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BIPOLAR BATTERY CURRENT COLLECTOR
AND BIPOLAR BATTERY

TECHNICAL FIELD

[0001] The present invention relates to a bipolar battery
current collector and a bipolar battery.

BACKGROUND ART

[0002] In recent years, the reduction of carbon dioxide
emissions has been sincerely desired for the purpose of envi-
ronmental protection. The automotive industry has a growing
expectation on the introduction of electric vehicles (EV) and
hybrid electric vehicles (HEV) for the reduction of carbon
oxide emissions and has increasingly developed motor-drive
batteries, which become key to the practical application of
these electric vehicles. Among various batteries for automo-
tive uses, attentions are being given to bipolar batteries. The
bipolar battery exhibits a high battery voltage as the flow of
electric current through a current collector in a vertical direc-
tion (an electrode layer lamination direction) in the bipolar
battery leads to short electron conduction passage and high
output.

[0003] The bipolar battery has a collector as a structural
part on both sides of which positive and negative electrode
material layers are formed. Patent Document 1 teaches a
collector containing a resin material for weight reduction.

PRIOR ART DOCUMENTS

Patent Documents

[0004] Patent Document 1:
[0005] Japanese Laid-Open Patent Publication No. 2004-
164897
SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
[0006] In the case of using a metal collector in the bipolar

battery, the bipolar battery allows a flow of electric current
through the metal collector in an in-plane direction thereof so
as to, even if a battery structural part (e.g. separator) have
variations in electrical resistance in its in-plane direction,
avoid a current flow through a high electrical resistance area
of the battery structural part and thereby not to cause local
heat generation in the battery structural part. However, the
resinous conductive collector as described in Patent Docu-
ment 1 has higher electrical resistance in an in-plane direction
than the metal collector. In the case of using such a resinous
collector in the bipolar battery, the bipolar battery causes
local heat generation by a continuous current flow through a
high electrical resistance area of the battery structural part.

Means for Solving the Problems

[0007] Tt is therefore an object of the present invention to
provide a technique for suppressing local heat generation in a
bipolar battery for improvement in the durability of the bipo-
lar battery.

[0008] The present inventors have made extensive
researches to solve the above problems and, as a result, found
that it is possible to suppress local heat generation in a bipolar
battery and obtain improvement in battery durability by the
use of a current collector formed with a conductive resin layer
in such a manner as to, when at least part of the conductive
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resin layer reaches a predetermined temperature, interrupt a
flow of electric current in the at least part of the conductive
resin layer in a vertical direction thereof. The present inven-
tion is based on such a finding.

[0009] Namely, thereis provided according to one aspect of
the present invention a bipolar battery current collector, com-
prising a conductive resin layer formed in such a manner as to,
when at least part of the conductive resin layer reaches a
predetermined temperature, interrupt a flow of electric cur-
rent in the at least part of the conductive resin layer in a
vertical direction thereof.

[0010] There is provided according to another aspect of the
present invention a bipolar battery comprising the above-
mentioned current collector.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a schematic section view of a bipolar
battery according to one embodiment of the present inven-
tion.

[0012] FIG. 2 is a schematic section view of an example of
a current collector for use in the bipolar battery according to
the one embodiment of the present invention.

[0013] FIG. 3 is a schematic section view of an example of
a current collector for use in the bipolar battery according to
the one embodiment of the present invention.

[0014] FIG. 4 is a schematic section view of an example of
a current collector for use in the bipolar battery according to
the one embodiment of the present invention.

[0015] FIG. 5is a schematic section view of an example of
a current collector for use in the bipolar battery according to
the one embodiment of the present invention.

[0016] FIG. 6 is a schematic section view of an example of
a current collector for use in the bipolar battery according to
the one embodiment of the present invention.

[0017] FIG. 7 is a schematic section view of an example of
a current collector for use in the bipolar battery according to
the one embodiment of the present invention.

[0018] FIG. 8 is a schematic section view of an example of
a current collector for use in the bipolar battery according to
the one embodiment of the present invention.

[0019] FIG. 9 is a schematic section view of an example of
a current collector for use in the bipolar battery according to
the one embodiment of the present invention.

[0020] FIG.10is a schematic section view of an example of
a current collector for use in the bipolar battery according to
the one embodiment of the present invention.

[0021] FIG. 11 is a perspective view showing an appear-
ance of the bipolar battery according to the one embodiment
of the present invention.

[0022] FIG. 12 is a plan view of a battery assembly accord-
ing to one embodiment of the present invention.

[0023] FIG. 13 is a front view of the battery assembly
according to the one embodiment of the present invention.
[0024] FIG. 14 is a side view of the battery assembly
according to the one embodiment of the present invention.

DETAILED DESCRIPTION

[0025] Exemplary embodiments of the present invention
will be described in detail below with reference to the draw-
ings. It should be herein noted that the present invention is not
limited to the following embodiments. In the drawings, like
parts and portions are designated by like reference numerals
to omit repeated explanations thereof.
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[0026] Further, the dimensions of the respective parts and
portions may be exaggerated for purposes of illustration in the
drawings and may be different from the actual dimensions.
[0027] [Bipolar Battery]

[0028] There is no particular limitation on the structure or
form of a bipolar battery according to one embodiment of the
present invention. The bipolar battery can have any known
structure such as a laminated (flat) battery structure or wind-
ing (cylindrical) battery structure.

[0029] There is also no particular limitation on the electro-
lyte form of the bipolar battery. As will be explained later in
detail, the bipolar battery can be either a liquid electrolyte
battery in which a separator is impregnated with a nonaque-
ous electrolytic solution, a polymer gel electrolyte battery
also called a polymer battery, or a solid polymer electrolyte
battery (all-solid-state electrolyte battery).

[0030] Further, there is no particular limitation on the mate-
rials of electrodes or metal ions transferring between the
electrodes of the bipolar battery. Any known electrode mate-
rial is usable. For example, the bipolar battery can be a
lithium-ion secondary battery, a sodium-ion secondary bat-
tery, a potassium-ion secondary battery, a nickel-metal-hy-
dride secondary battery, a nickel-cadmium secondary battery,
a nickel-metal-hydride battery or the like. Preferably, the
bipolar battery is in the form of a lithium-ion secondary
battery. The lithium-ion secondary battery attains high energy
density and output density because of high cell voltage (unit
cell voltage) and exhibits superior performance as a vehicle
driving power source or auxiliary power source. Thus, the
lithium-ion secondary battery can suitably be used as a large
capacity power source for an electric vehicle, a hybrid electric
vehicle, a fuel cell vehicle, a hybrid fuel cell vehicle etc.
[0031] FIG. 1 is a schematic section view showing the
overall structure of bipolar lithium-ion secondary battery 10
as one example of the bipolar battery according to the one
exemplary embodiment of the present invention. Bipolar
lithium-ion secondary battery 10 has substantially rectangu-
lar battery element 21, which actually undergoes a charge/
discharge reaction, sealed in a battery package of laminate
film 29.

[0032] Battery element 21 includes a plurality of bipolar
electrodes 23 each having collector 11, positive electrode
active material layer 13 electrically connected to one side of
collector 11 and negative electrode active material layer 15
electrically connected to the other side of collector 11. These
bipolar electrodes 23 are laminated together via electrolyte
layers 17, thereby constituting battery element 21. There are
provided separators as a substrate medium so that electrolyte
layers 17 are formed by retaining an electrolyte material in
planar center portions of the separators, respectively. Bipolar
electrodes 23 and electrolyte layers 17 are alternately lami-
nated on each other in such a manner that positive electrode
active material layer 13 of either one of bipolar electrodes 23
faces negative electrode active material layer 15 of any other
one of bipolar electrodes 23 adjacent to the aforementioned
either one of bipolar electrodes 23 via electrolyte layer 17.
Namely, electrolyte layer 17 is arranged between positive
electrode active material layer 13 of the either one of bipolar
electrodes 23 and negative electrode active material layer 15
of the any other one of bipolar electrodes 23 adjacent to the
aforementioned either one of bipolar electrodes 23. These
adjacently located positive electrode active material layer 13,
electrolyte layer 17 and negative electrode active material
layer 15 constitute unit cell 19. It can be thus said that bipolar
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lithium-ion secondary battery 10 has a laminated structure of
unit cells 19. Outermost collector 114 is located as a positive-
electrode-side outermost layer of battery element 21. Positive
electrode active material layer 13 is formed only on one side
of outermost collector 11a. Further, outermost collector 115
is located as a negative-electrode-side outermost layer of
battery element 21. Negative electrode active material layer
15 is formed only on one side of outermost collector 115.
Alternatively, positive electrode active material layers 13 may
be formed on both sides of positive-electrode-side outermost
collector 11a; and negative electrode active material layer 15
may be formed on both sides of negative-electrode-side out-
ermost collector 115.

[0033] Bipolar lithium-ion secondary battery 10 also has a
positive electrode collector plate 25 located adjacent to posi-
tive-electrode-side outermost collector 11a and led out from
the battery package of laminate film 29 and a negative elec-
trode collector plate 27 located adjacent to negative-elec-
trode-side outermost collector 115 and led out from the bat-
tery package of laminate film 29.

[0034] In bipolar lithium-ion secondary battery 10, seal
members 31 (insulation layers) are arranged at outer periph-
eries of unit cells 19 so as to perform the function of prevent-
ing not only the occurrence of a liquid junction due to elec-
trolytic solution leakage from electrolyte layers 17 but also
contact between adjacent collectors 11 in battery 10 and short
circuit due to slight variations between ends of unit cells 19 in
battery element 21. The arrangement of such seal members
makes it possible that the bipolar lithium-ion secondary bat-
tery 10 can secure long-term reliability and safety and achieve
high quality.

[0035] Herein, the number of lamination of unit cells 19 is
adjusted depending on the desired battery voltage. It is fea-
sible to decrease the number of lamination of unit cells 19 and
thereby reduce the thickness of bipolar secondary battery 10
as long as bipolar secondary battery 10 can secure sufficient
output. In bipolar lithium-ion secondary battery 10, battery
element 21 is preferably vacuum-sealed in the battery pack-
age of laminate film 29, with some portions of positive and
negative electrode collector plates 25 and 27 led out of lami-
nate film 29, in order to protect battery element 21 from
external impact and environmental deterioration during use.
[0036] The main structural parts of bipolar lithium-ion sec-
ondary battery 10 will be described in more detail below.
[0037] (Collector)

[0038] Collector 11 contains a conductive resin layer. Pref-
erably, collector 11 is in the form of a conductive resin layer.
The resin layer shows electrical conductivity, contains a resin
material as an essential component, and performs a current
collector function. In order for the resin layer to show elec-
trical conductivity, it is feasible to form the resin layer using:
1) a conductive polymer material; or 2) a composition con-
taining a resin and a conductive filler (conductive material).
[0039] The conductive polymer material can be from those
that have electrical conductivity but do not allow conduction
of ions as a charge transfer medium. It is estimated that the
conductive polymer material shows electrical conductivity by
the formation of an energy band with a conjugated polyene
system thereof. There can be used a conductive polyene poly-
mer that is known as a typical example of conductive polymer
material and has been proceeding toward practical use in an
electrolytic condenser etc. Specific examples of such a con-
ductive polymer material are polyaniline, polypyrrole, poly-
thiophene, polyacetylene, polyparaphenylene, polyphe-
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nylene vinylene, polyacrylonitrile, polyoxadiazole and any
mixtures thereof. Among others, polyaniline, polypyrrole,
polythiophene and polyacetylene are preferred in terms of
electron conductivity and stable use in battery.

[0040] The conductive filler (conductive material) can be
selected from those that have electrical conductivity. It is
preferable that the conductive filler do not allow conduction
of'ions as a charge transfer medium for the purpose of limiting
ion permeation in the conductive resin layer. Specific
examples of such a conductive material are, but not limited to,
aluminum, stainless steel (SUS), carbon material such as
graphite or carbon black, silver, gold, copper and titanium.
These conductive fillers can be used solely or in combination
of'two or more kinds thereof. There can also suitably be used
alloys of these materials. Among others, silver, gold, alumi-
num, stainless steel and carbon material are preferred. Par-
ticularly preferred is carbon material. The conductive filler
(conductive material) may be in the form of a particulate
ceramic material or resin material coated with e.g. a plating of
conductive material (the above-mentioned kind of conductive
material).

[0041] The form (shape) of the conductive filler (conduc-
tive material) can be, but is not limited to, particle form. The
conductive filler may alternatively be in any form other than
particle form, such as carbon nanotube, that has been put into
practical use as a so-called conductive resin filler composi-
tion.

[0042] As the carbon particles, carbon black and graphite
can be used. The carbon particles such as carbon black and
graphite have a very large potential window to be stable to a
wide range of positive and negative potentials, show good
electrical conductivity and save weight for minimization of
weight increase. Further, the carbon particles are often also
used as a conduction aid in the electrode layer and thus, even
if brought into contact with the conduction aid, exhibit very
low contact resistance due to the use of the same carbon
material as the conductive filler and as the conduction aid. In
the case of using the carbon particles as the conductive filler,
it is feasible to subject the carbon particles to hydrophobic
treatment so as to decrease the compatibility of the electrolyte
material to the collector and thereby make it unlikely that the
electrolyte material will penetrate into pores of the collector.
[0043] Although there is no particular limitation on the
average particle size of the conductive filler, the average
particle size of the conductive filler is preferably of the order
of'about 0.01 to 10 um. In the present specification, the term
“particle size” refers to a maximum distance L. between any
two points on the contour of a conductive filler particle. The
term “average particle size” refers to an average of the particle
sizes of conductive filler particles observed in several to sev-
eral ten fields by observation means such as scanning electron
microscope (SEM) or transmission electron microscope
(TEM). The same definitions apply to the particle size and
average particle size of the active materials as will be men-
tioned later.

[0044] In the case where the conductive filler is added into
the resin layer, the resin composition of the resin layer may
contain a nonconductive polymer material in addition to the
conductive filler. The use of such a polymer material in the
resin layer enhances binding of the conductive filler for
improvement in battery reliability. The nonconductive poly-
mer material can be selected from those having the ability to
withstand positive and negative electrode potentials to be
applied.
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[0045] Examples of the nonconductive polymer material
are polyethylene (PE), polypropylene (PP), polyethylene
terephthalate (PET), polyether nitrile (PEN), polyimide (PI),
polyamide (PA), polytetrafiuoroethylene (PTFE), styrene-
butadiene rubber (SBR), polyacrylonitrile (PAN), polym-
ethylacrylate (PMA), polymethylmethacrylate (PMMA),
polyvinyl chloride (PVC), polyvinylidene fluoride (PVdF),
epoxy resin and any mixtures thereof. These nonconductive
polymer materials have a very large potential window to be
stable to either of positive and negative potentials and save
weight for improvement in battery output density.

[0046] There is no particular limitation on the amount of
the conductive filler in the resin layer. The amount of the
conductive filler is preferably 1 to 30 mass % based on the
total amount of the polymer material and the conductive filler.
The addition of such a sufficient amount of conductive filler
makes it possible to impart sufficient conductivity to the resin
layer.

[0047] Theresinlayer may contain any additive component
other than the conductive filler and the resin, but are prefer-
ably made of the conductive filler and the resin.

[0048] The resinlayer can be formed by any known process
such as spraying or coating process. More specifically, it is
feasible to form the resin layer by preparing a slurry contain-
ing the polymer material and applying and curing the pre-
pared slurry. As the polymer material for preparation of the
slurry has been exemplified above, explanations of the poly-
mer material will be omitted herefrom. The conductive filler
may additionally be contained in the slurry. Explanations of
the conductive filler will also be omitted herefrom as the
conductive filler has been exemplified above. The conductive
filler may be contained as the other component in the slurry.
Explanations of the conductive filler particles will also be
omitted herefrom as the conductive filler particles have been
exemplified above. Alternatively, it is feasible to form the
resin layer by mixing the polymer material, the conductive
filler particles and the other additive component together by
known mixing process and shaping the resulting mixture into
a film. The resin layer may alternatively be formed by ink-jet
process as disclosed in e.g. Japanese Laid-Open Patent Pub-
lication No. 2006-190649.

[0049] There is no particular limitation on the thickness of
the collector. It is desirable that the thickness of the collector
is as small as possible for improvement in battery output
density. In the bipolar battery, the thickness of the resin col-
lector can be decreased as there would be no problem even
when the electrical resistance of the resin collector between
the positive and negative electrode active material layers is
high in a direction horizontal to a lamination direction. More
specifically, the thickness of the collector is preferably 0.1 to
150 um, more preferably 10 to 100 pm.

[0050] In the case of a bipolar battery with a conventional
metal collector, the bipolar battery allows a flow of electric
current through the metal collector in an in-plane direction
thereof so as to, even if the battery structural part (e.g. sepa-
rator) have variations in electrical resistance in an in-plane
direction, avoid a current flow through a high electrical resis-
tance area of the battery structural part and thereby not to
cause local heat generation in the battery structural part. In the
case of a bipolar battery with a resin collector, on the other
hand, the bipolar battery causes local heat generation by a
continuous current flow through a high electrical resistance
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area of the battery structural part as the resin collector has
higher electrical resistance in an in-plane direction than the
metal collector.

[0051] In order to suppress such local heat generation for
improvement in battery durability, collector 11 is formed in
such a manner as to, when at least part of the conductive resin
layer reaches a predetermined temperature, interrupts a flow
of electric current through the at least part of the conductive
resin layer in a vertical direction thereof.

[0052] More specifically, it is one preferred embodiment to
form a plurality of pores in collector 11 in such a manner that
some part of collector 11 (at least part of the conductive resin
layer) contracts to disconnect active material layer 13, 15
from collector 11 when it reaches the predetermined tempera-
ture by local heat generation.

[0053] FIG. 2 is a schematic section view showing one
example of collector 11. In FIG. 2, collector 11 consists of
conductive resin layer 2, wherein a plurality of pores 2a are
formed in a positive-electrode-side surface of conductive
resin layer 2. When some area reaches the predetermined
temperature due to the occurrence of local heat generation in
the battery structural part, at least vertical part of collector 11
(conductive resin layer 2) in such a predetermined tempera-
ture area contracts and becomes separated from positive elec-
trode active material layer 13. In other words, collector 11 is
disconnected from positive electrode active material layer 13
so0 as to interrupt the vertical flow of electric current in the
disconnected part of collector 11. It is accordingly possible to
suppress the local heat generation and improve the long-term
reliability (durability) of bipolar battery.

[0054] FIG. 3 is a schematic section view showing another
example of collector 11. In FIG. 3, collector 11 consists of
conductive resin layer 3, wherein a plurality of pores 3a are
formed in positive- and negative-electrode-side surfaces of
conductive resin layer 3. When some area reaches the prede-
termined temperature due to the occurrence of local heat
generation in the battery structural part, both of positive- and
negative-electrode-side vertical parts of collector 11 (conduc-
tive resin layer 3) in such a predetermined temperature area
contracts so that collector 11 can be easily disconnected from
positive and negative electrode active material layers 13 and
15. It is thus easier to interrupt the vertical flow of electric
current in the disconnected part of collector 11 and possible to
suppress the local heat generation effectively and further
improve the long-term reliability (durability) of bipolar bat-
tery.

[0055] FIG. 4 is a schematic section view showing another
example of collector 11. In FIG. 4, collector 11 consists of
conductive resin layer 4, wherein a plurality of pores 4a are
formed in the whole of conductive resin layer 4 (i.e. in not
only positive- and negative-electrode-side surfaces of con-
ductive resin layer 4 but also in a center portion of conductive
resin layer 4). When some area reaches the predetermined
temperature due to the occurrence of local heat generation in
the battery structural part, both of positive- and negative-
electrode-side vertical parts of collector 11 (conductive resin
layer 4) in such a predetermined temperature area contract so
that collector 11 can be more easily disconnected from posi-
tive and negative electrode active material layers 13 and 15. It
is thus more easier to interrupt the vertical flow of electric
current in the disconnected part of collector 11 and possible to
suppress the local heat generation more effectively and fur-
ther improve the long-term reliability (durability) of bipolar
battery.
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[0056] FIG. 5 is a schematic section view showing another
example of collector 11 (as a modification of FIG. 4). In FIG.
5, collector 11 consists of conductive resin layer 5, wherein a
plurality of pores 5a are formed in the whole of conductive
resin layer 5. The size of pores 5a present in positive- and
negative-electrode-side surfaces of conductive resin layer 5 is
made larger than the size of pores 5a present in a center
portion of conductive resin layer 5. Further, the porosity of the
positive- and negative-electrode-side surfaces of conductive
resin layer 5 is made higher than the porosity of the center
portion of conductive resin layer 5. When some area reaches
the predetermined temperature due to the occurrence of local
heat generation in the battery structural part, both of positive-
and negative-electrode-side vertical parts of collector 11
(conductive resin layer 5) readily contract so that collector 11
can be still more easily disconnected from positive and nega-
tive electrode active material layers 13 and 15. It is thus still
more easier to interrupt the vertical flow of electric current in
the disconnected part of collector 11 and possible to suppress
the local heat generation still more effectively and further
improve the long-term reliability (durability) of bipolar bat-
tery.

[0057] As shown in FIGS. 4 and 5, it is preferable that the
porosity of at least one of the positive- and negative-elec-
trode-side surfaces of conductive resin layer 4, 5 of collector
11 is higher than the porosity of the center portion of conduc-
tive resin layer 4, 5. It is further preferable as shown in FIG.
5 that the size of pores 5a in at least one of the positive- and
negative-electrode-side surfaces of conductive resin layer 5 is
larger than the size of pores 5a in the center portion of con-
ductiveresin layer 5. As shown in FIGS. 2 and 3, no pores may
not however be formed in the center portion of conductive
resin layer 2, 3, i.e., the porosity of the center portion of
conductive resin layer 2, 3 can be set to 0%.

[0058] The term “resin collector center portion” herein
refers to that located within a range of 30 to 70% of the
thickness of collector 11 in the vertical direction (thickness
direction from the positive-electrode-side surface to the nega-
tive-electrode-side surface). Further, the term “pore size”
refers to that measured by scanning electron microscope
(SEM).

[0059] The porosity of the positive- or negative-electrode-
side surface of conductive resin layer 2, 3,4, 5 is preferably 5
to 80%, more preferably 10 to 60%. The porosity of the center
portion of conductive resin layer 4, 5 is preferably 0 to 70%,
more preferably 0 to 50%.

[0060] The size of pores 2a, 3a, 4a, 5a in the positive- or
negative-electrode-side surface of conductive resin layer 2, 3,
4, 5 is preferably 0.1 to 20 um, more preferably 1 to 10 pm.
Further, the size of pores 4a, 5a in the center portion of
conductive resin collector 4, 5 is preferably 0.5 to 10 nm,
more preferably 1 to 5 um.

[0061] There is no particular limitation on the process of
formation of pores 2a, 3a, 4a, 5a in conductive resin layer 2,
3,4, 5. For example, conductive resin layer 2, 3, 4, 5 can be
formed with pores 24, 3a, 4a, 5a by drawing a film of collec-
tor.

[0062] The arrangement of pores 24, 3a, 4a, Sa is not lim-
ited to the above. Any pore arrangement is possible as long as
collector 11 is capable of suppressing local heat generation by
contraction of the vertical part of conductive resin layer 2, 3,
4, 5 in the area reaching the predetermined temperature.
[0063] Alternatively, it is another preferred embodiment to
form the conductive resin layer of collector 11 using first and
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second polymers wherein the first polymer has a melting
point lower than a melting point of the second polymer so that
at least part of the first polymer melts and thereby contracts to
disconnect active material layer 13, 15 from collector 11
when it reaches the predetermined temperature, in place of
forming a plurality of pores in the conductive resin layer of
collector 11.

[0064] As the first and second polymers, there can be used
the above polymer materials. The combination of' the first and
second polymers is not particularly limited as long as the
melting point of the first polymer is lower than the melting
point of the second polymer.

[0065] For example, collector 11 can be formed with a low
melting resin layer containing the first polymer and a high
melting resin layer containing the second polymer.

[0066] FIG. 6 is a schematic section view showing one
example of collector 11. In FIG. 6, collector 11 has low
melting resin layer 6a containing the first polymer and high
melting resin layer 65 containing the second polymer. Low
melting resin layer 6a is located on a positive-electrode-side
surface of high melting resin layer 65. When some area
reaches the predetermined temperature due to the occurrence
of'local heat generation in the battery structural part, at least
vertical part of low melting resin layer 6a in such a predeter-
mined temperature area melts and contracts so that collector
11 becomes disconnected from positive electrode active
material layer 13 to interrupt the vertical flow of electric
current in the disconnected part of collector 11. It is accord-
ingly possible to suppress the local heat generation and
improve the long-term reliability (durability) of bipolar bat-
tery.

[0067] FIG.7 is a schematic section view showing another
example of collector 11. In FIG. 7, collector 11 has low
melting resin layers 7a containing the first polymer and high
melting resin layer 75 containing the second polymer. Low
melting resin layers 7a are located on positive- and negative-
electrode-side surfaces of high melting resin layer 75, respec-
tively. When some area reaches the predetermined tempera-
ture due to the occurrence of local heat generation in the
battery structural part, at least vertical parts of both positive-
and negative-electrode-side low melting resin layers 7a in
such a predetermined temperature area melt and contract so
that collector 11 becomes easily disconnected from positive
electrode active material layer 13. It is thus easier to interrupt
the vertical flow of electric current in the disconnected part of
collector 11 and possible to suppress the local heat generation
more effectively and further improve the long-term reliability
(durability) of bipolar battery.

[0068] Although the low melting resin layer containing the
first polymer is located on the positive-electrode-side surface
or both of the positive- and negative-electrode-side surfaces
of'the high melting resin layer containing the second polymer
in FIG. 6 or 7, the location of the low melting resin layer
containing the first polymer is not limited to above. The low
melting resin layer containing the first polymer can be located
on at least one of the positive- and negative-clectrode-side
surfaces of the high melting resin layer containing the second
polymer.

[0069] In the case where the low melting resin layer con-
taining the first polymer is located on the positive-electrode-
side surface of the high melting resin layer containing the
second polymer, the thickness of the low melting resin layer
containing the first polymer is preferably twice or more larger
than the average particle size of the positive electrode active
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material. On the other hand, the thickness of the low melting
resin layer containing the first polymer is preferably twice or
more larger than the average particle size of the negative
electrode active material in the case where the low melting
resin layer containing the first polymer is located on the
negative-electrode-side surface of the high melting resin
layer containing the second polymer. The reason for this is as
follows. There are some active material particles partially
embedded in the low melting resin layer containing the first
polymer. If the thickness of the low melting resin layer con-
taining the first polymer is smaller than the above thickness
range, these some active material particles may be embedded
through the low melting resin layer containing the first poly-
mer and come into contact with the high melting resin layer
containing the second polymer. As long as the active material
particles are in contact with the high melting resin layer
containing the second polymer, the collector cannot be dis-
connected from the active material layer even when the low
melting resin layer containing the first polymer melts. It is
thus preferable that the thickness of the low melting resin
layer containing the first polymer is in the above thickness
range in order to prevent contact between the active material
and the high melting resin layer containing the second poly-
mer.

[0070] There is no particular limitation on the process of
formation of'the resin collector with the low and high melting
resin layers containing the first and second polymers. For
example, the resin collector can be formed by bonding a film
containing the first polymer and a film containing the second
polymer together by any bonding process such as rolling or
thermal fusion bonding.

[0071] Alternatively, collector 11 can be formed with a
high melting layer containing the second polymer in which
low melting particles containing the first polymer are dis-
persed.

[0072] FIG. 8 is a schematic section view showing one
example of collector 11. In FIG. 8, collector 11 has high
melting layer 86 containing the second polymer and low
melting particles 8a containing the first polymer and located
inside of high melting layer 85. When some area reaches the
predetermined temperature due to the occurrence of local
heat generation in the battery structural part, low melting
particles 8a containing the first polymer melt and contract so
that collector 11 (high melting layer 85 containing the second
polymer) becomes disconnected from positive and negative
electrode active material layers 13 and 15 to interrupt the
vertical flow of electrical current in such disconnected part. It
is accordingly possible to suppress the local heat generation
and improve the long-term reliability (durability) of bipolar
battery. In this example, it is feasible to form collector 11 by
mixing the first and second polymers together and shaping the
resulting mixture into a film. In the case where at least one of
the first and second polymers do not show electrical conduc-
tivity, the conductive filler may be mixed together with the
first and second polymers.

[0073] FIG. 9 is a schematic section view showing another
example of collector 11. In FIG. 9, collector 11 has high
melting layer 96 containing the second polymer and low
melting particles 9a containing the first polymer and located
inside and in a positive-electrode-side surface of high melting
layer 95. Low melting particles 9a containing the first poly-
mer may be provided adjacent to a negative-electrode-side
surface of high melting layer 95 or in both of the positive- and
negative-electrode surfaces of high melting layer 95. When
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some area reaches the predetermined temperature due to the
occurrence of local heat generation in the battery structural
part, low melting particles 9a containing the first polymer
readily melt and contract so that collector 11 (high melting
layer 96 containing the second polymer) becomes discon-
nected from positive and negative electrode active material
layers 13 and 15 assuredly. It is thus possible to further
improve the long-term reliability (durability) of bipolar bat-
tery. In this example, it is feasible to form collector 11 by
mixing the first and second polymers together, shaping the
resulting mixture into a film and bonding another film con-
taining the second polymer to either positive- or negative-
electrode side of the film by rolling, thermal fusion bonding
etc. In the case where at least one of the first and second
polymers do not show electrical conductivity, the conductive
filler may be mixed together with the first and second poly-
mers.

[0074] FIG.10is aschematic section view showing another
example of collector 11. In FIG. 10, collector 11 has high
melting layer 105 containing the second polymer and low
melting particles 10a containing the first polymer and located
inside of high melting layer 105, wherein a plurality of pores
10¢ are further formed in high melting layer 105 containing
the second polymer. When some area reaches the predeter-
mined temperature due to the occurrence of local heat gen-
eration in the battery structural part, low melting particles 10a
containing the first polymer melt and flow into pores 10C of
high melting layer 105 containing the second polymer so that
collector 11 (high melting layer 105 containing the second
polymer) more readily contract and becomes disconnected
from positive and negative electrode active material layers 13
and 15 more assuredly. It is thus possible to further improve
the long-term reliability (durability) of bipolar battery. In this
example, it is feasible to form collector 11 by mixing the first
and second polymers together, shaping the resulting mixture
into a film, and then, drawing the film. In the case where at
least one of the first and second polymers do not show elec-
trical conductivity, the conductive filler may be mixed
together with the first and second polymers.

[0075] (Active Material Layer)

[0076] Positive electrode active material layer 13 contains a
positive electrode active material. Specific examples of the
positive electrode active material are: lithium-transition
metal composite oxides such as LiMn,0,, LiCoO,, Li(Ni—
Co—Mn)O, and those obtained by replacing parts of transi-
tion metal elements of the lithium-transition metal composite
oxides with other elements; lithium-transition metal phos-
phate compounds; and lithium-transition metal sulfate com-
pounds. In some cases, two or more kinds of positive elec-
trode active materials may be used in combination. Among
others, lithium-transition metal composite oxides are pre-
ferred as the positive electrode active material in term of
capacity and output characteristics. It is needless to say that
there can be used any positive electrode active material other
than the above.

[0077] Negative electrode active material layer 15 contains
anegative electrode active material. Specific examples of the
negative electrode active material are: carbon materials such
as graphite, soft carbon and hard carbon; and lithium-transi-
tion metal composite oxides (such as Li, Ti;O, ,); metal mate-
rials; lithium alloy based negative electrode materials. In
some cases, two or more kinds of negative electrode active
materials may be used in combination. Among others, carbon
materials and lithium-transition metal composite oxides are
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preferred as the negative electrode active material in term of
capacity and output characteristics. It is needless to say that
there can be used any negative electrode active material other
than the above.

[0078] There is no particular limitation on the average par-
ticle size of the active material in each of active material
layers 13 and 15. The average particle size of the active
material is preferably 1 to 20 um for improvement in output
characteristics.

[0079] Further, each of active material layers 13 and 15
contains a binder.

[0080] There is no particular limitation on the binder used
in active material layer 13, 15. Examples of the binder are:
thermosplastic polymers such as polyethylene, polypropy-
lene, polyethylene terephthalate (PET), polyether nitrile
(PEN), polyacrylonitrile, polyimide, polyamide, cellulose,
carboxymethyl cellulose (CMC), ethylene-vinyl acetate
copolymer, polyvinyl chloride, styrene-butadiene rubber
(SBR), isoprene rubber, butadiene rubber, ethylene-propy-
lene rubber, ethylene-propylene-diene copolymer, styrene-
butadiene-styrene block copolymer and hydrogenated prod-
uct thereof, styrene-isoprene-styrene block copolymer and
hydrogenated product thereof; fluoropolymers such as poly-
vinylidene fluoride (PVdF), polytetrafiuoroethylene (PTFE),
tetrafluoroethylene-hexafluoropropylene copolymer (FEP),
tetrafluoroethylene-perfluoroalkylvinylether copolymer
(PFA), ethylene-tetrafluoroethylene copolymer (ETFE),
polychlorotriffuoroethylene (PCTFE), ethylene-chlorotrif-
Iuoroethylene copolymer (ECTFE) and polyvinyl fluoride
(PVF); vinylidene fluoride-based fluororubbers such as
vinylidene fluoride-hexafluoropropylene rubber (VDF-HFP
rubber), vinylidene fluoride-hexafluoroproylene-tetratiuoro-
ethylene rubber (VDF-HFP-TFE rubber), vinylidene fluo-
ride-pentafluoropropylene rubber (VDF-PFP  rubber),
vinylidene fluoride-pentafluoropropylene-tetrafluoroethyl-
ene rubber (VDF-PFP-TFE rubber), vinylidene fluoride-per-
fluoromethylvinylether-tetrafluoroethylene rubber (VDF-
PFMVE-TFE  rubber) and  vinylidene  fluoride-
chlorotrifluoroethylene rubber (VDF-CTF rubber); and
epoxy resins. Among others, preferred are polyvinylidene
fluoride, polyimide, styrene-butadiene rubber, car-
boxymethoxy cellulose, polypropylene, polytetrafluoroeth-
ylene, polyacrylonitrile and polyimide. These preferred bind-
ers are suitable for use in the active material layer as they
show high heat resistance and have a very large potential
window to be stable to either of positive and negative elec-
trode potentials. The above binders can be used solely or in
combination of two or more thereof.

[0081] There is also no particular limitation on the amount
of the binder in active material layer 13, 15 as long as it is
enough to bind the active material. The amount of the binder
in active material layer 13, 15 is preferably 0.5 to 15 mass %,
more preferably 1 to 10 mass %.

[0082] Each ofactive material layers 13 and 15 may contain
an additive such as a conduction aid, an electrolytic salt
(lithium salt), an ion-conductive polymer etc. as needed.
[0083] The conduction aid is an additive to improve the
conductivity of active material layer 13, 15. Examples of the
conduction aid are: carbon materials such as carbon black e.g.
acetylene black, graphite and vapor grown carbon fiber. The
conduction aid, when added to active material layer 13, 15,
forms an electron network effectively within the inside of
active material layer 13, 15 for improvement in battery output
characteristics.
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[0084] Examples of the electrolytic salt (lithium salt) are
Li(C,FsS0O,),N, LiPF,, LiBF,, LiClO, LiAsFs and
LiCF;S80;.

[0085] Examples of the ion-conductive polymer are poly-
ethylene (PEO)- and polypropylene (PPO)-based polymers.
[0086] The component ratio of active material layer 13, 15
is not particularly limited and is adjusted as appropriate in the
light of any knowledge about nonaqueous solvent secondary
batteries. The thickness of active material layer 13, 15 is not
also particularly limited and is adjusted in the light of any
knowledge about batteries. For example, the thickness of
active material layer 13, 15 can be set to about 20 to 100 pm.
[0087] (Electrolyte Layer)

[0088] There can be used a liquid electrolyte or a polymer
electrolyte as the electrolyte material of electrolyte layer 17.
[0089] The liquid electrolyte is one in which a lithium salt
as a support salt is dissolved in an organic solvent as a plas-
ticizer. Examples of the organic solvent usable as the plasti-
cizer are carbonates such as ethylene carbonate (EC) and
propylene carbonate (PC). Examples of the support salt
(lithium salt) are the same compounds as those usable in the
electrode active material layer, such as LiBETT.

[0090] The polymer electrolyte can be classified into a gel
electrolyte containing an electrolyte solution and an intrinsic
polymer electrolyte containing no electrolyte solution.
[0091] The gel electrolyte is one in which the above liquid
electrolyte is impregnated into an ion-conductive matrix
polymer. Examples of the ion-conductive matrix polymer are
polyethylene oxide (PEO), polypropylene oxide (PPO) and
copolymers thereof. In these polyalkylene oxide-based poly-
mers, the electrolytic salt such as lithium salt can be dissolved
well.

[0092] The intrinsic polymer electrolyte is one in which the
support salt (lithium salt) is dissolved in the above matrix
polymer, without containing an organic solvent as a plasti-
cizer. The formation of the electrolyte layer of such an intrin-
sic polymer electrolyte makes it is possible to obtain improve-
ment in battery reliability with no fear of solution leakage
from the battery.

[0093] The matrix polymer of the gel polymer electrolyte
or intrinsic polymer electrolyte can provide good mechanical
strength by formation of a cross-linking structure. In order to
form such a cross-linking structure, it is feasible to subject a
polymerizable material (such as PEO or PPO) for formation
of the polymer electrolyte to any polymerization reaction
such as thermal polymerization, ultraviolet polymerization,
radiation induced polymerization or electron-beam induced
polymerization with the use of any appropriate polymeriza-
tion initiator.

[0094] In the case where the electrolyte layer is of liquid
electrolyte, the separator is used to retain therein the electro-
lyte material. The polymer gel electrolyte and the intrinsic
polymer electrolyte can be used solely or in the form of being
impregnated in the separator. Examples of the separator are
porous films of polyolefins such as polyethylene and polypro-
pylene.

[0095] (Outermost Collector)

[0096] As the material of outermost collector 11a, 115,
there can be used metal and conductive polymer materials. In
terms of ease of current output, metal material is preferably
used. Examples of the metal material are metals aluminum,
nickel, iron, stainless steel, titanium and copper. There can
also suitably used a nickel-aluminum clad material, a copper-
aluminum clad material and a plating material of any combi-
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nation of the above metals. The outermost collector material
may be in the form of an aluminum foil on metal surface.
Among others, aluminum and copper are particularly pre-
ferred in terms of electron conductivity and battery operation
potential.

[0097] (Seal Member)

[0098] Seal members 31 are provided to prevent a liquid
junction due to electrolytic solution leakage from electrolyte
layers 17, contact between adjacent collectors 11 in battery 10
and short circuit due to slight variations between ends of unit
cells 19 in battery element 21.

[0099] Seal members 31 can be of any material having
insulation property, sealing ability against falling of the solid
electrolyte material, sealing ability (hermeticity) against
moisture permeation from the outside as well as heat resis-
tance under battery operation temperature conditions.
Examples of such a material are urethane resin, epoxy resin,
polyethylene resin, polypropylene resin, polyimide resin and
rubber material. Among others, polyethylene resin and
polypropylene resin are preferred as the material of seal mem-
bers 31 in terms of corrosion resistance, chemical resistance,
ease of formation (film formation property), cost efficiency
and the like.

[0100]

[0101] Inthe present embodiment, laminate film 29 is suit-
ably used as the battery package because of its high output
and cooling characteristics and applicability to large-equip-
ment batteries such as EV and HEV batteries. Examples of
laminate film 29 are aluminum laminate films such as a three-
layer laminate film in which a polypropylene layer, an alumi-
num layer and a nylon layer are laminated in this order.
Laminate film 29 is formed into e.g. a bag-shaped case so as
to cover battery element 21. The form of laminate film 29 is
not however limited to the above. As the battery package,
there can alternatively be used a known metal can.

[0102] FIG. 11 is a perspective view showing the appear-
ance of bipolar lithium-ion secondary battery 10. As shown in
FIG. 11, lithium-ion secondary battery 10 has a rectangular
flat shape. Heat generating element (battery element) 21 is
enclosed and sealed in battery package 29 by thermal fusion
of an outer peripheral portion of battery package 29.

[0103] Lithium-ion battery 10 is not limited to the above
laminated flat shape and can alternatively be of winding
cylindrical shape or rectangular flat shape formed by defor-
mation of such cylindrical shape. In the case of the cylindrical
battery structure, the package material is not particularly lim-
ited and can be a laminate film or a conventional cylindrical
can (metal can). Preferably, the heat generating element (bat-
tery element) is packaged in the aluminum laminate film for
reduction of weight in the present embodiment.

[0104] As shown in FIG. 11, positive and negative elec-
trode tabs 58 and 59 may be used to take out electric current
to the outside of lithium-ion secondary battery 10. These tabs
58 and 59 are electrically connected to outermost collectors
11a and 115 or collector plates 25 and 27 and led out of the
battery package of laminate film 29 from both lateral sides.
There is however no particular limitation on the lead-out of
tabs 58 and 59. Positive and negative electrode tabs 58 and 59
can alternatively be led out from the same side, or can be
divided into plural parts and led out from the respective sides.
In the case of the winding battery structure, terminals may be
formed using e.g. the cylindrical can (metal can) in place of
the tabs.

(Battery Package)
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[0105] There is no particular limitation on the materials of
tabs 58 and 59. There can be used any known high-conductive
material for lithium-ion secondary battery tabs. Suitable
examples of the tab material are metal materials such as
aluminum, copper, titanium, nickel, stainless steel (SUS) and
alloys thereof. Among others, aluminum and copper are pre-
ferred in terms of lightweight, corrosion resistance and high
conductivity. Positive and negative electrode tabs 58 and 59
can of the same kind of material or of different kinds of
materials.

[0106] Positive and negative electrode terminal leads can
also be used as needed. Any known materials for lithium-ion
secondary battery terminal leads can be used as materials of
the positive and negative electrode terminal leads. It is desir-
able to cover any parts led out of battery package 29 with e.g.
heat-resistant, heat-shrinkable insulating tubes so as not to
cause ground faultupon contact with peripheral equipment or
wiring and thereby not to affect the performance of the prod-
uct (automotive part, notably electronic equipment).

[0107] Herein, bipolar battery 10 can be manufactured by
any known manufacturing method.

[0108] [Battery Assembly]

[0109] A battery assembly is manufactured using at least
two or more bipolar batteries 10 in the present embodiment.
The capacity and voltage of the battery assembly is adjusted
freely by serial or parallel connection of bipolar batteries 10.
[0110] FIGS.12,13 and 14 are a plan view, a front view and
a side view showing the appearance of one example of battery
assembly. As shown in FIGS. 12, 13 and 14, battery assembly
300 has a plurality of attachable/detachable small-size battery
modules 250 electrically connected in series or in parallel.
Each of battery modules 250 has a plurality of bipolar sec-
ondary batteries 10 electrically connected in series or in par-
allel. With such a configuration, battery assembly 300 can
attain high capacity and good output characteristics suitable
for use as a vehicle-driving power source or auxiliary power
source where high volume energy density and high volume
output density are required. Herein, battery modules 250 are
electrically connected to each other via electrical connection
means such as busbars and laminated in layers with the use of
connection jig 310. The number of bipolar secondary batter-
ies 10 in battery module 250 and the number of battery mod-
ules 250 in battery assembly 300 are determined depending
on the battery capacity and output characteristics required of
a vehicle (electric vehicle) on which battery assembly 300 is
mounted.

[0111] [Vehicle]

[0112] Bipolar secondary battery 10 or the battery assem-
bly in which a plurality of bipolar secondary batteries 10 are
combined is suitable for use in a vehicle. In the present
embodiment, bipolar secondary battery 10 has good long-
term reliability and output characteristics and long life and
thus can be mounted on a plug-in hybrid electric vehicle that
features a long EV driving distance or an electric vehicle that
features a long driving distance on a single charge. In other
words, bipolar secondary battery 10 or the battery assembly
in which a plurality of bipolar secondary batteries 10 are
combined can suitably be used as a power source of the
vehicle. Examples of the vehicle are automotive vehicles such
as hybrid electric vehicles, electric vehicles and fuel-cell
vehicles. These automotive vehicles refer to not only four-
wheel vehicles (passenger cars, commercial cars e.g. trucks
and buses, light cars etc.) but also two-wheel vehicles (motor-
bikes etc.) and three-wheel vehicles. The application of bipo-
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lar secondary battery 10 or the battery assembly in which a
plurality of bipolar secondary batteries 10 are combined is not
limited to the above automotive vehicles. Bipolar secondary
battery 10 or the battery assembly in which a plurality of
bipolar secondary batteries 10 are combined can be applied as
power sources for any other vehicles e.g. transportation
means such as trains and as mountable/installable power sup-
plies such as uninterruptible power supplies.

EXAMPLES

[0113] The present invention will be described in more
detail below by way of the following examples. In the follow-
ing examples, the porosity was measured with a mercury
porosimeter (manufactured by Micromeritics Instrument
Corporation, product number: AutoPore 1V9510); and the
pore size was determined by observation with a SEM (manu-
factured by Hitachi Ltd., S-4000).

Example 1

[0114] A bipolar secondary battery was manufactured in
the following process steps.

[0115] 1. Production of Collector

[0116] A conductiveresin slurry was prepared by providing
a single-liquid uncured epoxy resin (95 mass %) as a noncon-
ductive polymer material (resin) and carbon black (average
particle size: 0.1 pm) (5 mass %) as a conductive filler and
kneading the thus-provided solid matter at 50° C. Further, a
release film of poly(ethylene terephthalate) (PET) was pro-
vided. The conductive resin slurry was applied to and dried on
the film, thereby forming a resin layer in which the carbon
particles were dispersed in the epoxy resin. The thus-formed
resin layer was subjected to drawing with a drawing machine.
By this, an electrically-conductive, carbon black-dispersed
epoxy resin film (hereinafter also referred to as film A) having
aporosity of 30%, a pore size of 3 mm and a thickness of 100
um was obtained as a collector.

[0117] 2. Formation of Positive and Negative Electrode
Layers
[0118] Solid matter was provided including 95 mass % of

LiMn,O, (average particle size: 10 pm) as a positive elec-
trode active material, 5 mass % of acetylene black as a con-
duction aid, 10 mass % of PVdF as a binder. A positive
electrode material slurry was prepared by adding an appro-
priate amount of N-methyl-2-pyrrolidone (NMP) to the solid
matter. A positive electrode layer was formed on one side of
the collector produced in the above section 1 by applying
thereto and drying the positive electrode active material paste.
The positive electrode layer was then pressed to a thickness of
36 um.

[0119] A negative electrode material slurry was prepared
by mixing 90 mass % ofhard carbon (average particle size: 10
um) as a negative electrode active material and 10 mass % of
PVdF as a binder with an appropriate amount of NMP as a
slurry viscosity adjusting solvent. A negative electrode layer
was formed on the other side of the collector produced in the
above section 1 by applying thereto and drying the negative
electrode active material paste. The negative electrode layer
was then pressed to a thickness of 30 um. There was thus
obtained a bipolar electrode having the positive electrode
layer formed at one side thereof and the negative electrode
layer formed at the other side thereof.

[0120] The thus-obtained bipolar electrode was cut into a
size of a size of 14090 mm, with no active material layers
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applied to a width of 10 mm around an outer peripheral
portion of the electrode material. Namely, the bipolar elec-
trode was provided with an electrode portion of 120x90 mm
in size and an outer peripheral seal portion of 10 mm in width
as a seal margin.

[0121] An electrolyte material (pre-gel material) was pre-
pared by mixing 90 mass % of an electrolytic solution of 1.0
M LiPF, in propylene carbonate (PC)-ethylene carbonate
(EC) solvent (1:1 (volume ratio)), 10 mass % of a polyvi-
nylidene fluoride-hexafluoropropylene copolymer (PVdF-
HFP) containing 10 mass % HFP component and DMC as a
slurry viscosity adjusting solvent.

[0122] The electrolyte material (pre-gel material) was
applied to the whole of the positive and negative electrode
layers of both sides of the electrode portion of the bipolar
electrode, followed by drying at room temperature to remove
the DMC solvent therefrom. The bipolar electrode was thus
completed with the gel electrolyte material impregnated in
the electrode layers. The thickness of the positive electrode
layer and the thickness of the negative electrode layer
remained 36 um and 30 um, respectively.

[0123]

[0124] The above-prepared electrolyte material (pre-gel
material) was also applied to both sides of a porous film
separator of polypropylene (thickness: 20 um), followed by
drying at room temperature to remove the DMC solvent
therefrom and thereby form a gel polymer electrolyte layer
(thickness: 20 um).

[0125]

[0126] The gel electrolyte layer was placed on the positive
electrode layer of the bipolar electrode. A PE (polyethylene)
film of 12 mm in width and 100 pm in thickness was placed as
a seal material around the gel electrode layer on the bipolar
electrode. The above procedure was repeated to laminate the
bipolar electrodes together in six layers. The seal materials
were subjected to pressing (heat and pressure) from both top
and bottom sides and thereby fused (press conditions: 0.2
MPa, 160° C., 5 s) to form seal members to seal the respective
layers.

[0127] Electrode collector plates (electrical terminals)
were prepared for the resulting battery element, each of which
had an Al plate (as an electrode collector plate) of 100 M in
thickness and 130 mmx80 mm in size so as to cover the whole
of a horizontal surface of the battery element, with a portion
thereof (as an electrode tab, width: 20 mm) extending to the
outside of the horizontal surface of the battery element. The
battery element was sandwiched between these electrode col-
lector plates, and then, enclosed and vacuum-sealed in a
battery package of aluminum laminate film. By this, the
whole of the battery element was pressurized from both sides
by the force of atmospheric pressure. As a result, there was
obtained a five-serial-cell bipolar secondary battery structure
(in which five unit cells were connected in series) with
increased contact of the battery element and the electrode
collector plates.

[0128] 5. Press of Bipolar Secondary Battery Structure
[0129] The above-obtained bipolar secondary battery
structure was subjected to hot pressing at a surface pressure of
1 kg/cm? and at a temperature of 80° C. for 1 hour, so as to
cure the uncured seal portion (epoxy resin) of the bipolar
battery structure. In this way, the bipolar secondary battery

3. Preparation of Gel Polymer Electrolyte Layer

4. Lamination
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was completed. The seal portion was pressed to a given thick-
ness and cured in this process step.

Example 2

[0130] Two sheets of electrically-conductive, carbon
black-dispersed epoxy resin film having a porosity of45%, a
pore size of 3 um and a thickness of 100 um (hereinafter also
referred to as “Film B”’) and one sheet of electrically-conduc-
tive, carbon black-dispersed epoxy resin film having a poros-
ity of 0% and a thickness of 100 um (hereinafter also referred
to as “Film C”) were formed in the same manner as in
Example 1, except for changing the drawing conditions in the
process step 1. The thus-formed conductive resin films were
laminated together in order of Film B, Film C and Film B and
subjected to drawing, thereby producing a collector having a
laminated structure of three conductive resin layers. A bipolar
secondary battery was manufactured in the same manner as in
Example 1, except that the bipolar electrodes were each pro-
duced using the above-obtained collector.

Example 3

[0131] Collectors each having a laminated structure of two
conductive resin layers were produced by forming one sheet
of Film B and one sheet of Film C, laminating the films
together and subjecting the film laminate to drawing in the
same manner as in Example 2. A bipolar secondary battery
was manufactured in the same manner as in Example 1,
except that the bipolar electrodes were each produced by
applying and drying the positive electrode material slurry
onto Film-B-side surfaces of the respective collectors and
pressing the resulting positive electrode layers to a thickness
of 36 um while applying and drying the negative electrode
material slurry onto Film-C-side surfaces of the respective
collectors and pressing the resulting negative electrode layer
to a thickness of 30 um.

Example 4

[0132] One sheet of Film B and one sheet of Film C were
formed, laminated together and subjected to drawing in the
same manner as in Example 2, thereby producing a collector
having a laminated structure of two conductive resin layers. A
bipolar secondary battery was manufactured in the same man-
ner as in Example 1, except that the bipolar electrodes were
each produced by applying and drying the positive electrode
material slurry onto Film-C-side surfaces of the respective
collectors and pressing the resulting positive electrode layers
to a thickness of 36 um while applying and drying the nega-
tive electrode material slurry onto Film-B-side surfaces of the
respective collectors and pressing the resulting negative elec-
trode layer to a thickness of 30 um.

Example 5

[0133] Two sheets of electrically-conductive, carbon
black-dispersed epoxy resin film having a porosity of 40%, a
pore size of 3 um and a thickness of 100 um (hereinafter also
referred to as “Film D) and one sheet of electrically-conduc-
tive, carbon black-dispersed epoxy resin film having a poros-
ity of 20%, a pore size of 3 um and a thickness of 100 um
(hereinafter also referred to as “Film E”) were formed in the
same manner as in Example 1, except for changing the draw-
ing conditions in the process step 1. The thus-formed resin
films were laminated together in order of Film D, Film E and
Film D and subjected to drawing, thereby producing a col-



US 2011/0305948 Al

lector having a laminated structure of three conductive resin
layers. A bipolar secondary battery was manufactured in the
same manner as in Example 1, except that the bipolar elec-
trodes were each produced using the above-obtained collec-
tor.

Example 6

[0134] Two sheets of electrically-conductive, carbon
black-dispersed epoxy resin film having a porosity of 40%, a
pore size of 5 um and a thickness of 100 um (hereinafter also
referred to as “Film F”) were formed in the same manner as in
Example 1, except for changing the drawing conditions in the
process step 1. Further, one sheet of Film E was formed in the
same manner as in Example 5. The thus-formed resin films
were laminated together in order of Film F, Film E and Film
F and subjected to drawing, thereby producing a collector
having a laminated structure of three conductive resin layers.
A bipolar secondary battery was manufactured in the same
manner as in Example 1, except that the bipolar electrodes
were each produced using the above-obtained collector.

Comparative Example

[0135] A bipolar secondary battery was produced in the
same manner as in Example 1, except for performing no
drawing with a drawing machine in the process step 1.
Namely, each of the collectors used was a carbon black-
dispersed epoxy resin film with no pores (hereinafter also
referred to as “Film G”).

[0136] The configurations of the collectors of Examples
1-6 and Comparative Example are indicated in TABLE 1.

TABLE 1

Collector: porosity (%) Pore size (um)

Positive Negative Positive Negative
elec- elec- elec- elec-
trode  Center trode trode  Center trode
side  portion side side  portion side

Example 1 30 30 30 3 3 3
Example 2 45 0 45 3 0 3
Example 3 45 0 0 3 0 0
Example 4 0 0 45 0 0 3
Example 5 40 20 40 3 3 3
Example 6 40 20 40 5 3 5
Compara- 0 0 0 0 0 0
tive
Example

Example 7
[0137] Two sheets of electrically-conductive, carbon

black-dispersed polyethylene film of 100 um in thickness
(hereinafter also referred to as film H) by dispersing polyeth-
ylene particles and carbon black in an organic solvent, blend-
ing the dispersed mixture with a kneader, forming the
kneaded slurry into a sheet, drying the sheet to remove the
organic solvent, and then, drawing the sheet into a film shape
with a drawing machine. Further, one sheet of carbon black-
dispersed epoxy film (Film G) was formed in the same man-
ner as in Comparative Example. The thus-formed resin films
were laminated together in order of Film H, Film G and Film
H and subjected to drawing, thereby producing a collector
having a laminated structure of three conductive resin layers.
A bipolar secondary battery was manufactured in the same
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manner as in Example 1, except that the bipolar electrodes
were each produced using the above-obtained collector.

Example 8

[0138] One sheet of Film G and one sheet of Film H were
formed, laminated together and subjected to drawing in the
same manner as above, thereby producing a collector having
alaminated structure of two conductive resin layers. A bipolar
secondary battery was manufactured in the same manner as in
Example 1, except that the bipolar electrodes were each pro-
duced by applying and drying the positive electrode material
slurry onto Film-H-side surfaces of the respective collectors
and pressing the resulting positive electrode layers to a thick-
ness of 36 um while applying and drying the negative elec-
trode material slurry onto Film-G-side surfaces of the respec-
tive collectors and pressing the resulting negative electrode
layer to a thickness of 30 um.

Example 9

[0139] One sheet of Film G and one sheet of Film H were
formed, laminated together and subjected to drawing in the
same manner as above, thereby producing a collector having
alaminated structure of two conductive resin layers. A bipolar
secondary battery was manufactured in the same manner as in
Example 1, except that the bipolar electrodes were each pro-
duced by applying and drying the positive electrode material
slurry onto Film-G-side surfaces of the respective collectors
and pressing the resulting positive electrode layers to a thick-
ness of 36 um while applying and drying the negative elec-
trode material slurry onto Film-H-side surfaces of the respec-
tive collectors and pressing the resulting negative electrode
layer to a thickness of 30 um.

[0140] The configurations of the collectors of Examples
7-9 are indicated in TABLE 2.

TABLE 2

Collector material

Positive Negative
electrode Center electrode
side portion side
Example 7 polyethylene epoxy polyethylene
Example 8 polyethylene epoxy epoxy
Example 9 epoxy epoxy polyethylene
Example 10
[0141] A carbon black-dispersed epoxy resin film of 100

um in thickness having dispersed therein carbon black-dis-
persed polyethylene particles (hereinafter also referred to as
“Film I”’) was formed by blending an epoxy resin and poly-
ethylene particles together with a kneader, forming the blend
into a sheet and drawing the sheet into a film shape with a
drawing machine. A bipolar secondary battery was manufac-
tured in the same manner as in Example 1, except that the
bipolar electrodes were each produced using Film I as the
collector. The mixing ratio of the carbon black-dispersed
polyethylene particles and the carbon black-dispersed epoxy
resin in Film [ was 40:60 (mass ratio).

Example 11

[0142] One sheet of Film G and one sheet of Film [ were
formed, laminated together and subjected to rolling in the
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same manner as above, thereby producing a collector having
alaminated structure of two conductive resin layers. A bipolar
secondary battery was manufactured in the same manner as in
Example 1, except that the bipolar electrodes were each pro-
duced by applying and drying the positive electrode material
slurry onto Film-I-side surfaces of the respective collectors
and pressing the resulting positive electrode layers to a thick-
ness of 36 um while applying and drying the negative elec-
trode material slurry onto Film-G-side surfaces of the respec-
tive collectors and pressing the resulting negative electrode
layers to a thickness of 30 um.

Example 12

[0143] A carbon black-dispersed epoxy resin film of 100
um in thickness and 30% in porosity having dispersed therein
carbon black-dispersed polyethylene particles (hereinafter
also referred to as “Film J”) was formed by blending an epoxy
resin and polyethylene particles together with a kneader,
forming the blend into a sheet and drawing the sheet into a
film shape with a drawing machine. A bipolar secondary
battery was manufactured in the same manner as in Example
1, except that the bipolar electrodes were each produced using
Film J as the collector. The mixing ratio of the carbon black-
dispersed polyethylene particles and the carbon black-dis-
persed epoxy resin in Film J was 40:60 (mass ratio).

[0144] The configurations of the collectors of Examples
10-12 are indicated in TABLE 3.

TABLE 3
Low melting particles in collector Base
Positive Negative material
electrode Center electrode porosity
side portion side (%)
Example 10 present present present 0
Example 11 present absent absent 0
Example 12 present present present 30
[0145] Evaluation: Charge/Discharge Test

[0146] Each ofthe bipolar secondary batteries of Examples
1-12 and Comparative Example was subjected to charge/
discharge test. In one test cycle, the battery was charged to
21.0 Vat a constant current (CC) of 0.5 C and then further
charged with a constant voltage (CV). The total charge time
was 10 hours. After that, the battery was discharged at a
discharge capacity of 1 C. The durability of the battery was
tested by capacity measurements after 100 test cycles. The
test results are indicated in TABLE 4. In TABLE 4, the capac-
ity retention (%) refers to the ratio of the discharge capacity
after 100 test cycles to the initial discharge capacity; and the
capacity improvement rate relative to Comparative Example
refers to the ratio (relative value) of the capacity retention of
Example or Comparative Example assuming the capacity
retention of Comparative Example as 1.00.

Capacity retention=Discharge capacity (4%) after 100
test cycles/Initial discharge capacity (44)x100(%).

Capacity improvement rate=Capacity retention of
Example or Comparative Example/Capacity retention
of Comparative Example (%).
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TABLE 4

Capacity improvement rate
Capacity retention (%) relative to comparative example

Example 1 85 1.21
Example 2 92 1.31
Example 3 88 1.26
Example 4 87 1.24
Example 5 94 134
Example 6 95 1.36
Example 7 85 1.21
Example 8 90 1.29
Example 9 89 1.27
Example 10 88 1.26
Example 11 92 1.31
Example 12 95 1.36
Comparative 70 1.00
Example

[0147] As is apparent from the results of TABLE 4, it has

been confirmed that the bipolar secondary batteries of
Examples 1 to 12 had improved capacity retention and long-
term reliability (durability) as compared to the bipolar sec-
ondary battery of Comparative Example.

1. A bipolar battery current collector, comprising:

a conductive resin layer containing a thermoplastic resin
and formed in such a manner as to, when at least part of
the conductive resin layer reaches a predetermined tem-
perature, interrupts a flow of electric current through the
at least part of the conductive resin layer in a vertical
direction thereof.

2. The bipolar battery current collector according to claim

1, wherein the at least part of the conductive resin layer
contracts when reaching the predetermined temperature.

3. The bipolar battery current collector according to claim

1, wherein the conductive resin layer has a plurality of pores
formed therein.

4. The bipolar battery current collector according to claim

3, wherein the porosity of at least one of positive- and nega-
tive-electrode-side surfaces of the conductive resin layer is
higher than the porosity of a center portion of the conductive
resin layer.

5. The bipolar battery current collector according to claim

3, wherein the size of the pores present in at least one of
positive- and negative-electrode-side surfaces of the conduc-
tive resin layer is larger than the size of the pores present in a
center portion of the conductive resin layer.

6. The bipolar battery current collector according to claim

1, wherein the conductive resin layer contains a first polymer
and a second polymer; and wherein the first polymer has a
melting point lower than a melting point of the second poly-
mer so that at least part of the first polymer melts when the at
least part of the conductive resin layer reaches the predeter-
mined temperature.

7. The bipolar battery current collector according to claim

6, wherein the conductive resin layer comprises a low melting
layer containing the first polymer and a high melting layer
containing the second polymer.

8. The bipolar battery current collector according to claim

7, wherein the low melting layer containing the first polymer
is located on at least one surface of the high melting layer
containing the second polymer.

9. The bipolar battery current collector according to claim

6, wherein the conductive resin layer comprises a high melt-
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ing layer containing the second polymer and low melting
particles containing the first polymer and located in the high
melting layer.

10. The bipolar battery current collector according to claim
9, wherein the low melting particles containing the first poly-
mer are located in a surface of the high melting layer contain-
ing the second polymer.

11. The bipolar battery current collector according to claim
10, wherein the high melting layer containing the second
polymer has a plurality of pores formed therein.
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12. A bipolar battery comprising: the bipolar battery cur-
rent corrector according to claim 1.

13. The bipolar battery current collector according to claim
2, wherein the conductive resin layer has a plurality of pores
formed therein.

14. The bipolar battery current collector according to claim
4, wherein the size of the pores present in at least one of
positive- and negative-electrode-side surfaces of the conduc-
tive resin layer is larger than the size of the pores present in a
center portion of the conductive resin layer.
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