
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
37

6 
56

0
B

1
*EP003376560B1*

(11) EP 3 376 560 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
13.01.2021 Bulletin 2021/02

(21) Application number: 18161339.9

(22) Date of filing: 16.04.2012

(51) Int Cl.:
H01M 10/04 (2006.01) H01M 10/14 (2006.01)

H01M 10/18 (2006.01) H01M 6/48 (2006.01)

H01M 2/02 (2006.01) H01M 4/02 (2006.01)

H01M 4/66 (2006.01) H01M 10/0525 (2010.01)

H01M 4/14 (2006.01) H01M 10/28 (2006.01)

(54) BIPOLAR BATTERY ASSEMBLY

BIPOLARE BATTERIEANORDNUNG

ENSEMBLE DE BATTERIE BIPOLAIRE

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 24.10.2011 US 201161550657 P

(43) Date of publication of application: 
19.09.2018 Bulletin 2018/38

(62) Document number(s) of the earlier application(s) in 
accordance with Art. 76 EPC: 
14200182.5 / 2 866 276
12719530.3 / 2 771 924

(73) Proprietor: Advanced Battery Concepts, LLC
Clare, MI 48617 (US)

(72) Inventors:  
• Hobday, Donald

Dover, Kent CT15 7BX (GB)
• Shaffer II, Edward

Midland, Michigan 48642 (US)

(74) Representative: Lelkes, Robert
Patent Attorney 
Habenschadenstraße 16
82049 Pullach im Isartal (DE)

(56) References cited:  
EP-A2- 2 273 580 WO-A1-93/01624
WO-A2-2009/055073 US-A- 5 393 617
US-A1- 2009 042 099  



EP 3 376 560 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD

[0001] The present invention relates generally to a bi-
polar battery assembly, to methods for the preparation
of such assemblies and to methods of using such as-
semblies.

BACKGROUND

[0002] Bipolar batteries are known in the art, see Tate-
matsu US 2009/0042099, which discloses an electrode
stack having a through hole extending through the stack
and a bolt extending through the through hole for pre-
venting displacement of the cathode active layer, the an-
ode active layer and the electrolyte layer. Bipolar batter-
ies provide advantages over other battery designs such
as scalability, relatively high energy density, high power
density and design flexibility. Bipolar batteries comprise
a number of bipolar plates and two monopolar end plates.
A bipolar plate comprises a substrate which is in the form
of a two sided sheet having a cathodic material, often
referred to a Positive Active Material (PAM), on one sur-
face and on the opposite side is an anodic material, often
referred to a Negative Active Material (NAM). A conduc-
tive sheet may be disposed between the substrate and
the anodic material or cathodic material. The bipolar
plates are arranged in a stack such that the anodic ma-
terial of one plate faces the cathodic material of the next
plate. In most assemblies there is a battery separator
located between the adjacent plates which allow an elec-
trolyte to flow from cathodic material to the anodic mate-
rial. Disposed in the space between the plates is an elec-
trolyte, which is a material that allows electrons and ions
to flow between the anodic and cathodic material. The
adjacent surfaces of the bipolar plates with the separator
and the electrolyte disposed between the plates form an
electrochemical cell wherein electrons and ions are ex-
changed between the anodic material and the cathodic
material. The structure of the battery is arranged such
that each cell formed by the bipolar plates is sealed to
prevent flow of electrolyte out of the cell. In many designs
this is achieved by extending the substrate on all sides
beyond the portion on which the cathodic material and
anodic material are deposited. The structure used to seal
each electro-chemical cell is in contact with the portion
of the plates not having anodic or cathodic material on
the substrate. In addition the battery separator can ex-
tend beyond the portion of the substrate having the anod-
ic and cathodic material disposed thereon to aid in sealing
the cells. Each cell has a current conductor connected
to the cell to transmit electrons from the cell to one or
more terminals from which the electrons are transmitted
to a load, in essence another system that utilizes the
electrons in the form of electricity. In some embodiments
the current conductor in a cell is the conductive sheet
which is in contact with additional current conductors

which transmit the electrons to the terminals of the bat-
tery. At each end of the stack is a monopolar plate having
either anodic material or cathodic material disposed on
one face. The material on the face of the monopolar plate
is selected to form a cell with the opposing face of the
bipolar plate at that end of the stack. In particular if the
bipolar plate facing the monopolar plate has cathodic ma-
terial on the face of the plate then the monopolar plate
has anodic material on its face and vice versa. In con-
ventional designs the stack of battery plates are disposed
in a case which is sealed about the stack of plates and
has one or more pairs of positive and negative terminals
located on the outside of the battery, each pair connected
to a current conductor further connected to one of more
cells as described herein. EP2273580 A2 discloses a bi-
polar battery having a gasket positioned about each elec-
trolyte layer for creating a seal about the electrolyte layer
in conjunction with the electrode units adjacent thereto
and a wrapper for maintaining the seals created by the
gaskets.
[0003] Despite the advantages of bipolar battery as-
semblies, the disadvantages of bipolar battery assem-
blies have prevented them from being commercialized.
Bipolar batteries during operation generate significant in-
ternal pressures due to expansion and contraction of
anodic and cathodic material, gas evolution during the
electrochemical process and heat generated. Because
bipolar batteries are scalable higher pressures in the cells
can be generated. In addition, the heat evolved can ex-
acerbate the pressures generated and can result in run-
away reactions which can generate heat levels that dam-
age the materials of construction of the batteries and
render the batteries non-functional. The pressures can
cause the seals about the electrochemical cell to rupture
and render the cells and battery nonfunctional. Common-
ly owned patent application titled BIPOLAR BATTERY
ASSEMBLY, Shaffer II, et al. US 2010/0183920 disclos-
es solutions to these problems through improved edge
sealing assemblies and bipolar plate designs.
[0004] There are still needs to be addressed before
bipolar batteries can be commercialized and the full po-
tential of this technology can be achieved. In particular,
bipolar battery designs that handle the heat and pres-
sures generated in operation in an improved manner are
needed. Present and future users of batteries often have
limited packaging space available for batteries and bat-
teries that can be adapted to available packaging space
are needed. Most systems using batteries also desire
lighter weight batteries and bipolar batteries which exhibit
lower weights are desired. Bipolar battery designs that
reduce parts and complexity, such as special parts used
for sealing of the electrical cells and separate cases are
desired. Methods for battery assembly that are simpler
and utilize known manufacturing techniques and achieve
the abovementioned goals are needed. Batteries that can
be scaled to fit the user needs are needed.
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SUMMARY OF INVENTION

[0005] The present invention meets one or more of the
above needs and is an article comprising: a) one or more
stacks of battery plates assembled into electrochemical
cells comprising one or more bipolar plates comprising
a substrate having an anode on one surface and a cath-
ode on the opposite surface, a monopolar plate having
a cathode deposited on one surface and a monopolar
plate having an anode deposited on one surface, wherein
the plates are arranged such that the surfaces of the
plates having a cathode deposited on the surface face
the surface of another plate having an anode deposited
on the surface, and the monopolar plates are located at
opposite ends of each stack of battery plates; b) a liquid
electrolyte disposed between each pair of battery plates,
wherein the liquid electrolyte functions with the anode
and cathode pair to form an electrochemical cell; a sep-
arator located between the anode and the cathode of the
electrochemical cell, wherein the separator is in the form
of a sheet having adhered to its periphery a frame adapt-
ed to be placed adjacent to a periphery of the substrate
of the battery plates; and a membrane comprising a ther-
moplastic polymer disposed about an entire periphery of
edges of the one or more stacks of battery plates (10) so
as to form a seal about the periphery of the edge of the
battery plates (10) which seal prevents the liquid electro-
lyte from flowing outside of the one or more stacks of
battery plates, wherein the membrane (27) is adhered to
the edges of each stack of monopolar and bipolar plates
(43, 44) such that the membrane (27) is bonded to the
edge of the battery plates (10) whereby the membrane
seals the edges of the plates and isolates the electro-
chemical cells, wherein the membrane is a sheet of a
polymeric material and (a) the sheet is a single unitary
sheet that is wrapped about an entire periphery of the
stack or (b) the membrane comprises membranes, each
membrane having a size corresponding to the size of a
side of the stack to which it is bonded and the membranes
are bonded to each side of the stack; which further may
further comprise one of more of the following features:
1) c) the one or more stacks of battery plates having a
plurality of channels passing transversely through the
portion of the plates having the cathode and/or the anode
deposited thereon; and d) i) one or more seals about the
periphery of the channels which prevent the leakage of
the liquid electrolyte into the channels, and posts located
in one or more of the channels having on each end an
overlapping portion that covers the channel and a sealing
surface on the outside of the monopolar plates adjacent
to the holes for the transverse channels and applies pres-
sure on the sealing surface of the monopolar plates
wherein the pressure is sufficient to withstand pressures
created during assembly and operation of electrochem-
ical cells created by the stacks of battery plates, or ii)
posts located in one or more channels having on each
end a portion that covers the channel and a sealing sur-
face on the outside of the monopolar plates adjacent to

the holes for the transverse channels and applies pres-
sure on the sealing surface of the monopolar plates
wherein the pressure is sufficient to withstand pressures
created during assembly and operation of electrochem-
ical cells created by the stacks of battery plates wherein
the posts are fabricated from a material that is capable
of withstanding exposure to the electrolyte and wherein
the posts prevent the electrolyte from entering the chan-
nels; and 2) an integrated channel communicating with
the vent holes in communication with the electrochemical
cells. In some embodiments the membrane is formed by
welding a sheet of thermoplastic material about the edge
of the plates, preferably by vibration or heat welding. In
some embodiments the membrane is formed by molding
it about the plates, preferably by injection molding.
[0006] In some embodiments, the separator is perme-
able to a liquid electrolyte, capable of passing ions
through the separator and preventing electrical shorting
between the anodes and cathodes; and d) i) the optional
posts are located in each channel, each having on each
end an overlapping portion that covers the channel and
sealing surface on the outside of the monopolar plates
adjacent to the holes for the transverse channels in the
monopolar plates and applies pressure on the sealing
surface of the monopolar plates wherein the pressure is
sufficient to withstand pressures created during assem-
bly and operation of the cells created by the stacks of
battery plates, or ii) the optional posts are located in each
channel, each post having on each end a portion that
covers the channel and a sealing surface on the outside
of the monopolar plates adjacent to the holes for the
transverse channels in the monopolar plates and applies
pressure on the sealing surface of the monopolar plates
wherein the pressure is sufficient to withstand pressures
created during assembly and operation of the cells cre-
ated by the stacks of battery plates wherein the posts are
fabricated from a material that is capable of withstanding
exposure to the electrolyte and the posts prevent the
electrolyte from entering the channels. The article may
further comprise one or more seals about the periphery
of the transverse channels and the seals comprise mem-
branes disposed on the interior surfaces of the channels.
The seals may be formed by bushings located between
the holes in the plates along the transverse channels.
The articles may preferably comprise seals about the pe-
riphery of the transverse channels and the posts com-
prise any material that has sufficient structural integrity
to hold the overlapping portion in place so as to apply
pressure to the sealing surface of the monopolar plates.
The sealing surface is the portion of the plates in contact
with the overlapping portion of the posts. In one aspect
of the invention the bipolar plates comprise a polymeric
substrate having a plurality of openings passing through
the substrate each opening is in communication with both
faces of the substrate wherein one or more of such open-
ings is filled with a conductive material which is in contact
with both faces of the substrates.
[0007] In another aspect the invention, one or more
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bipolar plates comprise a substrate in the form of a sheet
having an anode on one surface of the sheet and a cath-
ode on the opposite surface. In one preferred embodi-
ment, the membrane comprising a thermoplastic polymer
disposed about the entire periphery of the edges of the
stacks of plates is melt bonded to the edges of all of the
plates so as to form a seal about the periphery of the
plates. In another aspect of the invention, the leading
edge and the trailing edge of the membrane are melt
bonded to one another wherein the membrane forms a
seal about the periphery of the one or more stacks of
plates such that electrolytes does not pass from inside
of the stack to outside the membrane. In another embod-
iment the membrane is molded about the stacks of bat-
tery plates, preferably the molding is performed by injec-
tion molding.
[0008] The articles of the invention may further com-
prise one or more valves, such as a check valve, adapted
to release pressure in the sealed stacks of bipolar plates
when the pressure reaches a pressure level which is near
but below a pressure at which damage to the article could
occur.
[0009] The articles of the invention are useful as bat-
teries for the storage of electricity and to generate elec-
tricity for use in a variety of environments. The articles
of the invention are designed to handle the pressures
and heat generated during operation without undue dam-
age to the outside surface of the article and so that the
liquid electrolyte is contained in the article. Articles of the
invention can be assembled using conventional materi-
als and processes. The articles of the invention are ca-
pable of achieving the recited advantages without the
requirement of complex sealing structures. The articles
of the invention can be adapted to different shaped spac-
es to accommodate a user’s packaging space. The de-
sign of the articles of the invention allows scaling the size
to deliver a variety of energy needs to the user. Assembly
of the articles of the invention is more efficient than as-
sembly of articles known in the art. The article of the
invention can withstand pressures of up to about 10 psi
(69 kPa), preferably up to about 50 psi (345 kPa) and
most preferably up to about 100 psi (690 kPa) on the end
plates of the structure without damaging the end plates.

DESCRIPTION OF THE DRAWINGS

[0010]

Figure 1 is a side view of an assembly of the inven-
tion.
Figure 2 is side view of an assembly of the invention
having an end plate over a bolt in a transverse chan-
nel.
Figure 3 is a side view of an assembly with a mem-
brane disposed about the stack of bipolar plates.
Figure 4 shows an assembly of the invention with a
manifold and a check valve.
Figure 5 illustrates a separator sheet of the invention.

Figure 6 illustrates another embodiment of an as-
sembly of the invention wherein posts are injection
molded into the transverse channels.
Figures 7 and 8 illustrate stacks of battery plates and
separator plates.
Figure 9 shows another embodiment of an assembly
of the invention.
Figure 10 shows a cutaway view of the assembly of
Figure 9 through a pair of transverse channels along
plane A-A.
Figure 11 shows a partial cut away view of the end
of a stack showing the vent holes along line B-B.
Figure 12 shows a cutaway view of the assembly of
Figure 9 through the vent holes to the electrochem-
ical cells along plane C-C.
Figure 13 shows another embodiment of an assem-
bly of the invention with a valve in the end plate of
the assembly.
Figure 14 shows a cutaway view of the assembly of
Figure 13 through an integrated channel in commu-
nication with the vent holes to the electrochemical
cells along plane E-E.
Figure 15 shows a cutaway view of the assembly of
Figure 13 through an integrated channel in commu-
nication with the vent holes to the electrochemical
cells along plane D-D.

DETAILED DESCRIPTION

[0011] The explanations and illustrations presented
herein are intended to acquaint others skilled in the art
with the invention, its principles, and its practical appli-
cation. Those skilled in the art may adapt and apply the
invention in its numerous forms, as may be best suited
to the requirements of a particular use. Accordingly, the
specific embodiments of the present invention as set forth
are not intended as being exhaustive or limiting of the
invention. The scope of the invention should be deter-
mined with reference to the appended claims.
[0012] The invention relates to an article useful as a
battery comprising one of more of the following optional
features: 1) c) the one or more stacks of battery plates
having a plurality of channels passing transversely
through the portion of the plates having the cathode
and/or the anode deposited thereon; and d) i) one or more
seals about the periphery of the channels which prevent
the leakage of the liquid electrolyte into the channels,
and posts located in one or more of the channels having
on each end an overlapping portion that covers the chan-
nel and sealing surface on the outside of the monopolar
plates adjacent to the holes for the transverse channels
and applies pressure on the sealing surface of the mo-
nopolar plates wherein the pressure is sufficient to with-
stand pressures created during assembly and operation
of electrochemical cells created by the stacks of battery
plates, or ii) posts located in one or more channels having
on each end a portion that covers the channel and a
sealing surface on the outside of the monopolar plates

5 6 



EP 3 376 560 B1

5

5

10

15

20

25

30

35

40

45

50

55

adjacent to the holes for the transverse channels and
applies pressure on the sealing surface of the monopolar
plates wherein the pressure is sufficient to withstand
pressures created during assembly and operation of
electrochemical cells created by the stacks of battery
plates wherein the posts are fabricated from a material
that is capable of withstanding exposure to the electrolyte
and the posts prevent the electrolyte from entering the
channels; and 4) c) an integrated valve and integrated
channel communicating with the valve. In some embod-
iments the membrane is formed by heat welding a sheet
of thermoplastic material about the edge of the plates.
The transverse channels may further comprise seals to
prevent the liquid electrolyte from entering the channels
or the posts may be chosen so as to also seal the chan-
nels so as to prevent the electrolyte from entering the
channels. The membrane may be applied using conven-
tional techniques such as welding a membrane to the
edge of the stack of plates or molding the membrane
about the stacks of plates. In some embodiments the
membrane is formed by injection molding about the
plates. The invention comprises processes as described
herein for the preparation of the articles disclosed herein.
[0013] The articles and processes of the invention may
further comprise one or more of the features listed below
in any combination, including preferences and alternative
embodiments disclosed in this application: the substrates
of the monopolar and bipolar plates comprise a thermo-
plastic polymer; the membrane is melt bonded to the edg-
es of all of the plates so as to form a seal about the pe-
riphery of the plates; the membrane is molded about the
stack of plates; the membrane is injection molded about
the stacks of plates; the leading edge and the trailing
edge of the membrane are melt bonded to one another
wherein the membrane forms a seal about the periphery
of the one or more stacks of plates such that electrolytes
do not pass from inside of the stack to outside the mem-
brane; the article comprises seals about the periphery of
the transverse channels and the seals comprise one or
more membranes; the article comprises seals about the
periphery of the transverse channels and the seals are
formed by bushings located between the holes in the
plates along the transverse channels; the article com-
prises seals about the periphery of the transverse chan-
nels and the posts comprise any material that has suffi-
cient structural integrity to hold the overlapping portions
in place so as to apply pressure to the sealing surfaces
of the monopolar plates; the article comprises seals
about the periphery of the transverse channels and the
posts comprise any metal that has sufficient structural
integrity to hold the overlapping portions in place so as
to apply pressure to the sealing surfaces of the monop-
olar plates; the article does not comprise seals about the
periphery of the transverse channels and the posts com-
prise a material that maintains its structural integrity when
exposed to the electrolyte, is nonconductive and seals
the transverse channels so as to prevent electrolyte from
entering the channels; the posts comprise a ceramic or

polymer that exhibits a glass transition or melting tem-
perature above the operating temperature of electro-
chemical cells formed by the stacks of plates; the posts
comprise threading about the outside of the posts, the
channels are threaded to receive the posts and the posts
fit into the threads of the channels; the overlapping por-
tion is formed by nuts and or bolt heads on the end of
the posts; the posts including the overlapping portion
comprise one or more thermoplastic polymers and are
formed by molding, such as by injection molding; bush-
ings are located adjacent to each hole in each battery
plate in a manner such that each transverse channel is
sealed through the stack; the bipolar plates comprise pol-
ymeric substrates having a plurality of openings passing
through the substrates such that each opening in com-
munication with both faces of the substrate wherein one
or more of the openings are filled with a conductive ma-
terial which is in contact with both faces of the substrates;
the article further comprises a check valve adapted to
release pressure in the sealed stack of bipolar plates
when the pressure reaches a predetermined pressure
level which is below a pressure at which damage to the
article could occur; the posts are injection molded in the
transverse channels; the substrates comprise a thermo-
set polymer with a ribbon of thermoplastic polymer at-
tached about the periphery of the substrates; wherein
the one or more stacks of battery plates have e) one or
more channels passing transversely through the portion
of the plates having cathodes and/or anode pastes de-
posited thereon; and f) i) seals about the periphery of the
channels which prevent the leakage of liquid into the
channels, and posts located in each channel each having
on each end an overlapping portion that covers the chan-
nel and the sealing surfaces of the outside of the monop-
olar plates which is adjacent to the holes passing trans-
versely through the plates and applies pressure on the
outside surface of the monopolar plates wherein the pres-
sure is sufficient to withstand pressures created during
assembly and operation of the cells created by the stacks
of battery plates, or ii) posts located in each channel each
having on each end a portion that covers the channel
and applies pressure on the sealing surface of the mo-
nopolar plates which is adjacent to the holes passing
transversely through the plates wherein the pressure is
sufficient to withstand pressures created during assem-
bly and operation of the cells created by the stacks of
battery plates wherein the posts are fabricated from a
material that is capable of withstanding exposure to the
electrolyte and prevents the electrolyte from entering the
channels; the seals about the periphery of the channels
are formed by injection molding; the separator has a
raised surface about its periphery adapted to be disposed
adjacent to substrates for battery plates; the separator
has one or more holes passing therethrough wherein the
holes contain inserts located therein wherein the inserts
are adapted to mate with inserts in holes in battery plates
to form a channel through a stack of separator plates and
battery plates; the separator frames and the inserts are
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molded to the separators; the separator frames and the
inserts are injection molded; wherein the separator
frames and the inserts are injection molded as one piece;
the substrates for the battery plates have raised surfaces
about their periphery adapted to be disposed adjacent
to the frames adhered to the separators; wherein the
raised surfaces of the substrates and the frame about
the separators are disposed adjacent to one another
such that the periphery is sewed against a fluid passing
into or out of the article; wherein the battery plates and
separators have one or more holes passing therethrough
wherein the holes align to form one or more channels
through the stack of battery plates and separators;
wherein the holes in the battery plates and the separators
have inserts disposed therein that form one or more
sealed channels through the stacks of battery plates and
separators; the inserts in the battery plates and the sep-
arators are formed by molding; wherein the inserts in the
battery plates and the separators are formed by injection
molding; the Filling or venting channels are integrated in
the battery and separator plates: and valves are integrat-
ed into the filling or venting channels.
[0014] Articles of the invention comprise one or more
bipolar electrode plates, preferably a plurality of bipolar
plates. Plurality as used herein means that there are more
than one of the plates. A bipolar plate comprises a sub-
strate in the form of a sheet having two opposing faces.
Located on the opposing faces are a cathode and an
anode. In some embodiments of the invention the bipolar
plates are arranged in the articles in stacks wherein the
cathode of one bipolar plate faces the anode of another
bipolar plate or a monopolar plate having an anode and
the anode of each bipolar plate faces the cathode of a
bipolar or monopolar plate. In the article a space is formed
between the adjacent anodes and cathodes wherein the
space contains electrolyte which functions with the anode
and cathode pair to form an electrochemical cell. The
construction of the articles results in closed cells which
are scaled from the environment to prevent leakage and
short circuiting of the cells. The number of the plates
present can be chosen to provide the desired voltage of
the battery. The bipolar battery design provides flexibility
in the voltage that can be produced. The bipolar plates
can have any desired cross sectional shape and the cross
sectional shape can be designed to fit the packaging
space available in the use environment. Cross-sectional
shape, refers to the shape of the plates froin the perspec-
tive of the faces of the sheets. Flexible cross-sectional
shapes and sizes allow preparation of articles of the in-
vention to accommodate the voltage and size needs of
the system in which the batteries are utilized. Monopolar
plates are disposed on the ends of the stacks of plates
to form end cells of the stack of plates. The monopolar
plates may be prepared from the same substrates and
anodes and cathodes used in the bipolar plates. The side
of the monopolar plate opposing the anode or cathode
can be the bare substrate when another case is used or
it can contain a covering useful to protect the stack. In

some embodiments the monopolar plates may have one
or more terminals passing through the plate from the end
cell to the outside. The terminal matches the polarity of
the anode or cathode of the monopolar plate. The termi-
nal functions to transmit the electrons generated in the
electrochemical cells to the system that utilizes the gen-
erated electrons in the form of electricity.
[0015] The substrate functions to provide structural
support for the cathode and/or the anode; as a cell par-
tition so as to prevent the flow of electrolyte between
adjacent cells; cooperating with other battery compo-
nents to form an electrolyte-tight seal about the bipolar
plate edges which may be on the outside surface of the
battery; and in some embodiments to transmit electrons
from one surface to the other. The substrate can be
formed from a variety of materials depending on the func-
tion of the battery chemistry. The substrate may be
formed from materials that are sufficiently structurally ro-
bust to provide the backbone of a desired bipolar elec-
trode plate, withstanding temperatures that exceed the
melting points of any conductive materials used in the
battery construction; and having high chemical stability
during contact with an electrolyte (e.g., sulfuric acid so-
lution) so that the substrate does not degrade upon con-
tact with an electrolyte. The substrate may be formed
from suitable materials and/or is configured in a manner
that permits the transmission of electricity from one sur-
face of the substrate to an opposite substrate surface.
The substrate plate may be formed from an electrically
conductive material, e.g., a metallic material, or can be
formed from an electrically non-conductive material. Ex-
emplary non-conductive material include polymers; such
as thermoset polymers, elastomeric polymers or thermo-
plastic polymers or any combination thereof. In some em-
bodiments the non-conductive substrate may have elec-
trically conductive features constructed therein or there-
on. Examples of polymeric materials that may be em-
ployed include polyamide, polyester, polystyrene, poly-
ethylene (including polyethylene terephthalate, high den-
sity polyethylene and low density polyethylene), polycar-
bonates (PC), polypropylene, polyvinyl chloride, bio-
based plastics/biopolymers (e.g., polylactic acid), sili-
cone, acrylonitrile butadiene styrene (ABS), or any com-
bination thereof, such as PC/ABS (blends of polycar-
bonates and acrylonitrile butadiene styrenes). Compos-
ite substrates may be utilized, the composite may contain
reinforcing materials, such as fibers or fillers commonly
known in the art, two different polymeric materials such
as a thermoset core and a thermoplastic shell or thermo-
plastic edge about the periphery of the thermoset poly-
mer, or conductive material disposed in a non-conductive
polymer. In a preferred embodiment the substrate com-
prises or has at the edge of the plates a thermoplastic
material that is bondable, preferably melt bondable. In
one embodiment the substrate may have a raised edge
about the periphery so as to facilitate stacking of the bi-
polar plates and formation of electrochemical cells. The
raised edge as used in this context means a raised edge
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on at least one of the two opposing surfaces of the plates.
The raised edge may comprise a thermoplastic edge por-
tion formed about another substrate material. The raised
edge may function as separator plates as described here-
in. The substrate or periphery of the substrate are pref-
erably comprised of non-conductive material, and pref-
erably a thermoplastic material. The frame about or in-
tegrated onto the separator is preferably comprised of
non-conductive material, and preferably a thermoplastic
material. The use of non-conductive material enhances
sealing the outside of the battery stack.
[0016] In some embodiments, the substrate comprises
a generally non-electrically conductive substrate (e.g., a
dielectric substrate) that includes one or more openings
formed therein. The openings may be machined (e.g.,
milled), formed during fabrication of the substrate (e.g.,
by a molding or shaping operation), or otherwise fabri-
cated. The size and frequency of the openings formed in
the substrate may affect the resistivity of the battery. The
openings may be formed having a diameter of at least
about 0.2 mm. The openings may be formed having a
diameter of about 5 mm or less. The openings may be
formed having a diameter from about 1.4 mm to about
1.8 mm. The openings may be formed having a density
of at least about 0.02 openings per cm2. The openings
may be formed having a density of less than about 4
openings per cm2. The openings may be formed having
a density from about 2.0 openings per cm2 to about 2.8
openings per cm2. The openings may be filled with an
electrically conductive material, e.g., a metallic-contain-
ing material. The electrically conductive material may be
a material that undergoes a phase transformation at a
temperature that is below the thermal degradation tem-
perature of the substrate so that at an operating temper-
ature of the battery assembly that is below the phase
transformation temperature, the dielectric substrate has
an electrically conductive path via the material admixture
between the first surface and the second surface of the
substrate. Further, at a temperature that is above the
phase transformation temperature, the electrically con-
ductive material admixture undergoes a phase transfor-
mation that disables electrical conductivity via the elec-
trically conductive path. For instance, the electrically con-
ductive material may be or include a solder material, e.g.,
one comprising at least one or a mixture of any two or
more of lead, tin, nickel, zinc, lithium, antimony, copper,
bismuth, indium, or silver. The electrically conductive ma-
terial may be substantially free of any lead (i.e., it contains
at most trace amounts of lead) or it may include lead in
a functionally operative amount. The material may in-
clude a mixture of lead and tin. For example, it may in-
clude a major portion tin and a minor portion of lead (e.g.,
about 55 to about 65 parts by weight tin and about 35 to
about 45 parts by weight lead). The material may exhibit
a melting temperature that is below about 240°C, 230°C,
220°C, 210°C or even below about 200°C (e.g., in the
range of about 180 to about 190°C). The material may
include a eutectic mixture. A feature of using solder as

the electrically conductive material for filling the openings
is that the solder has a defined melting temperature that
can be tailored, depending on the type of solder used, to
melt at a temperature that may be unsafe for continued
battery operation. Once the solder melts, the substrate
opening containing the melted solder is no longer elec-
trically conductive and an open circuit results within the
electrode plate. An open circuit may operate to dramat-
ically increase the resistance within the bipolar battery
thereby stopping further electrical flow and shutting down
unsafe reactions within the battery. Accordingly, the type
of electrically conductive material selected fill the open-
ings can vary depending on whether it is desired to in-
clude such an internal shut down mechanism within the
battery, and if so at what temperature it is desired to effect
such an internal shutdown. The substrate will be config-
ured so that in the event of operating conditions that ex-
ceed a predetermined condition, the substrate will func-
tion to disable operation of the battery by disrupting elec-
trical conductivity through the substrate, For example,
the electrically conductive material filling holes in a die-
lectric substrate will undergo a phase transformation
(e.g., it will melt) so that electrical conductivity across the
substrate is disrupted. The extent of the disruption may
be to partially or even entirely render the function of con-
ducting electricity through the substrate disabled.
[0017] Disposed on one surface of the bipolar plates
and on some of the monopolar plates is one or more
cathodes. The cathode can be in any material that is ca-
pable of functioning as a cathode in a battery and can be
in any form commonly used in batteries. The cathode is
also referred to as positive active material. The positive
active material may comprise a composite oxide, a sul-
fate compound or a phosphate compound of lithium, lead,
carbon or a transition metal generally used in a lithium
ion, nickel metal hydride or lead acid secondary battery.
Examples of the composite oxides include Li/Co based
composite oxide such as LiCoO2,Li/Ni based composite
oxide such as LiNiO2; Li/Mn based composite oxide such
as spinel LiMn2 O4, and Li/Fe based composite materials
such as LiFeO2. Exemplary phosphate and sulfur com-
pounds of transition metal and lithium include LiFePO4,
V2O5, MnO2, TiS2, Mos2, MoO3, PbO2, AgO, NiOOH and
the like. The cathode material can be in any form which
allows the cathode material to function as a cathode in
an electrochemical cell. Exemplary forms include formed
parts, in paste form, pre-fabricated sheet or film. For lead
acid, batteries the preferred cathode material is lead di-
oxide (PbO2). Disposed on the opposite surface of the
bipolar plates and the other monopolar plate are the an-
odes. The anodes are also referred to as negative active
material. Any anode and anode material may be utilized
in the assemblies of the invention. The anode material
may include any material used in secondary batteries,
including lead acid, nickel metal hydrides and lithium ion,
batteries. Exemplary materials useful in constructing an-
odes include lead, composite oxides of carbon or lithium
and transition metal, (such as a composite oxide of tita-
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mium oxide or titanium and lithium) and the like. A pre-
ferred anode material for lead acid is sponge lead. The
cathode material cap be in any form which allows the
cathode material to function as a cathode in an electro-
chemical cell. Exemplary forms include formed parts, in
paste form, pre-fabricated sheet or films. Paste compo-
sitions can contain a number of beneficial additives in-
cluding floc or glass fibers for reinforcement, various liga-
no-organic compounds for paste stability and conductive
additives such as carbon, particularly for negative active
materials. For lead acid batteries the preferred form of
the anode material is sponge lead. The anode and cath-
ode are chosen to work together to function as an elec-
trochemical cell once a circuit is formed which includes
the cells.
[0018] The assemblies of the invention further com-
prise separators. The separators are located between
the anode and the cathode in electrochemical cells, more
specifically separators are located between the bipolar
plates or between a bipolar plate and a monopolar plate.
The separators preferably have an area that is greater
than the area of the adjacent cathode and anode. Pref-
erably the separator completely separates the cathode
portion of the cell from the anode portion of the cell. The
edges of the separator preferably contact peripheral edg-
es of the bipolar and monopolar plates which do not have
an anode or cathode disposed thereupon so as to com-
pletely separate the anode portion of the cell from the
cathode portion of the cell. A battery separator functions
to partition electrochemical cells; to prevent short
circuiting of the cells due to dendrite formation; functions
to allow liquid electrolyte, ions, electrons or any combi-
nation of these elements to pass through it. Any known
battery separator which performs one or more of the re-
cited functions may be utilized in the assemblies of the
invention. Preferably the separator is prepared from a
non-conductive material, such as porous polymer films,
glass: mats, porous rubbers, lonically conductive gels or
natural materials, such as wood, and the like. Preferably
the separator contains pores or tortuous paths through
the separator which allows electrolyte, ions, electrons or
a combination thereof to pass through the separator.
Among more preferred materials useful as separators
are absorbent glass mats, and porous ultra-high molec-
ular weight polyolefin membranes and the like.
[0019] In some embodiments the articles of the inven-
tion further comprise metal sheets or foils. The metal
sheets or foils function to disperse the electrons flowing
in the electrochemical cell so as to ensure electrical con-
nection of the active materials to the substrate and in
some embodiments to function as current collectors. In
some embodiments the batteries contain current conduc-
tors which transmit the electrons to the positive battery
terminals, in those embodiments the metal sheets or foils
conduct electrons to the current conductor. The metal
sheets or foils can be prepared from any conductive met-
al, preferred conductive metals are silver, tin, copper and
lead. The selection of the metal is influenced by the anode

and cathode materials. In a lead acid battery lead sheets
or foils are preferred. The metal foils or sheets are pref-
erably located between the anode or cathode and the
substrate. The metal sheets or foils may be affixed to the
substrate. Any method of affixing the metal sheet, or foil
to the substrate that holds the metal sheet or foil to the
substrate in the environment of the cells may be utilized,
such as welding or adhesive bonding. Preferably the met-
al sheets or foils are adhesively bonded to the substrate.
Preferred adhesives useful for this bonding include epox-
ies, rubber cements, phenolic resins, nitrile rubber com-
pounds or cyanoacrylate glues. Preferably the metal
sheets or foils are located between the entire surface of
the anode or cathode and the substrate. The metal sheets
and foils may cover the entire surface of the substrates,
In the embodiment wherein the anode or cathode is in
paste form, the paste is applied to the metal foil or sheet.
The metal sheet or foil may contact one or more current
conductors to transmit electrons to the current conduc-
tors. The metal sheets and foils are chosen to be thick
enough to disperse electrons flowing through the cells
and where appropriate to collect electrons and transmit
them to current conductors in the cell. Preferably the met-
al sheets or foils have a thickness of about 0.75 mm or
less, more preferably about 0.2 mm or less and most
preferably about 0.1 mm or less. Preferably the metal
sheets or foils have a thickness of about 0.025 mm or
greater, more preferably about 0.050 mm or greater and
most preferably about 0.075 mm or greater.
[0020] The stack of components in the assembly of the
invention may contain transverse channels passing
through the components and the area formed for the elec-
trochemical cells which cells also contain a liquid elec-
trolyte. The stack includes bipolar plates, monopolar
plates, separators, anodes, cathodes, optionally metal
sheets and any other components of the stack which may
be utilized. The transverse channels function to house
the posts and some of the channels may be left unfilled
so as to function as transverse cooling channels or
vent/fill channels. In some embodiments of the invention
the channels pass through the anode, cathode and the
cell containing the electrolyte. The channels are sealed
to prevent electrolytes and gasses evolved during oper-
ation from entering the channels. Any method of sealing
which achieves this objective may be utilized. The size
and shape of the channels can be any size or shape
which allows them to house the posts and the posts to
support the end plate and edges of the substrates to pre-
vent leakage of electrolytes and gasses evolved during
operation and to prevent the compressive forces arising
during operation from damaging components and the
seal for the individual electrochemical cells. The shape
may preferably be round, elliptical or polygonal, such as
square, rectangular, hexagonal and the like. The size of
the channels is chosen to accommodate the posts used.
The channels as a practical matter comprise a series of
holes in the components arranged so a post can be
placed in the channel formed or so that a fluid can be
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transmitted through the channel for cooling. The number
of channels is chosen to support the end plate and edges
of the substrates to prevent leakage of electrolytes and
gasses evolved during operation and to prevent the com-
pressive forces arising during operation from damaging
components and the seal for the individual electrochem-
ical cells. Preferably a plurality of channels is present so
as to spread out the compressive forces generated dur-
ing operation. The number and design of channels is suf-
ficient to minimize edge-stress forces that exceed the
fatigue strength of the seals. The locations of the chan-
nels are chosen so as to spread out the compressive
forces generated during operation. It is preferable to
spread the channels somewhat evenly through the stack
to better handle the stresses. Preferably the channels
have a cross-sectional size of about 2 mm or greater,
more preferably about 4 mm or greater and most prefer-
ably about 6 mm or greater. The upper limit on the cross-
sectional size of the channels is practicality, if the size is
too large the efficiency of the assemblies is reduced. Pref-
erably the channels have a cross-sectional size of about
12 mm or less and most preferably about 10 mm or less.
[0021] Located in at least some of the channels are
posts which perform one or more of the following func-
tions: hold the stack of components together in a fashion
such that damage to components or breaking of the seal
between the edges of the components of the stack is
prevented, ensure uniform compression across the sep-
arator material, and ensure uniform thickness of the sep-
arator material. Preferably the posts have on each end
an overlapping portion which engages the outside sur-
face of the monopolar end plates. This overlapping por-
tion functions to apply pressure on the outside surface
of the monopolar end plates in a manner so as to prevent
damage to components or breaking of the seal between
the edges of the components of the stack, and prevent
bulging or other displacements of the stack during battery
operation. The overlapping portion is in contact with a
sealing surface, the portion of the end plate in contact
with the overlapping portion. In some embodiments the
stack may have a separate structural or protective end-
piece over the monopolar endplate and the overlapping
portion will be in contact in with the outside surface of
the structural or protective end-piece. The overlapping
portion can be any structure that in conjunction with the
post prevents damage to components or breaking of the
seal between the edges of the components of the stack.
Exemplary overlapping portions include bolt heads, nuts,
molded heads, brads, cotter pins, shaft collars and the
like. The posts are of a length to pass through the entire
stuck and such length varies based on the desired ca-
pacity of the battery. The posts preferably exhibit a cross-
section shape and size so as to fill the channel. The
number of posts is chosen to support the end plate and
edges of the substrates to prevent leakage of electrolytes
and gasses evolved during operation and to prevent the
compressive forces arising during operation from dam-
aging components and the seal for the individual elec-

trochemical cells, and to minimize edge-stress forces that
exceed the fatigue strength of the seals. Preferably a
plurality of posts are present so as to spread out the com-
pressive forces generated during operation. There may
be fewer posts than channels where one or more of the
channels are utilized as cooling channels or vent/fill chan-
nels. The posts may comprise any material that performs
the necessary functions. If the post is utilized to seal the
channels then the material used is selected to withstand
the operating conditions of the cells, will not corrode when
exposed to the electrolyte and can withstand the temper-
atures and pressures generated during operation of the
cells. Where the posts perform the sealing function the
posts preferably comprise a polymeric or ceramic mate-
rial that can with stand the conditions recited. In this em-
bodiment the material must be non-conductive to prevent
shorting out of the cells. Preferably the posts comprise
a thermoplastic material as described herein. Preferred
thermoplastic materials are ABS, polypropylene, polyes-
ter, thermoplastic polyurethanes, polyolefins, com-
pounded thermoplastic resins, polycarbonates and the
like. ABS is most preferred. Where the channels are sep-
arately sealed the posts can comprise any material that
has the structural integrity to perform the desired func-
tions. The polymeric materials recited above, ceramics
and metals may be utilized. Suitable metals may be steel,
brass aluminum, copper and the like. The posts can com-
prise molded posts, threaded posts or posts with one or
more end attachments. Where the parts are threaded the
structural parts of the stack ares threaded tp receive the
threaded posts. Posts can have a head on one end and
a nut, hole for a brad or cotter pin on the other or may
have a nut, hole for a brad or cotter pin on both ends.
This is generally the case for non-molded posts. The
posts may be constructed in such a way as to be a one
way ratcheting device that allows shortening, but not
lengthening. Such a post would be put in place, then as
the stack is compressed, the post is shortened so that it
maintains the pressure on the stack. The post in this em-
bodiment may have ridges that facilitate the ratcheting
so as to allow the posts to function as one part of a zip
tie like structure. Matching nuts and/or washers may be
used with posts so as to compress the plates they are
adjacent to when in place. The nuts and /or washers go
one way over the posts and ridges may be present to
prevent the nuts and/or washers from moving the other
direction along the posts. In use the holes in the posts
will have the appropriate, brads, cotter pins and the like
to perform the recited function.. If the post is molded is
can be molded separately or in place. If molded in place,
in situ, a seal needs to be present in the channel to hold
the molten plastic in place. A nonconductive post which
is threaded may be used and can provide the necessary
seal. Alternatively a pre-molded nonconductive polymer-
ic post may be designed to form an interference fit in the
channel in a manner so as seal the channels. The posts
may be formed in place by molding, such as by injection
molding.
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[0022] When assembled the stack of components, in-
cluding the bipolar and monopolar plates, Form sealed
electrochemical cells. Located in the sealed cells is a
liquid electrolyte. The electrolyte can be any liquid elec-
trolyte that facilitates an electrochemical reaction with
the anode and cathode utilized. The electrolyte allows
electrons and ions to flow between the anode and cath-
ode. The electrolytes can be water based or organic
based. The organic based electrolytes useful herein com-
prises an electrolyte salt dissolved in an organic solvent.
In lithium ion secondary-batteries, it is required that lith-
ium be contained in the electrolyte salt. For the lithium-
containing electrolyte salt, for instance, use may be made
of LiPF6, LiClO4, LiBF4, LiAsF6, LiSO3CF3 and
LiN(CF3SO2)2. These electrolyte salts may be used
alone or in combination of two or more. The organic sol-
vent should be compatible with the separator, cathode
and anode and the electrolyte salt. It is preferable to use
an organic solvent that is not decomposed even when
high voltage is applied thereto. For instance, it is prefer-
able to use carbonates such as ethylene carbonate (EC),
propylene carbonate (PC), butylene carbonate, dimethyl
carbonate (DMC), diethyl carbonate and ethyl methyl car-
bonate; cyclic ethers such as tetrahydrofuran (THF) and
2-methyltetrahydrofuran; cyclic esters such as 1,3-diox-
olane and 4-methyldioxolane; lactones such as γ-buty-
rolactone; sulfolane; 3-methylsulfolane; dimethox-
yethane, diethoxyethane, elhoxymethoxymelhane and
ethyldiglyme. These solvents may be used alone or in
combination of two or more. The concentration of the
electrolyte in the liquid electrolyte should preferably be
0.3 to 5 mol/l. Usually, the electrolyte shows the highest
conductivity in the vicinity of I mol/l. The liquid electrolyte
should preferably account for 30 to 70 percent by weight,
and especially 40 to 60 percent by weight of the electro-
lyte. Aqueous electrolytes comprise acids or salts in wa-
ter which enhance the functioning of the cell. Preferred
salts and acids include sulfuric acid, sodium sulfate or
potassium sulfate salts. The salt or acid is present in a
sufficient amount to facilitate the operation of the cell.
Preferably the concentration is about 0.5 weight percent
of greater based on the weight of the electrolyte, more
preferably about 1.0 or greater and most preferably about
1.5 weight percent or greater. A preferred electrolyte in
a lead acid battery is sulfuric acid in water.
[0023] The articles of the invention may comprise a
seal between the transverse channels and the post. The
seat may be located in the channel, about the exterior of
the channel or both. The seal may comprise any material
or form that prevents electrolyte and-gasses evolved dur-
ing operation from leaking from the electrochemical cells.
The seal can be a membrane, sleeve or series of matched
inserts or bosses in the plates and/or separators or in-
serted in the channel. The membrane can be elastomer-
ic. The channel can be formed by a series of inserts or
bosses, inserted or integrated into the plates and/or sep-
arators. The inserts may be compressible or capable of
interlocking with one another to form a leak proof seal

along the channel. The inserts may be formed in place
in the battery plates and/or separators, such as by mold-
ing them in place. Preferably the inserts are molded in
place by injection molding, The sleeve can be prepared
from any material that can withstand exposure to the elec-
trolyte, operating conditions of the electrochemical cells
and forces exerted by inserting the post or by the post in
the channel. The preferred polymeric materials that those
that are described is useful for the posts and the sub-
strates. In another embodiment the seal is formed by
sleeves or bushings placed between the bipolar and mo-
nopolar plates. The sleeves can relatively rigid and the
bushings will generally be elastomeric. The sleeves
and\or bushings may be adapted to fit within indentations
in the bipolar and monopolar plates or to have ends that
insert into the holes of the plates creating the transverse
channels. The bipolar and monopolar plates can be
formed or machined to contain matching indents for the
sleeves and/or the bushings: Assembly of the stack of
plates with the sleeves or bushings may create interfer-
ence fits to effectively seal the channels. Alternatively
the sleeves or bushings may be melt bonded or adhe-
sively bonded to the plates so as from a seal at the junc-
tion. Alternatively the sleeves may be coated in the inside
with a coating which functions to seal the channel. As
mentioned above the posts can function to seal the chan-
nels. It is contemplated that a combination of these seal-
ing solutions may be utilized in single channel or in dif-
ferent channels. The components of the stack of plates,
including monopolar plates and bipolar plates, preferably
have the same shape and common edges. This facilitates
sealing of the edges. Where separators are present they
generally have a similar structure as the battery plates
to accommodate the formation or creation of the trans-
verse channels. In another embodiment the seal may be
a thermoset polymer, such as an epoxy, polyurethane or
acrylic polymer injected between the bolt and the trans-
verse channel. The sealing surface of the plate may be
modified to improve sealing when compression is applied
by the posts. The sealing surface may be smoothed, con-
toured, roughened or surface treated. A smooth surface
will have large contact area from which to make an elec-
trolyte tight seal without defects that allow liquid flow.
Contours such as concentric ring(s), ridge(s) or undula-
tions cause areas or "rings" of high pressure contact to
resist the flow of liquid electrolyte. The ridge may be filled
with a gasket material such as a deformable flat sheet or
o-ring to facilitate liquid sealing. Rough sealing surfaces
of a deformable material can compress to form reliable
liquid electrolyte seal. Surface treating the sealing sur-
face to make it incompatible to wetting by the liquid elec-
trolyte will prevent liquid electrolyte flow into the channel.
If a hydrophilic electrolyte is used the sealing surface can
be made hydrophobic. Likewise, if a hydrophobic elec-
trolyte is used the sealing surface should be hydrophilic.
[0024] The edges are sealed to prevent leakage of the
electrolyte and evolved gasses from the cells and isolate
the individual cells to prevent short circuiting of the cells.
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The edges can be sealed using any known battery seal-
ing method. In some embodiments, the edges of the as-
sembly are sealed using the endo or exoskeleton sealing
systems disclosed in commonly owned patent applica-
tion, Shaffer, II et al. Bipolar Battery Assembly, US
2010/0183920 A1. The sealing system disclosed in Shaf-
fer, II et al. contemplates unique structures for a bipolar
battery laminate structure, such as structures described
above. The structures, whether from the above methods
or not, generally comprise a first separator frame; a neg-
ative pasting frame member having one or more edges
and a supporting grid structure extending between the
one or more negative pasting frame edges; a negative
current collector foil; a substrate having a plurality of
openings formed therein; a positive current collector foil;
a positive pasting frame member having one or more
edges and a supporting grid structure extending between
the one or more positive pasting frame edges and a sec-
ond separator frame. The first separator frame may in-
clude one or more edges. The negative pasting frame
member may have one or more edges so that at least
one edge of the negative pasting frame member is in
planar contact with at least one edge of the separator
frame. The substrate may also have one or more edges
so that at least one edge of the substrate is in planar
contact with at least one edge of the negative pasting
frame member. The positive pasting frame member may
have one or more edges so that at least one edge of the
positive pasting frame member is in planar contact with
at least one edge of the substrate. The second separator
frame may have one or more edges so that at least one
edge of the separator frame is in planar contact with at
least one edge of the positive pasting frame member.
The planar contact of the edges of the separator frames,
the negative and positive pasting frame members and
the substrate form an external seal on the battery so that
an Electrolyte introduced therein will not leak from within
the battery. The edges of the pasting frame members
may further include openings for receiving alignment pins
or support members located on the edges of the sepa-
rator frames: The locating of the alignment pins into the
openings on the pasting frame members may further fa-
cilitate the forming of the external seal. It also is envi-
sioned that a frame structure may be used by which one
or more separator frames and one or more pasting
frames, in combination with the substrate, will each lie in
planar contact with adjacent frames and/or substrates so
that the internal structure of the battery cell creates an
external seal that prevents any liquid or gas (air) from
escaping the battery. The edges of the pasting frame
members may further include openings for receiving
alignment pins or support members located on the edges
of the separator frames. The locating of the alignment
pins into the openings on the pasting frame members
may further facilitate the forming of the external seal.
Thus, any electrolyte introduced into the battery will be
securely maintained without risk of battery leakage and
subsequent battery failure. Further, no heavy end plates

or external support structures are required to effectively
seal the battery. As mentioned above, the pasting frame
members may further include support members (e.g.,
pins) located between the edges of the pasting frame
members. The use of support members is just one ap-
proach to address the issue of compressive stress and
resulting unwanted edge/peeling stress within the bat-
tery. These stresses may lead to undesirable battery
leakage as discussed above. This use of the support pins
within a battery, and the resulting internal approach dis-
cussed herein, may therefore be referred to as building
a bipolar battery having an endo-skeleton. A feature of
using the endo-skeleton build or construction approach
(as compared to using an exo-skeleton build approach)
to address the undesired effects of compressive stress
within the battery, is that it does not result in a reduction
of volumetric energy density. Additionally; it is a light-
weight approach, using only a few lightweight pins with
very little loss of active material. Further, the endo-skel-
eton build approach has been found to greatly reduce
the chances of traditional bipolar battery failure mode
caused by edge peeling. Further, if desired, one can add
pins on the perimeter or edge of the frame members to
align the separating frame member, thereby allowing it
to glide up and down or back and forth during compres-
sion. If desired, the bipolar battery may be constructed
using a combination of an endo-skeleton and exo-skel-
eton build approach. For example, the bipolar battery can
be constructed using internal support pins as described
above. In addition to this, a frame structure may also be
placed on the terminal side of the monopole. This exterior
battery construction may be reinforced with an end cover
as part of an aesthetic box. The combined features of an
endo-skeleton and an exo-skeleton in such a construc-
tion work together to further reduce maximum edge
stress and displacement. The bipolar battery may also
be substantially free of any exo-skeleton structure. In one
embodiment the substrates for the battery plates can
have a raised edge about the periphery of the substrates
which function as pasting frames to for the cavity con-
taining the electrolyte, and optional separator, to seal
against one another and to seal to an outside membrane
when utilized.
[0025] The membrane may be bonded to the edge of
the plates by any means that seals the edges of the plate
and isolate the electrochemical cells. Exemplary bonding
methods comprise adhesive bonding, melt bonding, vi-
bration welding, RF welding, microwave welding among
others. The membrane is a sheet of a polymeric material
which material can seal the edges of the monopolar and
bipolar plates and can withstand exposure to the elec-
trolyte and the conditions the battery is exposed to inter-
nally and externally. The same materials useful for the
substrate of the bipolar plates may be utilized for the
membrane. Preferably the membrane is a thermoplastic
polymer that can be melt bonded, vibration welded or
molded about the substrates of the monopolar and bipo-
lar plates. Preferably the same thermoplastic polymer
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may be utilized for the monopolar and bipolar substrates
and the membranes. Particularly preferred materials are
polyethylene, polypropylene, ABS and, polyester, with
ABS most preferred. The membranes may be the size
of the side of the stacks to which they are bonded and
the membranes are bonded to each side of the stack. In
this embodiment the edges of the adjacent membranes
are preferably sealed. The edges can be sealed using
adhesives, melt bonding or a molding process. The mem-
branes may comprise a single unitary sheet which is
wrapped about the entire periphery of the stack. The lead-
ing edge of the membrane, first edge contacted with the
stack, and the trailing edge of the stack, end of the mem-
brane sheet applied, are preferably bonded to one an-
other to complete the seal. This may be performed by
use of an adhesive, by melt bonding or a molding proc-
ess. In melt bonding the surface of the membrane and/or
the edge of the stack are exposed to conditions at which
the surface of one or both becomes molten and then the
membrane and the edge of the stack are contacted while
the surfaces are molten. The membrane and edge of the
stack bond as the surface freezes forming a bond capable
of sealing the components together. In a preferred em-
bodiment the membrane is taken from a continuous sheet
of the membrane material and cut to the desired length.
The width of the membrane preferably matches the
height of the stacks of monopolar and bipolar plates. The
membrane has sufficient thickness to seal the edges of
the stack of monopolar and bipolar sheets to isolate the
cells. In a preferred embodiment the membrane also
functions as a protective case surrounding the edges of
the stack. Preferably the membrane has a thickness of
about 1 mm or greater, more preferably 1.6 mm or greater
and most preferably 2 mm or greater. Preferably the
membrane has a thickness of about 5 mm or less, more
preferably 4 mm or less and most preferably 2.5 mm or
less. In the embodiment wherein the membrane is bond-
ed to the edge of the stack, any adhesive which can with-
stand exposure to the electrolyte and the conditions of
operation of the cell may be used. Among preferred ad-
hesives are plastic cements, epoxies, cyanoacrylate
glues or acrylate resins. Alternatively, the membrane
may be formed by molding a thermoplastic or thermoset
material about a portion of, or all of, the stack of battery
plates. Any known molding method may be used includ-
ing thermoforming, reaction injection molding, injection
molding, roto molding, blow molding, compression mold-
ing and the like. Preferably the membrane is formed by
injection molding the membrane about a portion of or all
of the stack of battery plates. Where the membrane is
formed about a portion of the stack of the plates it is
preferred that the membrane is formed about the edges
of the battery plates or battery plates and the separator.
[0026] The sealed stack may be placed in a case to
protect the formed battery. Alternatively the membrane
in conjunction with a protective covering over the monop-
olar plates at the end of the stack may be used as a case
for the battery. The monopolar plates may have an ap-

propriate protective cover attached or bonded to the sur-
face opposite the anode or cathode. The cover may be
the same material as the membrane or a material that
can be adhesively bonded or melt bonded to the mem-
brane and can have a thickness within the range recited
for the membranes. If affixed to the end of the plates the
cover can be affixed with any mechanical attachment in-
cluding the posts having overlapping portions. The case
may be formed by molding a membrane about the stacks
of battery plates and/or the opposite sides of the monop-
olar plates..
[0027] The separators have integrated frames. The
frames function to match with the edges of adjacent bat-
tery plates and to form a seal between the electrochem-
ical cells and the outside of the battery. The frame can
be attached to the separator about the periphery of the
sheet forming the separator using any means that bonds
the separator to the frame and which can withstand ex-
posure to the electrolyte solution, for example by adhe-
sive bonding, melt bonding or molding the frame about
the periphery of the separator. The frame can be molded
in place by any known molding technic, for example ther-
moforming, injection molding, roto molding, blow mold-
ing, compression molding and the like. Preferably the
frame is formed about the separator sheet by injection
molding. The frame may contain a raised edge adapted
to match raised edges disposed about the periphery of
the substrates for the battery plates. Raised edges in one
or both of the battery plate substrates and the frames of
the separators, can be matched to form a common edge
for the battery stack and to enhance the seal between
the electrochemical cells and the outside of the battery.
As discussed hereinbefore the separators may have in-
serts integrated into the separator wherein the inserts
function to define the transverse channels through the
stack. The inserts may be formed by any known means
and are preferably molded in place, preferably by injec-
tion molding. Where a separator has both inserts and a
frame both parts can be molded in one step, for instance
by injection molding.
[0028] The assemblies of the invention may further
comprise one or more conductive conduits adapted to
transmit electrons from the metal sheets or foils, often
called current collectors, to the positive terminal, A typical
bipolar battery flows electrons from cell to cell through
the substrate. Either the substrate at least partially com-
prises a conductive material or comprises conductive
pathways through the substrate. When the circuit is
closed that contains the cells electrons flow from cell to
cell through the substrate to the positive terminal. It is
contemplated that the assemblies of the invention may
flow electrons, through the substrates and cell, through
a current collector to a current conductor or both.
[0029] The assembly of the invention preferably con-
tains one or more pairs of conductive terminals, each pair
connected to a positive and negative terminal. The ter-
minals are adapted to connect each battery stack to a
load, in essence a system that utilizes the electricity gen-
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erated in the cell. The terminals are in contact with the
conductive conduits in the, assemblies. The assembly
may contain pressure release valves for one or more of
the cells to release pressure if the cell reaches a danger-
ous internal pressure. The pressure release valves are
designed to prevent catastrophic failure in a manner
which damages the system the battery is used with. Once
a pressure release valve is released the battery is no
longer functional. Alternatively the assemblies of the in-
vention can contain a single check valve which releases
pressure from the entire assembly when or before a dan-
gerous pressure is reached.
[0030] The assemblies of the invention are attached
to a load and a circuit is formed which includes the cells.
Electrons are flowed to the terminals and to the load, a
system using the electricity. This flow is maintained as
long as the cells can generate electricity. If the stack of
cells becomes fully discharged the battery needs to un-
dergo a charging step before additional use. If the sub-
strate for the bipolar plates contains an electrically, con-
ductive material admixture at an operating temperature
of the battery assembly that is below its phase transfor-
mation temperature, the substrate has an electrically
conductive path via the material admixture, between a
first surface and an opposing second surface of the sub-
strate, and at a temperature that is above the phase trans-
formation temperature of the conductive material admix-
ture, the electrically conductive material admixture un-
dergoes a phase transformation that disables electrical
conductivity via the electrically conductive path. This al-
lows the disabling of the battery before untoward conse-
quences occur. Once a battery is discharged it may be
recharged by forming a circuit with a source of electrons.
During charging the electrodes change function and the
anodes during discharge become cathodes and the cath-
odes during discharge become anodes. In essence the
electrochemical cells flow electrons and ions in opposite
directions as compared to discharge.
[0031] The assembly of the invention may be prepared
by the following steps. The substrate for the bipolar plates
and monopolar plates is formed or cut to shape. If the
substrate comprises a nonconductive material and a tra-
ditional bipolar battery is being assembled, the substrate
needs to be converted to a composite substrate. Means
of achieving this is by forming holes through the substrate
by any known means, such as molding them in or ma-
chining the substrate to from the holes. The openings are
filled with conductive material, preferably conductive ma-
terial that melts at a defined temperature as described
hereinbefore. If utilized the metal sheets or foil is adhered
to one or both of the faces of the substrate. Preferably
the metal sheets or foil are bonded to the substrate using
an adhesive as described hereinbefore, preferably a ni-
trile based rubber cement. The cathode and anode are
attached to the substrate or the metal sheets or foil. The
attachment is facilitated using any standard cathode or
anode attachment method. Where the cathode and an-
ode are used in a paste form, the paste is applied to the

substrate or to the metal sheet or foil. In this embodiment
the paste is allowed to dry. Preferably the holes for the
transverse channels are preformed or machined into the
substrate, metal sheets or foil, separator, anode, cathode
and any other component present. Where the channels
are formed using sleeves, inserts or bosses and the like,
they are inserted into the battery plates and/or the sep-
arators. Where the inserts are molded in place they are
molded in place using known molding processes. The
components are then stacked such that for each plate
an anode faces a cathode of another plate. Preferably
the sheets are stacked so that the edges of the substrates
are aligned along with the edges of any other frame com-
ponents. In one embodiment a plate with two or more
guide pins or bolts is used to support the stack. The com-
ponents are stacked on the plate with the guide pins in
an appropriate order consistent with the disclosure here-
in. Two or more of the transverse channels may be used
for the alignment pins or bolts. Once the stack is com-
pleted, elastomeric membranes or plastic sleeves may
be inserted into the transverse channels. If the channel
is sealed with bushings or plastic sleeves located be-
tween the holes in the plates a coating may be applied
to the interior of the channel, interior of the holes, sleeves
and/ or bushings. If the interior of the holes of the plates
need to be threaded they are threaded either prior to
assembly or after assembly using known techniques.
Thereafter posts are inserted into the stack and secured
by the overlapping portion to the sealing surface of the
opposing side of the monopolar plates. Where the over-
lapping portion is a mechanical attachment structure,
such attachment structure is secured to the post. Where
the post is injection molded in place, molten thermoplas-
tic material is inserted into the channels and an overlap-
ping portion of the molten material is formed on the seal-
ing surfaces at both ends. Preferably the surface of the
channels is heated to melt the surface of the inside of
the channels, in this embodiment the injected thermo-
plastic material bonds well to the inside of the channel.
The thermoplastic material is allowed to cool. In another
embodiment the channel may have a form inserted into
the channels and a form for the overlapping portion of
the formed at each end. A two-part thermoset material
is then added to the channels and allowed to cure to form
the post. Where the post is designed to fit into the channel
by interference fit the post is inserted with appropriate
force. Once the posts are secured and stable, the stack
is removed from the guide pins and posts can be inserted
into the channels used for the guide pins.
[0032] When the membrane is applied to the edge sur-
face of the stack, an adhesive is applied to either or both
of the membrane or the edge of the stack and the mem-
brane and the edge of the stack are contacted so as to
bond them together. The membrane may be held in place
while the adhesive sets or cures using known mechanical
means. The edges of the membrane can be sealed to
the unsealed edges of other membrane sheets or mem-
branes or end plates on the opposite surface of the mo-
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nopolar plates. The sealing can be performed by an ad-
hesive or by melt bonding. Alternatively the membrane
can be attached by melt bonding. In melt bonding both
the edge of the stack and the surface of the membrane
to be bonded to the edge are exposed to conditions such
that the surface melts without negatively impacting the
structural integrity of the membrane or the stack. This
can be achieved by contacting each with a hot surface,
platen, hot fluid, air, radiation, vibration and the like, then
contacting the membrane and edge of the stack along
the melted surface and allowing the molten surfaces to
cool and bond together. The membrane may be cut to fit
a particular edge or can be a continuous sheet which is
wrapped around the edge of the stack. In this embodi-
ment the leading edge and the trailing edge of the mem-
brane are bonded together where they meet, preferably
by melt bonding. The membrane may be sealed to the
membrane or endplate on the outside surface of the mo-
nopolar plates, where present. Where a case is used the
assembly may be inserted into the case. Preferably the
membrane functions as a case. In the melt bonding em-
bodiment, the membrane and edge of the stack are ex-
posed to a temperature or condition at which the surface
of each is melted, becomes molten, for a time sufficient
to melt the surface of each. The temperature chosen is
preferably above the melting temperature of the material
used in the membrane and/or the substrate and any other
structural components. Preferably the temperature used
is about 200 °C or greater, more preferably about 220
°C or greater and most preferably about 230 °C or great-
er. Preferably the temperature used is about 300 °C or
less, more preferably about 270 °C or less and most pref-
erably about 240 °C or less.
[0033] The frames and/or inserts may be molded into
or onto the separators or the battery plate substrates us-
ing the following steps. The separator sheets are cut to
size (die punch, slit, stamped, etc). One or more sheets
are stacked to meet the required thickness. The sheets
are placed into a mold that places the sheets into a fixed
position. The mold forms the periphery frame around the
separator and any internal features about the transverse
channels (e.g. bushings) as required. Further the mold
is designed to not overly compress the separator material
and to prevent plastic from damaging the separator ma-
terial. Plastic is then injected into the mold and once the
plastic is cooled the part is ejected.
[0034] The membrane may be molded about a portion
of or all of the battery stacks utilizing the following steps.
Components of the battery are stacked in appropriate
order (end plate, monopolar plate, separator, bipolar
plate, etc). The stack alignment can be assured by using
the guide rods through the transverse holes of each
stacked component. The stacked assembly is then trans-
ferred into the mold which consists of a positive mold
cavity, a negative mold cavity, an insert mold cavity for
the body of the battery (alternatively slide doors could be
used as is common in injection molding) and retractable
guide pins located in either the negative mold cavity or

the positive mold cavity. The stacked assembly is trans-
ferred onto the retractable guide pins to ensure and main-
tain alignment. The mold is then closed which compress-
es the assembly. Plastic is then injected to form the outer
membrane of the battery sealing to the components and
end plates. The guide pins are then retracted and a sec-
ond shot of plastic is injected filling the transverse chan-
nels and securing the injected plastic to the end plates.
Once cooled the battery is ejected from the mold.
[0035] The assembly may further comprise one or
more vent holes leading into one or more of the electro-
chemical cells. Preferably a vent hole is in contact with
each electrochemical cell. Preferably the vent holes are
located in the battery separators for each cell. In another
embodiment the assembly of the invention may comprise
a manifold. Preferably the one or more vent holes are in
contact with the manifold and the manifold forms a com-
mon head space for all of the vent holes. Preferably the
manifold has one or more ports formed therein where
one or more valves, such as a check valve, may be placed
in the manifold ports. The battery may further comprise
a fill valve. Preferably the fill valve is located in the man-
ifold. The article of the invention may further comprise
one or more integrated filling and/or venting channels.
Such a channel is formed near the edge of a battery stack
and is in communication with the area between the cath-
ode and anode where the separator is located, this is the
area that forms the electrochemical cell when electrolyte
is added to the area. The channels can be formed by
forming holes in the separators and battery plates before
assembly and then aligning the holes. Inserts, sleeves
or bosses may be used as discussed with respect to the
transverse channels as long as the channels communi-
cate with the area adapted for use as electrochemical
sells. Preferably the channels communicate with the out-
side of the battery stack in two places. This facilitates
filling of the battery with electrolyte. After filling of the
electrochemical cells with electrolyte one of the openings
can be filled or closed. The other opening is used to vent
the battery and the electrochemical cells. During filling a
vacuum is pulled on one external hole and electrolyte is
drawn in through the other hole. Alternatively a single
hole is used and the electrochemical cells are filled as
described herein after. A valve, such as a check valve,
pop valve, pressure relief valve and the like, may be in-
serted into the remaining hole after filling. The channel
can be pre-threaded or tapped after assembly of the
stack.
[0036] After assembly, vent holes may be drilled if nec-
essary through the sealed membrane into each cell cen-
trally located on the thickness of the absorbent glass mat
separator. A manifold is then attached to the top of the
battery assembly forming a common head space above
the vent holes. In the manifold a single port may be fab-
ricated. The single manifold port may be used as a vac-
uum purge port and an electrolyte fill port. Vacuum is
applied to the manifold port via vacuum pump to low pres-
sures, such as about 29 inches Hg (about 98 kPa), then
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the vacuum source valve is turned off, the fill valve is
connected to a source of electrolyte is opened allowing
electrolyte to fill all cells of the battery simultaneously. In
some embodiments, vent holes are formed in the frames
about the separator when the frames are fabricated or
molded. In some embodiments an integrated vent chan-
nel is formed by predrilling or forming holes in the frames
of the separators and the substrates used for the battery
plates. These holes can be aligned to form a channel.
Preferably this channel communicates with the vent
holes communicate with the electrochemical cells. In
some embodiments the integrated vent channel can be
one of the transverse channels wherein the transverse
channels have a vent communicating with each of the
electrochemical cells. This can be achieved by providing
a membrane or insert in the transverse channel with vent
holes for each electrical chemical cell. In another embod-
iment the channel may be formed from inserts or bosses
which have vent holes or form vent holes which commu-
nicate with the electrochemical cells. The integrated
channels may be pressurized to prevent backflow of elec-
trolyte. The integrated channel may be terminated with
a valve to control the internal pressure of the assembly.
Before use the channel by be used to fill the electrochem-
ical cells with electrolyte. In one preferred embodiment
the valve is located on one of the end plates. The channel
can be threaded after assembly or can be pre-threaded
prior to assembly for insertion of a valve. The valve can
be inserted and retained using any known means for in-
sertion and retention. Some of the components used in
the articles disclosed herein are adapted to be disposed
adjacent to other components disclosed. Components
that are designed to be located to other components may
have or utilize components or techniques known in the
art for retaining the parts in the appropriate relationship
to one another. The particular components or techniques
used to retain components in relationship to one another
are selected based on the components, relationship and
design preferences of the skilled artisan designing or as-
sembling the assemblies of the invention.
[0037] The assemblies of the invention preferably can
withstand internal pressures of 100 psi (690 kPa) or
greater without leaking or warping due to the internal
pressures, preferably about 50 psi or greater, even more
preferably about 20 psi (138 kPa) or greater and most
preferably about 10 psi (69 kPa) or less. Preferably the
assemblies can withstand internal pressures of about 6
psi (41 kPa) to about 10 psi (69 kPa). The assemblies of
the invention preferably provide an energy density of
about 38 watt hours per kilogram, more preferably about
40 watt hours per kilogram and most preferably about 50
watt hours per kilogram. The assemblies of the invention
can generate any voltage desired, such as 6, 12, 24, 48
and 96 volts. The voltage can be higher although about
200 volts is a practical upper limit.
[0038] The following figures illustrate some embodi-
ments of the invention. Figure 1 shows a side view of a
stack of bipolar plates 10. Shown are a number of mo-

nopolar and bipolar substrate plates 11. Adjacent to each
bipolar substrate plate are anodes 12 and cathodes 13.
Disposed between the anodes 12 and the cathodes 13
of each cell is a separator 14 comprising an absorbent
glass mat having electrolyte absorbed therein. Also
shown is a seal 15 comprising a rubber tube disposed in
a transverse channel 16. In the transverse channel 16
inside the rubber tube 15 is a post 17 in the form of a
threaded bolt. At the end of the posts 17 are overlapping
portions in the form of bolt heads 18 and nuts 19. About
the edge of the the substrates of the monopolar 43 and
bipolar plates 44 are frames 20. Figure 2 shows an end
plate 21 disposed over the end of the opposite surface
of the substrate 11 of a monopolar plate 43. A seal 22 is
placed between the nut 19 on the bolt 17 and the sealing
surface 23 on the monopolar plate opposing surface 24.
[0039] Figure 3 shows applying a membrane about the
edge of a stack of bipolar substrates. An end plate 25 is
shown with four bolt heads 19 spaced apart on the end
of bolts 17. End plates 25 are shown on each end of the
stack. Disposed about the substrates 11 are frames 20.
Between the frames of the substrates 20 are the frames
for the separators 34. A membrane 27 is being applied
to the substrate frames 20 and the separator frames 34
using a source of heat 26 and pressure 28 to seal the
membrane 27 to the edge of the stack of substrates
frames 20 and separator frames 34. Figure 4 shows a
bipolar battery 29 comprising battery plate stack 10 hav-
ing substrate frames 20 interspersed with separator
frames 34. Shown are end plates 25, one showing four
bolt heads 19 spaced apart. Also shown are vent holes
30 drilled into the cells, a manifold 31 adapted to cover
the vent holes 30 and form a common head space for
the vent holes 30. Also shown is a check valve 32 dis-
posed on the manifold 31 in contact with the common
head space, not shown. Also shown are two terminal
posts 33 which are the negative and the positive terminals
for the bipolar battery 29.
[0040] Figure 5 shows a separator 14, a molded inte-
grated frame 34 and four molded in inserts 35. The mold-
ed inserts 35 are located about holes 37 adapted to form
part of the transverse channel 16. The frame 34 is dis-
posed about an absorbent glass mat 36. Figure 6 shows
molded posts 38 and molded heads 47 located on the
end piece 25. Figures 7 and 8 illustrate stacks of battery
plates and separator plates. Figure 7 shows a partially
exploded stack of battery plates and separators. Shown
is an end plate 25 having a hole 42 and holes 39 for posts
17 in the form of bolts and nuts 19. Adjacent to the end
piece is a monopolar plate 43 having a frame 20 with a
raised edge. The monopolar plate 43 has raised inserts
41, that surround holes used to form the transverse chan-
nel 16 and post 19 in the holes. Adjacent to the monopolar
plate 43 is a separator 14 having a frame 34 about the
periphery and an adsorbent glass mat 36 comprising the
central portion. Molded inserts 35 surrounding holes 37
for forming the transverse channels are shown. Adjacent
to the separator 14 is a bipolar plate 44 having a frame
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20 about the periphery which has a rased surface, mold-
ed inserts 41 which are raised to form the transverse
channel 16. The inserts 41 form holes 40 for the trans-
verse channel. Figure 8 shows the stack of battery plates
and separators. Shown are end plates 25, battery plate
substrate frames 20, separator frames 34, posts 17, nuts
about the posts 19. A hole 42 in the endplate 25 has a
battery terminal 33 located therein.
[0041] Figure 9 shows another embodiment of an as-
sembly of the invention. Shown are posts 17 and nuts 19
on the endplate 25, a hole 42 with a terminal 33 located
therein, a manifold 31 and a valve 32, Disposed about
the periphery of the battery is a membrane 27. Figure 10
shows a cutaway along the plane shown by line A-A
through the transverse channels. Shown is a monopolar
plate 43 having a substrate 11 and a cathode 13 having
a frame 20 at the ends of the substrate 11. Adjacent to
the cathode 13 on the monopolar plate 43 is a separator
14 having a frame on each end 34. Adjacent to the first
separator 14 is a bipolar plate 44 having adjacent to the
first separator 14 an anode 12. The anode 12 is disposed
on a substrate 11 and on the opposite surface of the
substrate 11 is a cathode 13 and disposed at the end in
this view is the frame 20. In this view there are number
of bipolar plates 43 arranged as described. Between the
bipolar plates 44 are separators 14. At the opposite end
of the stack is a monopolar plate 43 having a substrate
11, with a frame 20 shown at the ends in this view and
an anode 12 facing the adjacent separator 14. The pairs
of battery plates form electrochemical cells with the sep-
arators 14 located in the cells. Also shown are the trans-
verse channels 16 having seals 15 and posts 17 disposed
therein and nuts 19 at the end of the posts 17. Figure 11
shows a partial cut away view of the end of a stack of the
assembly of Figure 9 showing the vent holes 45 along
line B-B. Figure 12 shows a cutaway view of the assembly
of Figure 9 through the vent holes 45 to the electrochem-
ical cells along plane C-C. Shown are vent holes 45 for
each electrochemical cell.
[0042] Figure 13 shows another embodiment of an as-
sembly of the invention with a valve 32 in the end plate
25 of the assembly. The valve 25 communicates with an
integrated channel 46. The integrated channel 46 com-
municates with the vent holes. Figure 14 shows a cuta-
way view of the assembly of Figure 13 with an integrated
channel 46 in communication with the vent holes 45 to
the electrochemical cells along plane E-E. The integrated
channel 46 communicates with a valve 32 at the end of
the stack. Figure 15 shows a cutaway view of the assem-
bly of Figure 13 through an integrated channel 46 in com-
munication with the vent holes 45 to the electrochemical
cells along plane D-D.

Illustrative Embodiments

[0043] The following examples are provided to illus-
trate the invention, but are not intended to limit the scope
thereof. All parts and percentages are by weight unless

otherwise indicated.

Example 1:

[0044] A 12V bipolar battery is built using two monop-
ole plates (positive and negative) and 5 bipolar plates.
The plates are manufactured using methods as de-
scribed herein and Commonly owned patent application
titled BIPOLAR BATTERY ASSEMBLY, Shaffer II, et al.
US 2010/0183920. In this example the plates are 197
mm by 173 mm and include four transverse
channel holes. The plates are pasted using standard
lead-acid active materials for the negative active material
and positive active material. The battery is assembled
by stacking onto four rods through the transverse chan-
nels. This ensures alignment of the plates. After each
plate is placed four bushings are dropped onto the align-
ment rods. These bushings will establish the final com-
pressed height of the separator. Absorbent glass mat
separator is then stacked such that holes are cut into the
separator to accommodate the bushings. This process
is repeated for all of the cells. The assembly is com-
pressed and secured with temporary bolts through the
transverse channel. The battery is sealed on the edge
by melt bonding a 2 mm thick ABS sheet to the edges of
the bipolar plates. This is repeated for each of the four
sides. After the edges are sealed the temporary restrain-
ing bolts are removed from the transverse channels. An
ABS rod is inserted through the transverse channel with
the rod extending past the end plates. The ABS rod is
then heat-staked onto the end-plate to seal the channel
and secure the battery to carry the compressive loads.
[0045] Upon assembly vent holes are drilled through
the sealed membrane into each cell centrally located on
the thickness of the absorbent glass mat separator. A
manifold is then glued to the top of the battery assembly
forming a common head space above the vent holes. In
the manifold a single port is fabricated. The battery as-
sembly is placed in a water tank and 4 psi (28 kPa) of
pressure is applied through the manifold port using heli-
um gas. No leaks or bubbles were observed.
[0046] Through the port a vacuum is pulled to near 29
in-Hg (98 kPa). Vacuum is closed and a fill valve is
opened allowing acid to fill all cells of the battery simul-
taneously. The battery is then formed using standard
lead-acid battery formation procedures. After formation
the battery is tested for open-cell voltage, capacity and
resistance. In this example, the battery had an open cir-
cuit voltage (OCV) of 12.95 V with a capacity at the 20
hour discharge rate of 18 Ah and a resistance of 20 mil-
liohms.
[0047] In one set of experiments a pressure gauge is
attached to the manifold port. The charged battery is
placed in a water tank and a voltage is applied across
the terminals. The voltage is varied from 14V to 16V.
Pressure is monitored and increases with applied voltage
due to oxygen and hydrogen gas production at the elec-
trodes. At 16V the pressure indicated is 30 psi (207 pKa).
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No bubbles and leaks are observed.

Example 2

[0048] A second battery is built similar to Example 1.
In this example the transverse channels are filled with an
epoxy resin. A cap feature is molded on the ends of the
resin on the end plate to assist in supporting the com-
pressive load. After assembly the battery is pressure
tested with helium at 4 psi (28 kPa) while immersed in a
water tank. No visible leaks are observed. As before the
battery is filled with acid and formed. The battery exhibits
an OCV of 12.93V, a 20 hour discharge capacity of 17.8
amp hour (Ah) and a resistance of 24 milliohms.

Example 3

[0049] A 96 volt battery is built using similar methods
described in Example 1. The battery is built with a positive
monopolar end assembly, a negative monopolar end as-
sembly and 47 bipolar plates. In this example the trans-
verse channels are tapped and a threaded plastic rod is
inserted into the channels. The threaded rod extends
past the monopole end plates. Similar to Example 1 the
threaded rod is heat-staked to form the end-seal and se-
cure compressive loads.
After assembly the battery is pressure tested with 4 psi
(28 kPa) of helium; no leaks are observed. As before the
battery is filled with acid and formed. The battery exhibits
an OCV of 103.5V and a 20 hour capacity of 17Ah.
[0050] Parts by weight as used herein refers to 100
parts by weight of the composition specifically referred
to. Exemplary embodiments of the invention have been
disclosed. Any numerical values recited in the above ap-
plication include all values from the lower value to the
upper value in increments of one unit provided that there
is a separation of at least 2 units between any lower value
and any higher value. All possible combinations of nu-
merical values between the lowest value and the highest
value enumerated are to be considered to be expressly
stated in this application. Unless otherwise stated, all
ranges include both endpoints and all numbers between
the endpoints. The use of "about" or "approximately" in
connection with a range applies to both ends of the range.
Thus, "about 20 to 30" is intended to cover "about 20 to
about 30", inclusive of at least the specified endpoints.
The term "consisting essentially of" to describe a combi-
nation shall include the elements, ingredients, compo-
nents or steps identified, and such other elements ingre-
dients, components or steps that do not materially affect
the basic and novel characteristics of the combination.
The use of the terms "comprising" or "including" to de-
scribe combinations of elements, ingredients, compo-
nents or steps herein also contemplates embodiments
that consist essentially of the elements, ingredients, com-
ponents or steps. Plural elements, ingredients, compo-
nents or steps can be provided by a single integrated
element, ingredient, component or step. Alternatively, a

single integrated element, ingredient, component or step
might be divided into separate plural elements, ingredi-
ents, components or steps. The disclosure of "a" or "one"
to describe an element, ingredient, component or step is
not intended to foreclose additional elements, ingredi-
ents, components or steps.

Claims

1. A bipolar battery comprising:

a) one or more stacks of battery plates (10) as-
sembled into electrochemical cells comprising:

one or more bipolar plates (44) comprising
a substrate (11) having an anode (12) on
one surface and a cathode (13) on the op-
posite surface,
a monopolar plate (43) comprising a sub-
strate (11) having a cathode (13) deposited
on one surface, and
a monopolar plate (43) comprising a sub-
strate (11) having an anode (12) deposited
on one surface,
wherein the battery plates (43, 44) are ar-
ranged such that the surfaces of the battery
plates having a cathode (13) deposited on
the surface face the surface of another bat-
tery plate having an anode (12) deposited
on the surface, and the monopolar plates
(43) are located at opposite ends of each
stack of battery plates (10);

b) a liquid electrolyte disposed between each
pair of battery plates, wherein the liquid electro-
lyte functions with an anode and cathode pair to
form an electrochemical cell;
c) a separator (14) located between the anode
(12) and the cathode (13) of the electrochemical
cell, wherein the separator is in the form of a
sheet (36) having adhered to its periphery a
frame (34) adapted to be placed adjacent to a
periphery of the substrate (11) of the battery
plates (10); and
d) a membrane (27) comprising a thermoplastic
polymer is disposed about an entire periphery
of edges of the one or more stacks of battery
plates (10) so as to form a seal about the pe-
riphery of the edge of the battery plates (10)
which seal prevents the liquid electrolyte from
flowing outside of the one or more stacks of bat-
tery plates, wherein the membrane (27) is ad-
hered to the edges of each stack of monopolar
and bipolar plates (43, 44) such that the mem-
brane (27) is bonded to the edge of the battery
plates (10) whereby the membrane seals the
edges of the plates and isolates the electro-
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chemical cells, wherein the membrane is a sheet
of a polymeric material and (a) the sheet is a
single unitary sheet that is wrapped about an
entire periphery of the stack or (b) the membrane
comprises membranes, each membrane having
a size corresponding to the size of a side of the
stack to which it is bonded and the membranes
are bonded to each side of the stack.

2. The bipolar battery according to Claim 1, wherein
the membrane (27) is a thermoplastic polymer.

3. The bipolar battery according to Claims 1 or 2,
wherein the membrane (27) has a leading edge and
a trailing edge; and
wherein the leading edge and the trailing edge of the
membrane are melt bonded to one another such that
the membrane forms the seal about the periphery of
the one or more stacks of battery plates (10) such
that the liquid electrolyte does not pass from inside
of the one or more stacks to outside the membrane
(27).

4. The bipolar battery according to Claim 3, wherein
the substrate (11) of the one or more bipolar plates
(44) is a polymeric substrate having a plurality of
openings passing through the substrate in commu-
nication with both faces of the substrate; and
wherein one or more of the openings are filled with
a conductive material which is in contact with both
faces of the substrate (11).

5. The bipolar battery according to any of the preceding
claims, wherein the substrate (11) of the one or more
bipolar plates (44) comprise one or more thermoset
polymers and a thermoplastic edge about the pe-
riphery of the thermoset polymer.

6. The bipolar battery according to any of the preceding
claims, wherein the membrane (27) is a sheet of a
polymeric material which can seal the edges of the
monopolar and bipolar plates (43, 44) and can with-
stand exposure to the liquid electrolyte and the con-
ditions the bipolar battery is exposed to internally
and externally.

7. The bipolar battery according to any of the preceding
claims, wherein the polymeric material is a thermo-
plastic polymer and the same thermoplastic polymer
is utilized for the substrates (11) of the monopolar
plates (43), the substrates (11) of the one or more
bipolar plates (44), and the membrane (27).

8. The bipolar battery according to any of the preceding
claims, wherein the membrane (27) comprises a
thermoplastic polymer that can be melt bonded, vi-
bration welded, or molded about the substrates (11)
of the monopolar plates (43) and the substrate (11)

of the one or more bipolar plates (44).

9. The bipolar battery according to Claim 8, wherein
the thermoplastic polymer is polyethylene, polypro-
pylene, ABS or polyester.

10. The bipolar battery according to any of the preceding
claims, wherein the membrane (27) is a thermoplas-
tic polymer injection molded about the one or more
stacks of battery plates (10).

11. The bipolar battery according to any of the preceding
claims, wherein the bipolar battery comprises mem-
branes (27) having a size of a side of the one or more
stacks to which it is bonded.

12. The bipolar battery according to Claim 11, wherein
the membrane (27) is bonded to four sides of the
one or more stacks.

13. A bipolar battery according to any of the preceding
claims, wherein the membrane (27) comprises a sin-
gle unitary sheet which is wrapped about the entire
periphery of the one or more stacks (10);
wherein a leading edge of the membrane (27), which
is a first edge of the sheet contacted with the one or
more stacks, and a trailing edge of the membrane
(27), which is an end of the sheet, are bonded to one
another to complete the seal.

14. The bipolar battery according to any of the preceding
claims, wherein the bipolar battery comprises one or
more valves (32) adapted to release pressure in the
sealed stacks of bipolar plates (10) when the pres-
sure reaches a predetermined pressure level which
is below a pressure at which damage to the bipolar
battery could occur.

15. The bipolar battery according to any of the preceding
claims, wherein the battery plates (43, 44) and sep-
arators (14) have one or more holes (37) passing
therethrough wherein the holes (37) are aligned to
form one or more channels (16) through the stack of
battery plates (10) and separators (14).

16. The bipolar battery according to Claim 15, wherein
the holes (37) in the battery plates (43, 44) and the
separators (14) comprise inserts (35, 41) which are
aligned to form the channel (16); and
wherein the inserts (35, 41) interlock with one anoth-
er to form a leakproof seal; and
wherein the inserts (35, 41) are integrated into the
battery plates (43, 44) and the separators (14).

Patentansprüche

1. Bipolare Batterie, umfassend:
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a) einen oder mehrere Stapel von Batterieplat-
ten (10), die zu elektrochemischen Zellen zu-
sammengefügt sind und umfassen:

eine oder mehrere bipolare Platten (44), die
ein Substrat (11) umfassen, das eine Anode
(12) auf einer Oberfläche und eine Kathode
(13) auf der gegenüberliegenden Oberflä-
che aufweist,
eine monopolare Platte (43), die ein Subst-
rat (11) umfasst, das eine Kathode (13) auf
eine Oberfläche abgeschieden aufweist,
und
eine monopolare Platte (43), die ein Subst-
rat (11) umfasst, das eine Anode (12) auf
eine Oberfläche abgeschieden aufweist,
wobei die Batterieplatten (43, 44) derart an-
geordnet sind, dass die Oberflächen der
Batterieplatten, die eine Kathode (13) auf
die Oberfläche abgeschieden aufweisen,
der Oberfläche einer anderen Batterieplatte
gegenüberliegen, die eine Anode (12) auf
die Oberfläche abgeschieden aufweist, und
die monopolaren Platten (43) sich an ge-
genüberliegenden Enden jedes Stapels der
Batterieplatten (10) befinden;

b) einen flüssigen Elektrolyten, der zwischen je-
dem Paar von Batterieplatten angeordnet ist,
wobei der flüssige Elektrolyt mit einem Anoden-
und Kathoden-Paar zusammenwirkt, um eine
elektrochemische Zelle zu bilden;
c) einen Separator (14), der sich zwischen der
Anode (12) und der Kathode (13) der elektro-
chemischen Zelle befindet, wobei der Separator
in Form einer Folie (36) ist, die an ihren Umfang
einen Rahmen (34) geklebt aufweist, der aus-
gelegt ist, um benachbart zu einem Umfang des
Substrats (11) der Batterieplatten (10) platziert
zu werden; und
d) eine Membran (27), die ein thermoplastisches
Polymer umfasst und um einen gesamten Um-
fang von Kanten des einen oder der mehreren
Stapel von Batterieplatten (10) angeordnet ist,
um eine Dichtung um den Umfang der Kante der
Batterieplatten (10) zu bilden, welche Dichtung
verhindert, dass der flüssige Elektrolyt aus dem
einen oder den mehreren Stapeln von Batterie-
platten nach außen fließt, wobei die Membran
(27) an die Kanten jedes Stapels von monopo-
laren und bipolaren Platten (43, 44) geklebt ist,
derart dass die Membran (27) an die Kante der
Batterieplatten (10) gebondet ist, wodurch die
Membran die Kanten der Platten abdichtet und
die elektrochemischen Zellen isoliert, wobei die
Membran eine Folie aus einem Polymermaterial
ist, und (a) die Folie eine einzige unitäre Folie
ist, die um einen gesamten Umfang des Stapels

gewickelt ist, oder (b) die Membran Membranen
umfasst, wobei jede Membran eine Größe auf-
weist, die der Größe einer Seite des Stapels ent-
spricht, an welche sie gebondet ist, und die
Membranen an jede Seite des Stapels gebondet
sind.

2. Bipolare Batterie nach Anspruch 1, wobei die Mem-
bran (27) ein thermoplastisches Polymer ist.

3. Bipolare Batterie nach Anspruch 1 oder 2, wobei die
Membran (27) eine Vorderkante und eine Hinterkan-
te aufweist; und
wobei die Vorderkante und die Hinterkante der Mem-
bran aneinander schmelzgebondet sind, derart dass
die Membran die Dichtung um den Umfang des ei-
nen oder der mehreren Stapel von Batterieplatten
(10) bildet, derart dass der flüssige Elektrolyt nicht
von der Innenseite des einen oder der mehreren Sta-
pel zur Außenseite der Membran (27) durchtritt.

4. Bipolare Batterie nach Anspruch 3, wobei das Sub-
strat (11) der einen oder der mehreren bipolaren
Platten (44) ein Polymersubstrat ist, das eine Mehr-
zahl von Öffnungen aufweist, die in Verbindung mit
beiden Flächen des Substrats durch das Substrat
durchtritt, und wobei eine oder mehrere der Öffnun-
gen mit einem leitenden Material gefüllt sind, das mit
beiden Flächen des Substrats (11) in Kontakt ist.

5. Bipolare Batterie nach einem der vorhergehenden
Ansprüche, wobei das Substrat (11) der einen oder
der mehreren bipolaren Platten (44) ein oder meh-
rere wärmehärtende Polymere und eine thermoplas-
tische Kante um den Umfang des wärmehärtendes
Polymers umfasst.

6. Bipolare Batterie nach einem der vorhergehenden
Ansprüche, wobei die Membran (27) eine Folie aus
einem Polymermaterial ist, das die Kanten der mo-
nopolaren und bipolaren Platten (43, 44) abdichten
kann und Kontakt mit dem flüssigen Elektrolyten und
den Bedingungen, denen die bipolare Batterie intern
und extern ausgesetzt ist, standhalten kann.

7. Bipolare Batterie nach einem der vorhergehenden
Ansprüche, wobei das Polymermaterial ein thermo-
plastisches Polymer ist, und dasselbe thermoplasti-
sche Polymer für die Substrate (11) der monopola-
ren Platten (43), die Substrate (11) der einen oder
der mehreren bipolaren Platten (44) und die Memb-
ran (27) verwendet wird.

8. Bipolare Batterie nach einem der vorhergehenden
Ansprüche, wobei die Membran (27) ein thermoplas-
tisches Polymer ist, das schmelzgebondet, vibra-
tionsgeschweißt oder um die Substrate (11) der mo-
nopolaren Platten (43) und das Substrat (11) der ei-
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nen oder der mehreren bipolaren Platten (44) ge-
spritzt sein kann.

9. Bipolare Batterie nach Anspruch 8, wobei das ther-
moplastische Polymer Polyethylen, Polypropylen,
ABS oder Polyester ist.

10. Bipolare Batterie nach einem der vorhergehenden
Ansprüche, wobei die Membran (27) ein thermoplas-
tisches Polymer ist, das um den einen oder die meh-
reren Stapel von Batterieplatten (10) spritzgegossen
ist.

11. Bipolare Batterie nach einem der vorhergehenden
Ansprüche, wobei die bipolare Batterie Membranen
(27) umfasst, die eine Größe einer Seite des einen
oder der mehreren Stapel aufweisen, an die sie ge-
bondet sind.

12. Bipolare Batterie nach Anspruch 11, wobei die Mem-
bran (27) an vier Seiten des einen oder der mehreren
Stapel gebondet ist.

13. Bipolare Batterie nach einem der vorhergehenden
Ansprüche, wobei die Membran (27) eine einzige
unitäre Folie umfasst, die um den gesamten Umfang
des einen oder der mehreren Stapel (10) gewickelt
ist;
wobei eine Vorderkante der Membran (27), die eine
erste Kante der Folie ist, die mit dem einen oder den
mehreren Stapeln in Kontakt gebracht ist, und eine
Hinterkante der Membran (27), die ein Ende der Fo-
lie ist, aneinander gebondet sind, um die Dichtung
zu komplettieren.

14. Bipolare Batterie nach einem der vorhergehenden
Ansprüche, wobei die bipolare Batterie ein oder
mehrere Ventile (32) umfasst, die so ausgelegt sind,
dass sie Druck in den abgedichteten Stapeln von
bipolaren Platten (10) ablassen, wenn der Druck ei-
nen vorbestimmten Druckpegel erreicht, der unter
einem Druck ist, bei dem Beschädigung der bipola-
ren Batterie auftreten werden könnte.

15. Bipolare Batterie nach einem der vorhergehenden
Ansprüche, wobei die Batterieplatten (43, 44) und
Separatoren (14) ein oder mehrere Löcher (37) auf-
weisen, die dadurch durchtreten, wobei die Löcher
(37) ausgerichtet sind, um einen oder mehrere Ka-
näle (16) durch den Stapel von Batterieplatten (10)
und die Separatoren (14) zu bilden.

16. Bipolare Batterie nach Anspruch 15, wobei die Lö-
cher (37) in den Batterieplatten (43, 44) und den Se-
paratoren (14) Einsätze (35, 41) umfassen, die aus-
gerichtet sind, um den Kanal (16) zu bilden; und
wobei die Einsätze (35, 41) ineinandergreifen, um
eine lecksichere Dichtung zu bilden; und

wobei die Einsätze (35, 41) in die Batterieplatten (43,
44) und die Separatoren (14) integriert sind.

Revendications

1. Batterie bipolaire comprenant :

a) une ou plusieurs piles de plaques de batterie
(10) assemblés en cellules électrochimiques
comprenant :

une ou plusieurs plaques bipolaires (44)
comprenant un substrat (11) ayant une ano-
de (12) sur une surface et une cathode (13)
sur la surface opposée,
une plaque monopolaire (43) comprenant
un substrat (11) ayant une cathode (13) dé-
posée sur une surface, et
une plaque monopolaire (43) comprenant
un substrat (11) ayant une anode (12) dé-
posée sur une surface,
où les plaques de batterie (43, 44) sont dis-
posées de telle sorte que les surfaces des
plaques de batterie ayant une cathode (13)
déposée sur la surface fassent face à la sur-
face d’une autre plaque de batterie ayant
une anode (12) déposée sur la surface, et
les plaques monopolaires (43) sont situées
aux extrémités opposées de chaque pile de
plaques de batterie (10) ;

b) un électrolyte liquide disposé entre chaque
paire de plaques de batterie, où l’électrolyte li-
quide fonctionne avec une paire d’anode et de
cathode pour former une cellule
électrochimique ;
c) un séparateur (14) situé entre l’anode (12) et
la cathode (13) de la cellule électrochimique, où
le séparateur se présente sous la forme d’une
feuille (36) à la périphérie de laquelle est collé
un cadre (34) adapté pour être placé de manière
adjacente à une périphérie du substrat (11) des
plaques de batterie (10) ; et
d) une membrane (27) comprenant un polymère
thermoplastique est disposée sur toute la péri-
phérie des bords des une ou plusieurs piles de
plaques de batterie (10) de manière à former un
joint autour de la périphérie du bord des plaques
de batterie (10), lequel joint empêche l’électro-
lyte liquide de s’écouler à l’extérieur des une ou
plusieurs piles de plaques de batterie, où la
membrane (27) est collée aux bords de chaque
pile de plaques monopolaires et bipolaires (43,
44) de manière à ce que la membrane (27) soit
collée au bord des plaques de batterie (10), la
membrane scellant ainsi les bords des plaques
et isolant les cellules électrochimiques, où la
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membrane est une feuille d’un matériau poly-
mère et (a) la feuille est une feuille unitaire uni-
que qui est enroulée autour de l’intégralité de la
périphérie de la pile ou (b) la membrane com-
prend des membranes, chaque membrane
ayant une taille correspondant à la taille d’un
côté de la pile auquel elle est collée, et les mem-
branes sont collées à chaque côté de la pile.

2. Batterie bipolaire selon la revendication 1, dans la-
quelle la membrane (27) est un polymère thermo-
plastique.

3. Batterie bipolaire selon la revendication 1 ou la re-
vendication 2, dans laquelle la membrane (27) a un
bord avant et un bord arrière ; et
dans laquelle le bord avant et le bord arrière de la
membrane sont liés par fusion l’un à l’autre de ma-
nière à ce que la membrane forme le joint autour de
la périphérie des une ou plusieurs piles de plaques
de batterie (10) de sorte que l’électrolyte liquide ne
passe pas de l’intérieur des une ou plusieurs piles à
l’extérieur de la membrane (27).

4. Batterie bipolaire selon la revendication 3, dans la-
quelle le substrat (11) des une ou plusieurs plaques
bipolaires (44) est un substrat polymère ayant une
pluralité d’ouvertures traversant le substrat en com-
munication avec les deux faces du substrat ; et
dans laquelle une ou plusieurs des ouvertures sont
remplies d’un matériau conducteur qui est en contact
avec les deux faces du substrat (11).

5. Batterie bipolaire selon l’une quelconque des reven-
dications précédentes, dans laquelle le substrat (11)
des une ou plusieurs plaques bipolaires (44) com-
prend un ou plusieurs polymères thermodurcis et un
bord thermoplastique autour de la périphérie du po-
lymère thermodurci.

6. Batterie bipolaire selon l’une quelconque des reven-
dications précédentes, dans laquelle la membrane
(27) est une feuille d’un matériau polymère qui peut
sceller les bords des plaques monopolaires et bipo-
laires (43, 44) et peut résister à l’exposition à l’élec-
trolyte liquide et aux conditions auxquelles la batterie
bipolaire est exposée intérieurement et extérieure-
ment.

7. Batterie bipolaire selon l’une quelconque des reven-
dications précédentes, dans laquelle le matériau po-
lymère est un polymère thermoplastique et le même
polymère thermoplastique est utilisé pour les subs-
trats (11) des plaques monopolaires (43), les subs-
trats (11) des une ou plusieurs plaques bipolaires
(44) et la membrane (27).

8. Batterie bipolaire selon l’une quelconque des reven-

dications précédentes, dans laquelle la membrane
(27) comprend un polymère thermoplastique qui
peut être lié par fusion, soudé par vibration, ou moulé
autour des substrats (11) des plaques monopolaires
(43) et du substrat (11) des une ou plusieurs plaques
bipolaires (44) .

9. Batterie bipolaire selon la revendication 8, dans la-
quelle le polymère thermoplastique est du polyéthy-
lène, du polypropylène, de l’ABS ou du polyester.

10. Batterie bipolaire selon l’une quelconque des reven-
dications précédentes, dans laquelle la membrane
(27) est un polymère thermoplastique moulé par in-
jection autour des une ou plusieurs piles de plaques
de batterie (10).

11. Batterie bipolaire selon l’une quelconque des reven-
dications précédentes, dans laquelle la batterie bi-
polaire comprend des membranes (27) ayant la taille
d’un côté des une ou plusieurs piles auxquelles elle
est collée.

12. Batterie bipolaire selon la revendication 11, dans la-
quelle la membrane (27) est collée aux quatre côtés
des une ou plusieurs piles.

13. Batterie bipolaire selon l’une quelconque des reven-
dications précédentes, dans laquelle la membrane
(27) comprend une feuille unitaire unique qui est en-
roulée autour de l’intégralité de la périphérie des une
ou plusieurs piles (10) ;
où un bord avant de la membrane (27), qui est un
premier bord de la feuille en contact avec les une ou
plusieurs piles, et un bord arrière de la membrane
(27), qui est une extrémité de la feuille, sont collés
l’un à l’autre pour compléter le joint.

14. Batterie bipolaire selon l’une quelconque des reven-
dications précédentes, dans laquelle la batterie bi-
polaire comprend une ou plusieurs valves (32) adap-
tées pour relâcher la pression dans les piles scellées
de plaques bipolaires (10) lorsque la pression atteint
un niveau de pression prédéterminé qui est inférieur
à une pression à laquelle la batterie bipolaire pourrait
être endommagée.

15. Batterie bipolaire selon l’une quelconque des reven-
dications précédentes, dans laquelle les plaques de
batterie (43, 44) et les séparateurs (14) comportent
un ou plusieurs trous (37) les traversant, les trous
(37) étant alignés pour former un ou plusieurs ca-
naux (16) à travers la pile de plaques de batterie (10)
et de séparateurs (14).

16. Batterie bipolaire selon la revendication 15, dans la-
quelle les trous (37) dans les plaques de batterie
(43, 44) et les séparateurs (14) comprennent des

39 40 



EP 3 376 560 B1

22

5

10

15

20

25

30

35

40

45

50

55

inserts (35, 41) qui sont alignés pour former le canal
(16) ; et
dans laquelle les inserts (35, 41) s’emboîtent les uns
dans les autres pour former un joint étanche ; et
dans laquelle les inserts (35, 41) sont intégrés dans
les plaques de batterie (43, 44) et les séparateurs
(14) .
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