 24 rather than between a
separator plate 24 and an end plate 50,60 as shown in Fig.

1.

The battery cell stack and the bellows
constructions are held together in the stack by the end
plates which depress the stack of cells 12 and the bellows 70
together. Alignment of the end plates and separator plates
is provided by a series of threaded shafts 80 disposed
through the end plate bore 58, through each of the separator
plate bores 28 and through the end plate bore 68 of end plate
60. One end of the threaded shaft 80 may comprise a bolt
head 82 which is adjacent one of the end plates 50,60. The
embodiment of Fig. 1 shows the bolthead 82 adjacent to end
plate 50 for reasons of placement efficiency. The other end
of the shaft 80 includes a nut 84 and a washer 86 that is
threaded on to the end of the threaded shaft 80. The nuts 84
are not adjacent the end plate 60 but are held separated
therefrom by a spring 88 which is biased against the end
plate 60.
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As will be explained below, the cells 12 in the
battery stack will have a variable thickness which changes
during battery operation so that the distance between the end
plates 50,60 will vary to a small degree. The spring 88 is
designed to accommodate the variance in the distance between
the end plates by contracting and thus permitting the end
plate 60 to move vertically toward the nut 84 of the
threaded shaft 80. The metal bellows 70 will accommodate
such an expansion of the battery stack enclosure while the O-
ring 74,78 will maintain the seal within the enclosure.

It has been found that metal hydride cells and the
materials comprising them, such as nickel hydroxide, expand
significantly upon the absorption of hydrogen during
battery operation. Expansion greater than twenty percent can
be accommodated by the design. Such expansion of the
thickness of the battery cell must be accommodated to permit

efficient operation of the battery cells 12. Thus, as

hydrogen is introduced into the battery stack through the
tube 56, and the hydrogen is absorbed within the battery
cells 12 to provide the electrical power, the cells will
expand and will push the end plate up against a spring which
will contract to some extent so as to accommodate the
expansion of the cells.

Improvements in battery cell design of the hydrogen
type, such as that described in aforementioned U.S. Patent
No. 5,250,368 allow significant reduction in the pressure of
the hydrogen within the battery 10 from the pressures which
are required in the conventional metal chamber high pressure
devices, such as the ones taught by U.S. Patent No.
5,162,171, No. 5,071,652 and the like. Whereas a metal outer
enclosure is necessary for maintaining the rigidity and
integrity of a conventional device when hydrogen is under
high pressure, the inventive device does not require an
enclosure capable of withstanding high pressure simply
because the inventive battery has no hydrogen under high
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pressure. Thus, the advantage of having a low pressure
hydrogen chamber allows the flexibility and ability to
customize the size and power of a battery depending on the
required need, and additional cells 12 may be added to the
stack.

A second embodiment of the battery cell and
separator plate is shown in Fig. 2 showing the longitudinal
wall in detail. Fig. 2 also provides a detailed cross-
sectional view of the cell stack edge portion of a battery.
The battery cell 12 includes the elements of the stack as
shown in Fig. 1, and includes a positive nickel-hydroxide
electrode 14, a soaked hydroxide separator 16, a platinum
electrode 18, a hydrogen diffusion screen 20, and a graphite
sheet 22 which distributes the electrical contact of the wire
mesh hydrogen diffusion screen 20, all provided in one single
battery cell 12. The graphite sheet 22 may comprise a
thickness up to about .005 inch GRAFOIL. A graphite sheet 22
may also be disposed at the positive end of the cell 12
between positive electrode 14 and the separator plate 24,

The Fig. 1 embodiment may also utilize one or more graphite
sheets, but these are not shown therein.

The battery cell is disposed between two separator
plates 24 and include throughholes 26 which provide for
hydrogen gas diffusion from one cell to the next as in the
embodiment of Fig. 1. The separator plates 24 extend outside
of the enclosure to remove heat much as in the Fig. 1
embodiment.

The difference in the Fig. 2 embodiment resides in
the thickness of the battery cell 12 and in the size of the
O-ring 90 which extends from one separator plate 24 to the
other separator plate 24. The O-ring 90 is annularly
disposed around the periphery of the battery cell 12 and is
separated therefrom by an internal plastic O-ring support 92
which is annularly disposed around the inner diameter of the

O-ring 90. The internal support may be made of plastic or
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other rigid durable material which can withstand significant
temperature differentials without deforming. The internal
plastic O-ring support 92 provides support to the O-ring so
the O-ring does not blow in when the hydrogen is removed from
the inner enclosure and a vacuum or partial vacuum is
produced in the enclosure surrounding the battery cell.

Similarly, an external plastic support O-ring 94 is
annularly disposed around the O-ring 90 along its outer
diameter to prevent the positive pressure blow-out of the O-
ring when the pressure of the hydrogen within the enclosure
surrounding the battery cells increases. 1In a preferred
embodiment, the external plastic O-ring support extends
beyond the separator cooling plates 24 to prevent electrical
shorts between them. As in the embodiment of Fig. 1,
throughholes (not shown) through each of the separator plates
and through the external plastic O-ring extension 96 are
provided for insertion of the threaded bolts 80. A number of
cells such as the cell 12, together with the separator plates
and O-rings 90 are stacked one on top of another as is
described above to produce a battery providing sufficient
electrical power for the end user.

Modifications to the invention may become apparent
to a person of ordinary skill in the art following an
understanding of the inventive concept described herein. For
example, other modifications may include the ability to
replace spent battery cells while retaining the enclosure and
electrodes following extended use of the battery.
Accordingly, this invention is not limited by the illustrated
embodiment shown and described herein, but is limited only by
the following claims.
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What is claimed is:

1. A low pressure, modular, bi-polar
electrochemical battery comprising:

(a) a stack of bi-polar metal hydride battery
cells, the edges of said cell defining a cell stack outer
surface,

(b) a positive electrode disposed at one end of
said cell stack,

(c) a negative electrode disposed at the other end
of said cell stack,

(d) an enclosed, airtight housing for said battery
cell stack including a first end plate disposed at said one
end of said battery stack adjacent said positive electrode, a
second end plate disposed at said other end adjacent said
second electrode, a series of separator plates extending
laterally beyond the edges of the stacked battery cells and
being disposed between adjacent ones of said battery cells to
separate each cell from adjacent cells, and means to seal
between the separator plates; and

(e) hydrogen communication means between said
housing and a source of hydrogen removed and separated from

said housing.

2. The battery according to Claim 1 wherein said
sealing means comprises plural bellows disposed one each
around each cell, each said bellows including two grooves
disposed at opposite ends of the bellows for receiving an O-
ring, the O-ring sealing between the bellows and the

adjacent surface of either separator plate or an end plate.

3. The battery according to Claim 2 wherein said

bellows comprise metal.

4. The battery according to Claim 2 wherein said

bellows comprise plastic.
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5. The battery according to Claim 1 wherein said
sealing means comprises plural O-rings each having a
diameter slightly greater than the greatest expected
thickness of a cell, each OAring being disposed around one
cell and sealing between adjacent separator plates or between
a separator plate and an end plate.

6. The battery according to Claim 1 wherein said
communication means comprises a tubular connection which is
attached to and extends through at least one of said end
plates.

7. The battery according to Claim 4 wherein said
sourcé of hydrogen removed from said housing comprises metal
hydride in an enclosed chamber in fluid communication with
said battery through said tubular connection.

8. The battery according to Claim 1 wherein the
separator plates further comprise at least one throughhole to
provide fluid communication between one battery cell on one
side of the separator plate and another battery cell on the
other side of said separator.
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