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LAMINATED-STRUCTURE BATTERY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a National Stage application of
International Patent Application No. PCT/JP2013/055897,
filed on Mar. 5, 2013, and claims priority to Japanese Patent
Application No. 2012-052048, filed on Mar. 8, 2012. The
international application and priority application are hereby
incorporated by reference in their entirety.

TECHNICAL FIELD

[0002] The present invention relates to a laminated-struc-
ture battery as a type of electronic device that does work to the
outside by an electrochemical action between electrons and
ions. In detail, it relates to a laminated-structure battery, such
as alaminated-type (laminated-structure) lithium ion second-
ary battery.

BACKGROUND ART

[0003] Inrecent years, to cope with air pollution and global
warming, there has been a strong demand for the reduction of
carbon dioxide. In car industry, an expectation is concentrated
on reducing carbon dioxide emission by introducing electric
vehicles (EV) and hybrid electric vehicles (HEV). There has
been an active development of motor-driving secondary bat-
teries, which hold the key to practical application thereof.
[0004] Motor-driving secondary batteries are required to
have extremely high output characteristics and high energies,
as compared with those of consumer lithium ion secondary
batteries used for cellular phones, notebook computers, etc.
Therefore, lithium ion secondary batteries, which have the
highest theoretical energies of all batteries, attract attention,
and the development is now rapidly going on.

[0005] In general, a lithium ion secondary battery has a
structure in which a cathode prepared by applying a cathode
active material and the like using a binder on both surfaces of
a cathode collector, and an anode prepared by applying an
anode active material and the like using a binder on both
surfaces of an anode collector, are connected with each other
with an interposal of an electrolyte layer, and they are
received in a battery cladding. For example, Patent Publica-
tion 1 discloses a laminated-structure lithium ion secondary
battery (laminated-structure battery) prepared by alternately
laminating 19 sheets of cathodes and 20 sheets of anodes with
an interposal of electrolyte layers.

[0006] However, charge and discharge reactions of existing
lithium ion secondary batteries of a laminated structure like
Patent Publication 1 accompany heat generation. In large-size
batteries like on-vehicle batteries in particular, there is used a
laminated-structure battery prepared by laminating a plural-
ity of single battery layers each prepared by opposing a cath-
ode and an anode to each other with an interposal of an
electrolyte layer. However, in large-size, laminated-structure
batteries like such on-vehicle batteries, there is a risk of
generating a large temperature difference between a lamina-
tion inner portion (a center portion in the direction of lami-
nation) and a lamination end portion (an end portion in the
direction of lamination) due to their large size, in contrast
with small-size batteries of a winding structure generally
used for cellular phones and mobile personal computers.
[0007] Furthermore, the present inventors have found that,
in cathode active materials having a layered rock-salt struc-
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ture like LiNiO, and Li(Ni, Co, Mn)O,, due to the tempera-
ture dependency, battery characteristics are accompanied
with a large unevenness under a heat-receiving condition
caused by heat generation. From this, in laminated-structure
batteries, particularly in large-size, on-vehicle batteries using
a cathode active material of a layered rock-salt structure, the
temperature tends to increase much more at a center portion in
the direction of lamination. On the other hand, as being closer
from a center portion in the direction of lamination to an end
portion in the direction of lamination, the temperature lowers
by heat radiation to the battery cladding and by heat radiation
from the battery cladding to the outside of the system. There-
fore, due to the temperature decrease by a heat radiation
phenomenon of an end portion in the direction of lamination
and the temperature increase by the battery temperature
dependency of a center portion in the direction of lamination,
the temperature difference between the center portion and the
end portion in the direction of lamination becomes even
larger, thereby causing an output unevenness between a
single battery layer (single cell) at the center portion (inner
side) and that at the end portion (outer side) in the direction of
lamination. A mechanism to generate such output unevenness
is considered as follows. As the temperature is higher, the
charge and discharge capacity on the cathode side increases
(see FIG. 3). With this, the capacity ratio (A/C ratio) of the
anode capacity (Li discharge) to the cathode capacity (Li
acceptance) decreases.

[0008] Herein, the ratio of the anode discharge capacity to
the cathode discharge capacity upon discharge (after dis-
charge) is referred to as discharge A/C ratio, and the ratio of
the anode charge capacity to the cathode charge capacity
upon charge (after charge) is referred to as charge A/C ratio.
These capacity ratios change depending on properties and
masses of their respective materials.

[0009] In case that the A/C ratio of the center portion
becomes less than 1 as the difference of the movement of Li
ions becomes large due to the temperature difference between
the center portion (inner side) and the end portion (outer side)
in the direction of lamination, Li precipitation occurs at an
electrode of the center portion. As a result, it has been found
that the electric currents between the electrodes of the lami-
nated single battery layers of at least three become uneven,
resulting in a risk of causing performance deterioration at an
early stage and a risk of leading to lowering of durability.
[0010] It is an object of the present invention to provide a
laminated-structure battery that is capable of suppressing
output unevenness of the single cells at a center portion and an
end portion and improving durability by making the A/C ratio
at the center portion in the direction of lamination higher than
the A/C ratio at the end portion.

PRIOR ART PUBLICATION

Patent Publication

[0011] Patent Publication 1: Japanese Patent Application
Publication 2009-272048

SUMMARY OF THE INVENTION

[0012] The laminated-structure battery of the present
invention is characterized by that, in the direction of lamina-
tion of single battery layers laminated by at least three layers,
a center portion is higher than an end portion in terms of at
least one of the ratio of the cathode charge capacity to the
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anode charge capacity (charge A/C ratio) and the ratio of the
cathode discharge capacity to the anode discharge capacity
(discharge A/C ratio). That is, it has a structure in which the
A/C ratio of a single battery layer (single cell) at the center
portion (inner side) in the direction of lamination (in the
direction of thickness of the battery) is higher than the A/C
ratio of a single battery layer (single cell) of the end portion
(outer side).

[0013] According to the present invention, the A/C ratio is
made to be higher as being closer to the center portion in the
direction of lamination of each single battery layer (single
cell) of the laminated-structure battery. Therefore, it is pos-
sible to suppress the output unevenness of the single cells of
the center portion and the end portion to improve durability
(life) of the battery even if the charge and discharge capacity
of a cathode with a low heat radiation increases. That is, the
A/C ratio is made to be higher as being closer to the center
portion in the direction of lamination. Therefore, the differ-
ence between the effective A/C ratios at the center portion and
the end portion in the direction of lamination is reduced. With
this, it is possible to obtain an even output. As a result, it is
possible to prevent the performance deterioration at an early
stage and improve durability of the battery.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG.11isaschematic sectional view showing a basic
structure of a laminated-type (flat-type) nonaqueous electro-
lyte lithium ion secondary battery as a typical embodiment of
the laminated-structure battery;

[0015] FIG. 2 is a partial sectional view of the laminated-
type (flat-type) nonaqueous electrolyte lithium ion secondary
battery of FIG. 1;

[0016] FIG. 3 is a schematic graph showing the cathode
capacity change using cathode active materials having tem-
perature dependency and a cathode active material having no
temperature dependency;

[0017] FIG.4A isaplan view showing a condition in which
an adhesive portion in the form of stripes has been formed on
the surface of the electrode. FIGS. 4B and 4C are plan views
each showing a condition in which an adhesive portion in the
form of dots has been formed on the surface of the electrode;
and

[0018] FIG. 5 is a perspective view showing an external
appearance of a flat lithium ion secondary battery as a typical
embodiment of secondary batteries.

MODE FOR IMPLEMENTING THE INVENTION

[0019] The laminated-structure battery of the present
embodiment is characterized by that, in the direction of lami-
nation of respective single battery layers in the battery, a
center portion is higher than an end portion in terms of at least
one of the ratio of the cathode charge capacity to the anode
charge capacity (charge A/C ratio) and the ratio of the cathode
discharge capacity to the anode discharge capacity (discharge
A/C ratio). By such structure, it is possible to obtain the
above-mentioned advantageous effect of the invention.
Herein, the laminated-structure battery refers to a battery that
has at least a cathode, an anode, and an electrolyte layer and
that has a laminated structure prepared by laminating at least
three layers of single battery layers each prepared by oppos-
ing the cathode and the anode to each other with an interposal
of the electrolyte layer. In the present mode for implementing
the invention, unless particularly stated, at least one of the
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ratio of the cathode charge capacity to the anode charge
capacity (charge A/C ratio) and the ratio of the cathode dis-
charge capacity to the anode discharge capacity (discharge
A/C ratio) is simply abbreviated as A/C ratio, too.

[0020] As a preferred embodiment of the laminated-struc-
ture battery, a laminated (laminated structure) nonaqueous
electrolyte lithium ion secondary battery is explained, butitis
not limited to only the following embodiment. In the expla-
nation of the drawings, the same element is designated by the
same symbol, and the repetitive explanation is omitted. The
dimensional ratios of the drawings are exaggerated for the
reason of explanation. Therefore, they may be different from
the actual ratios.

[0021] It is preferable to apply the laminated (laminated
structure) lithium ion secondary battery of the present
embodiment to large-size batteries like on-vehicle batteries in
particular. It is, however, not limited in terms of size and use
of the battery. It is applicable to laminated-structure lithium
ion secondary batteries, which are publicly known hitherto
and used for arbitrary sizes and uses.

[0022] Even in the case of making a distinction of the
laminated (laminated structure) lithium ion secondary battery
of the present embodiment with respect to the form of the
electrolyte, there is no particular limitation. It is applicable to
any of, for example, liquid electrolyte batteries prepared by
impregnating the separator with a nonaqueous electrolyte,
polymer gel electrolyte batteries, which are also referred to as
polymer batteries, and solid polymer electrolytes (all solid
electrolyte) batteries. In the present embodiment, with
respect to polymer gel electrolytes and solid polymer electro-
lytes too, it is possible to use ones prepared by impregnating
separators with these polymer gel electrolytes and solid poly-
mer electrolytes.

[0023] In the following explanation, non-bipolar (internal
parallel connection type) laminated (laminated structure)
lithium ion secondary batteries are explained by using the
drawings, but they should not be limited to these.

[0024] FIG. 1 is a schematic view showing a basic structure
ofan embodiment of a laminated-type (flat-type) nonaqueous
electrolyte lithium ion secondary battery (in the following,
also referred to simply as “a laminated-structure battery”).
FIG. 2 is a partial sectional view of the laminated-type (flat-
type) nonaqueous electrolyte lithium ion secondary battery of
FIG. 1. As shown in FIGS. 1 and 2, laminated-structure bat-
tery 10 of the present embodiment has a structure in which
generally rectangular power generation elements 21, in which
charge and discharge reactions actually progress, are sealed
up in the inside of battery cladding 29 as a cladding body.
Herein, power generation element 21 has a structure prepared
by laminating a cathode, electrolyte layer 17, and an anode.
The cathode has a structure in which cathode active material
layers 13 have been arranged on both surfaces of cathode
collector 11. The anode has a structure in which anode active
material layers 15 have been arranged on both surfaces of
anode collector 12. Specifically, the anode, the electrolyte
layer and the cathode are laminated in this order in a manner
that one cathode active material layer 13 and the adjacent
anode active material layer 15 are opposed to each other with
an interposal of electrolyte layer 17. With this, the cathode,
the electrolyte layer and the anode, which are adjacent to each
other, constitute a single battery layer (single cell) 19. There-
fore, it is also possible to say that laminated-structure battery
10 of the present embodiment has a structure in an electrical
parallel connection by laminating a plurality of single battery
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layers (single cells) 19. It is also possible to say that a bipolar
(internal series connection type) laminated (laminated struc-
ture) lithium ion secondary battery has a structure in an elec-
trical series connection by laminating a plurality of single
battery layers (single cells). Furthermore, it is optional to
further arrange an adhesive layer (not shown in the drawings)
between the separator of electrolyte layer 17 and the cathode
and/or the anode.

[0025] Although cathode active material layers 13 are
arranged on only one surfaces of the outermost cathode col-
lectors positioned at both outermost layers of power genera-
tion element 21, it is optional to form the active material
layers on both surfaces. That is, it is optional to use a collector
formed on its both surfaces with active material layers as it is
as a collector of the outermost layer, not making a collector,
which is formed on its only one surface with an active mate-
rial layer, only for the outermost layer. It is optional to posi-
tion the outermost layer anode collectors at both outermost
layers of power generation element 21 by reversing the
arrangement of the cathode and the anode of FIG. 1 and to
arrange an anode active material layer(s) on one surface or
both surfaces of the outermost anode collector.

[0026] Furthermore, in the present embodiment, the elec-
trode (cathode or anode) include a self-supporting electrode.
Self-supporting electrode is one that keeps its shape even with
no metal foil (collector). That is, self-supporting electrode
(self-supporting structure) is one capable of keeping its shape
with only an active material layer even with no metal foil
(collector). Self-supporting electrode (self-supporting struc-
ture) is, however, required to have as electrode elements a
collector (it may be a metal vapor deposited film, a plating
thin film, a metal wiring, or the like, which is lower than metal
foils in mechanical strength and is not capable of keeping its
shape, excepting metal foils) and an active material layer. The
above-defined self-supporting electrode has active material
layers (cathode active material layer and anode active mate-
rial layer) and collectors (cathode collector and anode collec-
tor) directly formed on one surfaces of the active material
layers. The active material layer contains a porous skeleton
body and an active material (cathode active material or anode
active material) that is held in pores of the porous skeleton
body.

[0027] In the present specification, in the case of mention-
ing “collector”, it may be referred to as both of the cathode
collector and the anode collector, or as only one of them, or as
a bipolar electrode collector of a bipolar battery. Similarly, in
the case of mentioning “active material layer”, it may be
referred to as both of the cathode active material layer and the
anode active material layer or as only one of them. Similarly,
in the case of mentioning “active material”, it may be referred
to as both of the cathode active material and the anode active
material or as only one of them.

[0028] Tip portions of cathode collecting tab (cathode col-
lecting plate) 25 and anode collecting tab (anode collecting
plate) 27, which are electrically connected with respective
electrodes (cathode and anode), are attached to cathode col-
lector 11 and anode collector 12. It has a structure in which the
other tip portions of cathode collecting tab 25 and anode
collecting tab 27 are guided to the outside of battery cladding
29 in a manner to be sandwiched between end portions of
battery cladding 29. It is optional to respectively attach cath-
ode collecting tab 25 and anode collecting tab 27 to cathode
collector 11 and anode collector 12 of respective electrodes
by an ultrasonic welding, a resistance welding, or the like, if
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necessary, through electrode leads (cathode lead and anode
lead) (not shown in the drawings).

[0029] Furthermore, as a characteristic structure of lami-
nated-structure battery 10 of the present embodiment, it is
characterized by that a center portion (also referred to as inner
side, inside, or center side; see FIG. 2) in the direction of
lamination is made to be higher than an end portion (also
referred to as outer side, outside, or end side; see FIG. 2) in
terms of A/C ratio. That is, A/C ratios of single battery layers
(single cells) 19 are made to be higher as being closer to the
center portion in the direction of lamination. Therefore, even
if the charge and discharge capacity of the cathode low in heat
radiation increases, it has a structure that A/C ratio of the
center portion in the direction of lamination is higher than that
of the end portion (see Tables 2, 4, 6, 8, 10 and 12 of
Examples). Therefore, the difference between the effective
A/C ratios at the center portion and the end portion in the
direction of lamination is reduced. With this, it is possible to
prevent Li precipitation at the electrode of the center portion.
As a result, it is possible to suppress unevenness of the cur-
rents between the electrodes of the laminated single battery
layers (single cells) to obtain an even output. As a result, it is
possible to prevent the performance deterioration at an early
stage, keep a high charge and discharge efficiency even after
the use for a long term (after 500 cycles in Examples), and
improve durability of the battery (see Table 17 of Examples).

[0030] Herein, it suffices that a preferable range of the
difference of A/C ratios of the center portion and the end
portion in the direction of lamination of the single battery
layers (single cells) leads to the accomplishment of the object
of the present embodiment and the obtainment of the desired
advantageous effect. In particular, even if the charge and
discharge capacity of the cathode low in heat radiation
increases by making A/C ratio of the center portion high, it is
desirable that A/C ratio is not lower than 1. By making A/C
ratio of the center portion high, the difference between the
effective A/C ratios at the center portion and the end portion
in the direction of lamination in the laminated-structure bat-
tery is reduced. With this, it is possible to suppress the output
unevenness of the single battery layers (single cells) of the
center portion and the end portion. As a result, it is possible to
keep a high charge and discharge efficiency even after the use
for a long term and improve durability (life) of the battery.

[0031] Specifically, it suffices that A/C ratio of the center
portion in the direction of lamination is higher than A/C ratio
of the end portion. It suffices that the former is higher than the
latter even by 0.001, preferably by 0.1 to 0.4, more preferably
by 0.15 to 0.25. If A/C ratio of the center portion in the
direction of lamination is higher than A/C ratio of the end
portion by only less than 0.1, there is a risk of being impos-
sible to sufficiently achieve the above-mentioned object. On
the other hand, in case that the former is higher than the latter
by exceeding 0.4, the anode becomes heavy and thick,
thereby causing a risk of becoming large in size.

[0032] Furthermore, A/C ratio of the center portion in the
direction of lamination is in a range of 1.2-1.4, more prefer-
ably 1.25-1.35. In case that A/C ratio of the center portion is
lower than 1.2, it causes a risk of becoming disadvantageous
in energy when viewed under the same density. Therefore, it
is not desirable. The upper limit of A/C ratio of the center
portion is not particularly limited. If it exceeds 1.4, the anode
becomes heavy and thick, thereby causing a risk of becoming
large in size. Therefore, it is not desirable.
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[0033] A/C ratio ofthe end portion in the direction of lami-
nation is in a range of 1.05-1.2, preferably 1.1-1.15. In case
that A/C ratio of the end portion is lower than 1.05, it causes
a risk of becoming disadvantageous in energy when viewed
under the same density. Therefore, it is not desirable. If A/C
ratio of the end portion exceeds 1.2, the anode becomes heavy
and thick, thereby causing a risk of becoming large in size.
Therefore, it is not desirable.

[0034] The charge A/C ratio and the discharge A/C ratio of
each single battery layer can be measured by, for example, the
following method.

[0035] 1. Regarding Anode Capacity

[0036] Itis possible by TEM (transmission electron micro-
scope) to confirm an amorphous layer (active material) on the
surface of an anode active material layer and determine a
mass proportion of the anode active material, the binder, etc.,
which are structural members of the anode active material
layer of each single battery layer (single cell), and the volume
ofthe anode active material. With this, it is possible to confirm
whether or not mass of the anode active material and the
anode electrode density are in a gradation in each single
battery layer (single cell) in the battery.

[0037] A cell is assembled by using anode of each single
battery layer (single cell) in the battery obtained by the pro-
duction step (or by disassembling the battery and then taking
anode out of each single battery layer (single cell)) and by
using Li for the counter electrode. Then, under storage at 25°
C., these cells are charged until a predetermined upper limit
voltage (normally 4.25 V) (until the cells become a fully
charged condition) at a rate of 0.05 C (or a rate of 1 C). With
this, it is possible to determine the anode charge capacity (Ah)
of each single battery layer (single cell) in the battery (see the
method of determining A/C ratio of Example 1).

[0038] Next, under storage at 25° C., these cells are dis-
charged until a predetermined lower limit voltage (normally
3.0V) (until a condition in which cell capacity almost cannot
be taken out) at a rate of 0.05 C (or a rate of 1 C). With this, it
is possible to determine the anode discharge capacity (Ah) of
each single battery layer (single cell) in the battery.

[0039] 2. Regarding Cathode Capacity

[0040] By ICP (inductively coupled plasma emission spec-
trometry), the compositional proportion of transition metals
(for example, in the above-mentioned Example, Ni, Co and
Al) in the cathode active material is confirmed, and the cath-
ode capacity (Ah) is determined from the volume of the
cathode active material per unit weight and mass of the cath-
ode active material. With this, it is possible to confirm
whether or not mass of the cathode active material and the
cathode electrode density are in a gradation in each single
battery layer (single cell) in the battery.

[0041] A cell is assembled by using cathode of each single
battery layer (single cell) in the battery obtained by the pro-
duction step (or by disassembling the battery and then taking
cathode out of each single battery layer (single cell)) and by
using Li for the counter electrode. Then, under storage at 25°
C., these cells are charged until a predetermined upper limit
voltage (normally 4.25 V) (until the cells become a fully
charged condition) at a rate of 0.2 C (or a rate of 1 C). With
this, it is possible to determine the cathode charge capacity
(Ah) of each single battery layer (single cell) in the battery.
[0042] Next, under storage at 25° C., the cells are dis-
charged until a predetermined lower limit voltage (normally
3.0V) (until a condition in which cell capacity almost cannot
be taken out) at a rate of 0.2 C (or a rate of 1 C). With this, it
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is possible to determine the cathode discharge capacity (Ah)
of each single battery layer (single cell) in the battery.

[0043] It is possible to calculate the anode charge capacity
(Ah)/the cathode charge capacity (Ah) of each single battery
layer, determined by the above items 1 and 2, as charge A/C
ratio of each single battery layer. Furthermore, it is possible to
calculate the anode discharge capacity (Ah)/the cathode dis-
charge capacity (Ah) of each single battery layer, determined
by the above items 1 and 2, as discharge A/C ratio of each
single battery layer.

[0044] In the following, there is explained a specific
requirement (means) for making the center portion higher
than the end portion in terms of A/C ratio. It is optional to
apply (use) the following requirement (means) alone or apply
(use) at least two requirements (means) by suitably combin-
ing them.

[0045] (First Means)

[0046] As a specific requirement (first means) for making
the center portion higher than the end portion in A/C ratio, the
center portion is made to be higher than the end portion in the
direction of lamination in terms of at least one of the anode
charge capacity and the anode discharge capacity of each
single battery layer. Upon this, it is optional to make the
center portion equal to the end portion in the direction of
lamination in terms of the cathode charge capacity or the
cathode discharge capacity (see Example 1). Alternatively, as
shown in the second means, it is optional to set the cathode
charge capacity or the cathode discharge capacity in a grada-
tion in the direction of lamination. By the present means, it is
possible to satisfy the above requirement. Thereby, it is pos-
sible to achieve the above-mentioned object of the present
embodiment and obtain a desired advantageous effect. In
particular, since the anode charge and discharge capacity is
made to be higher as being closer to the center portion, the
difference of the effective A/C ratio between the center por-
tion and the end portion in the direction of lamination is
reduced. With this, it is possible to obtain an even output. As
a result, it is possible to achieve the above object (task) and
advantageous effect, such as being capable of preventing the
performance deterioration at an early stage and improving
durability (life) of the battery. Since the anode charge and
discharge capacity is made to be higher as being closer to the
center portion, it is preferable that A/C ratio is not lower than
1 even if the charge and discharge capacity of the cathode low
in heat radiation increases.

[0047] Specifically, it suffices that the anode charge capac-
ity or the anode discharge capacity (also referred to as simply
anode charge and discharge capacity) of the center portion in
the direction of lamination is higher than the anode charge
capacity or the anode discharge capacity of the end portion. In
case that the anode charge capacity of the center portion inthe
direction of lamination is 100%, the anode charge capacity of
the end portion in the direction of lamination is in a range of
87-97%, preferably 88-96%. If the anode charge and dis-
charge capacity of the end portion is in the above range
relative to 100% of the anode charge and discharge capacity
of the center portion in the direction of lamination, it is
possible to sufficiently achieve the above object and obtain a
desired advantageous effect. In particular, if it is not higher
than 97%, it is possible to effectively prevent the anode from
becoming heavy, thick and large in size by increasing mass
per area in order to increase the anode charge capacity. If it is
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not lower than 87%, it is superior in terms of improving the
battery life by suppressing the generation of the electric cur-
rent unevenness.

[0048] The method for changing the percentage of the
anode charge and discharge capacity in the direction of lami-
nation is not particularly limited. For example, (a) as shown in
Example 1, it is optional to use at least two anode active
materials that are different in charge and discharge capacity
per unit mass and to change the mixing proportion of these in
the direction of lamination (see Tables 1, 2 and 17), (b) it is
optional to use the same anode active material and change its
mass per area (the amount of the active material per unit area)
in the direction of lamination, and (c) it is optional to use the
same anode active material and change its coating amount
(the amount of the active material per unit volume) in the
direction of lamination. Alternatively, it is optional to suitably
combine at least two of the above-mentioned (a) to (c). The
method for changing the percentage of the anode charge and
discharge capacity is, however, not limited at all to the above-
mentioned methods. It is optional to suitably use a method
publicly known hitherto.

[0049] To determine the percentage of the anode charge
capacity or the anode discharge capacity, it is possible to
apply the method of measuring the anode charge capacity or
the anode discharge capacity upon calculating the above-
mentioned charge A/C ratio or discharge A/C ratio.

[0050] (Second Means)

[0051] As a specific requirement (second means) for mak-
ing the center portion higher than the end portion in A/C ratio,
the center portion is made to be lower than the end portion in
the direction of lamination in terms of at least one of the
cathode charge capacity and the cathode discharge capacity
of each single battery layer. Upon this, it is optional to make
the center portion equal to the end portion in the direction of
lamination in terms of the anode charge capacity or the anode
discharge capacity (see Example 2). Alternatively, as shown
in the first means, it is optional to set the anode charge capac-
ity or the anode discharge capacity in a gradation in the
direction of lamination. By the present means, it is possible to
satisfy the above requirement. Thereby, it is possible to
achieve the above-mentioned object of the present embodi-
ment and obtain a desired advantageous effect. In particular,
since the cathode charge and discharge capacity is made to be
lower as being closer to the center portion, the difference of
the effective A/C ratio between the center portion and the end
portion in the direction of lamination is reduced. With this, it
is possible to obtain an even output. As a result, it is possible
to achieve the above object (task) and advantageous effect,
such as being capable of preventing the performance deterio-
ration at an early stage and improving durability (life) of the
battery. Since the cathode charge and discharge capacity is
made to be higher as being closer to the end portion, it is
preferable that A/C ratio is not lower than 1 even if the charge
and discharge capacity of the cathode low in heat radiation
increases.

[0052] Specifically, it suffices that the cathode charge
capacity or the cathode discharge capacity (also referred to as
simply cathode charge and discharge capacity) of the center
portion in the direction of lamination is lower than the cath-
ode charge capacity or the cathode discharge capacity of the
end portion. In case that the cathode charge capacity of the
end portion in the direction of lamination is 100%, the cath-
ode charge capacity of the center portion in the direction of
lamination is in a range of 87-97%, preferably 88-96%. If the
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cathode charge and discharge capacity of the center portion is
in the above range relative to 100% of the cathode charge and
discharge capacity of the end portion in the direction of lami-
nation, it is possible to sufficiently achieve the above object
and obtain a desired advantageous effect. In particular, if it is
not higher than 97%, it is possible to effectively prevent the
cathode from becoming heavy, thick and large in size by
increasing mass per area in order to increase the cathode
charge capacity. If it is not lower than 87%, it is superior in
terms of improving the battery life by suppressing the gen-
eration of the electric current unevenness.

[0053] The method for changing the percentage of the cath-
ode charge and discharge capacity in the direction of lamina-
tion is not particularly limited. For example, (a) as shown in
Example 2, it is optional to use at least two cathode active
materials (for example, lithium-transition metal complex
oxides each containing at least two transition metals, etc.) that
are different in charge and discharge capacity per unit mass
and to change the compositional proportion of these transi-
tion metals in the direction of lamination (see Tables 3, 4 and
17), (b) it is optional to use the same cathode active material
and change its mass per area (the amount of the active mate-
rial per unit area) in the direction of lamination, and (c) it is
optional to use the same cathode active material and change
its coating amount (the amount of the active material per unit
volume) in the direction of lamination. Alternatively, it is
optional to suitably combine at least two of the above-men-
tioned (a) to (¢). The method for changing the percentage of
the cathode charge and discharge capacity is, however, not
limited at all to the above-mentioned methods. It is optional to
suitably use a method publicly known hitherto.

[0054] To determine the percentage of the cathode charge
capacity or the cathode discharge capacity, it is possible to
apply the method of measuring the cathode charge capacity or
the cathode discharge capacity upon calculating the above-
mentioned charge A/C ratio or discharge A/C ratio.

[0055] (Third Means)

[0056] As a specific requirement (third means) for making
the center portion higher than the end portion in A/C ratio, the
center portion is made to be higher than the end portion in the
direction of lamination in terms of mass of the anode active
material of each single battery layer. In particular, it is pref-
erably used together with the first means. Upon this, it is
optional to make the center portion equal to the end portion in
the direction of lamination in terms of mass of the cathode
active material (see Example 3). Alternatively, as shown in
the fourth means, it is optional to set mass of the cathode
active material in a gradation in the direction of lamination.
By the present means, it is possible to satisfy the above
requirement. Thereby, it is possible to achieve the above-
mentioned object of the present embodiment and obtain a
desired advantageous effect. In particular, since the propor-
tion of mass per unit area of the anode active material is made
to be higher as being closer to the center portion (see Tables 5
and 6), the difference of the effective A/C ratio between the
center portion and the end portion in the direction of lamina-
tion is reduced. With this, it is possible to obtain an even
output. As a result, it is possible to achieve the above object
(task) and advantageous effect, such as being capable of
preventing the performance deterioration at an early stage and
improving durability (life) of the battery. Since the proportion
of mass per unit area of the anode active material is made to
be higher as being closer to the center portion, it is preferable
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that A/C ratio is not lower than 1 even if the charge and
discharge capacity of the cathode low in heat radiation
increases.

[0057] Specifically, it suffices that mass of the anode active
material (the amount of the anode active material per unit
area; it is the same in the following) of the center portion in the
direction of lamination is higher than mass of the anode active
material of the end portion. In case that mass of the anode
active material of the center portion in the direction of lami-
nation is 100%, mass of the anode active material of the end
portion in the direction of lamination is in a range 0f 87-97%,
preferably 88-96%. If mass of the anode active material of the
end portion is in the above range relative to 100% of mass of
the anode active material of the center portion in the direction
of lamination, it is possible to sufficiently achieve the above
object and obtain a desired advantageous effect. In particular,
if it is nothigher than 97%, it is possible to effectively prevent
the anode from becoming heavy, thick and large in size due to
mass (mass per unit area) of the anode active material being
too large. If it is not lower than 87%, it is superior in terms of
improving the battery life by suppressing the generation of
the electric current unevenness.

[0058] As the method for changing the proportion of the
anode active material in the direction of lamination, it suffices
to change its mass per unit area (the amount of the anode
active material per unit area) in the direction of lamination by
using the same anode active material, as shown in Example 3
(see Tables 5, 6 and 17).

[0059] To determine the percentage of the anode charge
capacity or the anode discharge capacity, it is possible to
apply the method of measuring the anode charge capacity or
the anode discharge capacity upon calculating the above-
mentioned charge A/C ratio or discharge A/C ratio.

[0060] Mass of the above-mentioned anode active material
can be determined by disassembling the battery, exposing a
section, mapping an anode active material portion from a
sectional image of SEM (scanning electron microscope), and
measuring (counting) the size (area), the length, the particle
size (diameter), etc. From this, the volume proportion is deter-
mined, and then it can be converted to mass %.

[0061] (Fourth Means)

[0062] As aspecific requirement (fourth means) for making
the center portion higher than the end portion in A/C ratio, the
center portion is made to be lower than the end portion in the
direction of lamination in terms of mass of the cathode active
material of each single battery layer. In particular, it is pref-
erably used together with the second means. Upon this, it is
optional to make the center portion equal to the end portion in
the direction of lamination in terms of mass of the anode
active material (see Example 4). Alternatively, as shown in
the third means, it is optional to set mass of the anode active
material in a gradation in the direction of lamination. By the
present means, it is possible to satisfy the above requirement.
Thereby, it is possible to achieve the above-mentioned object
of the present embodiment and obtain a desired advantageous
effect. In particular, since the proportion of mass per unit area
of the cathode active material is made to be higher as being
closer to the end portion and to be lower as being closer to the
center portion (see Tables 7 and 8), the difference of the
effective A/C ratio between the center portion and the end
portion in the direction of lamination is reduced. With this, it
is possible to obtain an even output. As a result, it is possible
to achieve the above object (task) and advantageous effect,
such as being capable of preventing the performance deterio-
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ration at an early stage and improving durability (life) of the
battery. Since the proportion of mass per unit area of the
cathode active material is made to be higher as being closer to
the end portion, it is preferable that A/C ratio is not lower than
1 even if the charge and discharge capacity of the cathode low
in heat radiation increases.

[0063] Specifically, it suffices that mass of the cathode
active material (the amount of the cathode active material per
unit area; it is the same in the following) of the center portion
in the direction of lamination is lower than mass of the cath-
ode active material of the end portion. In case that mass of the
cathode active material of the end portion in the direction of
lamination is 100%, mass of the cathode active material ofthe
center portion in the direction of lamination is in a range of
87-97%, preferably 88-96%. If mass of the cathode active
material of the center portion is in the above range relative to
100% of mass of the cathode active material of the end portion
in the direction of lamination, it is possible to sufficiently
achieve the above object and obtain a desired advantageous
effect. In particular, if it is not higher than 97%, it is possible
to effectively prevent the cathode from becoming heavy, thick
and large in size due to mass (mass per unit area) of the
cathode active material being too large. If it is not lower than
87%, it is superior in terms of improving the battery life by
suppressing the generation of the electric current unevenness.
[0064] As the method for changing the proportion of the
cathode active material in the direction of lamination, it suf-
fices to change its mass per unit area (the amount of the
cathode active material per unit area) in the direction of lami-
nation by using the same cathode active material, as shown in
Example 4 (see Tables 7, 8 and 17).

[0065] Mass of the above-mentioned cathode active mate-
rial can be determined by disassembling the battery, exposing
a section, mapping a cathode active material portion from a
sectional image of SEM (scanning electron microscope), and
measuring (counting) the size (area), the length, the particle
size (diameter), etc. From this, the volume proportion is deter-
mined, and then it can be converted to mass %.

[0066] (Fifth Means)

[0067] As a specific requirement (fifth means) for making
the center portion higher than the end portion in A/C ratio, the
center portion is made to be higher than the end portion in the
direction of lamination in terms of the anode electrode den-
sity of each single battery layer. In particular, it is preferably
used together with the first and third means. Upon this, it is
optional to make the center portion equal to the end portion in
the direction of lamination in terms of the cathode electrode
density (see Example 5). Alternatively, as shown in the sixth
means, it is optional to set the cathode electrode density in a
gradation in the direction of lamination. By the present
means, it is possible to satisfy the above requirement.
Thereby, it is possible to achieve the above-mentioned object
of the present embodiment and obtain a desired advantageous
effect. Additionally, the anode electrode density is made to be
higher as being closer to the center portion. Therefore, it is
possible to make the cell thickness equal as a whole even if
applying a greater amount of the anode active material. Even
if the amount of the cathode or anode active material to be
applied is increased, it is also possible to make the cell volume
equal by making the opposed electrodes in each lamination
equal in energy density (thickness). Since the anode electrode
density is made to be higher as being closer to the center
portion, the difference of the effective A/C ratio between the
center portion and the end portion in the direction of lamina-
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tion is reduced. With this, it is possible to obtain an even
output. As a result, it is possible to achieve the above object
(task) and advantageous effect, such as being capable of
preventing the performance deterioration at an early stage and
improving durability (life) of the battery. Since the anode
electrode density is made to be higher as being closer to the
center portion, it is preferable that A/C ratio is not lower than
1 even if the charge and discharge capacity of the cathode low
in heat radiation increases.

[0068] Specifically, it suffices that the anode electrode den-
sity (mass of the anode active material/volume of the anode
active material in the anode active material layer; it is the
same in the following) of the center portion in the direction of
lamination is higher than the anode electrode density of the
end portion. In case that the anode electrode density of the
center portion in the direction of lamination is 100%, the
anode electrode density of the end portion in the direction of
lamination is in a range of 87-97%, preferably 88-96%. If the
anode electrode density of the end portion is in the above
range relative to 100% of the anode electrode density of the
center portion in the direction of lamination, it is possible to
sufficiently achieve the above object and obtain a desired
advantageous effect. In particular, if it is not higher than 97%,
it is possible to effectively prevent the anode from becoming
heavy, thick and large in size due to making mass per unit area
large to increase the anode electrode density. If it is not lower
than 87%, it is superior in terms of improving the battery life
by suppressing the generation of the electric current uneven-
ness.

[0069] The method for changing the anode electrode den-
sity in the direction of lamination is not particularly limited.
For example, as shown in Example 5, it suffices to use the
same anode active material and change in the direction of
lamination its mass per unit area (mass of the active material
per unit area) and its amount for application (the amount of
the active material per unit volume) (see Tables 9 and 10). The
method for changing the anode electrode density is, however,
not limited to the above method, and it is optional to suitably
use a method publicly known hitherto.

[0070] The anode electrode density (mass of the anode
active material/volume of the anode active material) can be
determined by disassembling the battery, exposing a section,
mapping an anode active material portion from a sectional
image of SEM (scanning electron microscope), and measur-
ing (counting) the size (area), the length, the particle size
(diameter), etc. From this, the volume proportion is calcu-
lated. Furthermore, it is converted to mass %, and thereby it is
possible to determine the anode electrode density from mass
and volume of the anode active material.

[0071] (Sixth Means)

[0072] As aspecific requirement (sixth means) for making
the center portion higher than the end portion in A/C ratio, the
center portion is made to be lower than the end portion in the
direction of lamination in terms of the cathode electrode
density of each single battery layer. In particular, it is prefer-
ably used together with the second and fourth means. Upon
this, it is optional to make the center portion equal to the end
portion in the direction of lamination in terms of the anode
electrode density (see Example 6). Alternatively, as shown in
the fifth means, it is optional to set the anode electrode density
in a gradation in the direction of lamination. By the present
means, it is possible to satisfy the above requirement.
Thereby, it is possible to achieve the above-mentioned object
of the present embodiment and obtain a desired advantageous
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effect. Additionally, the cathode electrode density is made to
be lower as being closer to the center portion and to be higher
as being closer to the end portion. Therefore, it is possible to
make the thickness equal as a whole even if applying a greater
amount of the cathode active material. Even if the amount of
the cathode or anode active material to be applied is
increased, it is also possible to make the cell volume equal by
making the opposed electrodes in each lamination equal in
energy density (thickness). Since the cathode electrode den-
sity is made to be higher as being closer to the end portion, the
difference of the effective A/C ratio between the center por-
tion and the end portion in the direction of lamination is
reduced. With this, it is possible to obtain an even output. As
a result, it is possible to achieve the above object (task) and
advantageous effect, such as being capable of preventing the
performance deterioration at an early stage and improving
durability (life) of the battery. Since the cathode electrode
density is made to be higher as being closer to the end portion,
it is preferable that A/C ratio is not lower than 1 even if the
charge and discharge capacity of the cathode low in heat
radiation increases.

[0073] Specifically, it suffices that the cathode electrode
density (mass of the cathode active material/volume of the
cathode active material in the cathode active material layer; it
is the same in the following) of the center portion in the
direction of lamination is lower than the cathode electrode
density of the end portion. In case that the cathode electrode
density of the end portion in the direction of lamination is
100%, the cathode electrode density of the center portion in
the direction of lamination is in a range 0f 87-97%, preferably
88-96%. If the cathode electrode density of the center portion
is in the above range relative to 100% of the cathode electrode
density of the end portion in the direction of lamination, it is
possible to sufficiently achieve the above object and obtain a
desired advantageous effect. In particular, if it is not higher
than 97%, it is possible to effectively prevent the cathode
from becoming heavy, thick and large in size due to making
mass per unit area large to increase the cathode electrode
density. If it is not lower than 87%, it is superior in terms of
improving the battery life by suppressing the generation of
the electric current unevenness.

[0074] The method for changing the cathode electrode den-
sity in the direction of lamination is not particularly limited.
For example, as shown in Example 6, it suffices to use the
same cathode active material and change in the direction of
lamination its mass per unit area (mass of the active material
per unit area) and its amount for application (the amount of
the active material per unit volume) (see Tables 11 and 12).
The method for changing the cathode electrode density is,
however, not limited to the above method, and it is optional to
suitably use a method publicly known hitherto.

[0075] The cathode electrode density (mass of the cathode
active material/volume of the cathode active material) can be
determined by disassembling the battery, exposing a section,
mapping a cathode active material portion from a sectional
image of SEM (scanning electron microscope), and measur-
ing (counting) the size (area), the length, the particle size
(diameter), etc. From this, the volume proportion is calcu-
lated. Furthermore, it is converted to mass %, and thereby it is
possible to determine the cathode electrode density from
mass and volume of the anode active material.

[0076] The above is an explanation about specific require-
ments (means) for making the center portion higher than the
end portion in terms of the A/C ratio of the present embodi-
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ment. In the following, there is conducted an explanation
about each structural requirement (structural member) of
laminated-structure battery 10 of the present embodiment.
Each structural requirement (structural member) of lami-
nated-structure battery 10 is not limited to the following
mode, but a mode publicly known hitherto can similarly be
used.

[0077] (1) Collector

[0078] The collector is constituted of a conductive material,
and an active material layer is arranged on its one surface or
both surfaces. The material for constituting the collector is
not particularly limited. For example, it is possible to use a
metal or a resin having conductivity in which a conductive
filler has been added to a conductive polymer material or a
non-conductive polymer material.

[0079] As the metal, it is possible to cite aluminum, nickel,
iron, stainless steel, titanium, copper, etc. Besides these, it is
possible to preferably use a cladding member of nickel and
aluminum, a cladding member of copper and aluminum, a
plating member made of a combination of these metals, etc. It
may be a foil prepared by covering the metal surface with
aluminum. In particular, from the viewpoint of conductivity
and battery action potential, aluminum, stainless steel and
copper are preferable.

[0080] As the form ofa collector using metal, besides metal
foil, it is optional to use a metal vapor deposited layer, a metal
plating layer, a conductive primer layer, and a metal wiring.
As to the metal vapor deposited layer and the metal plating
layer, it is possible to form (arrange) an extremely thin metal
vapor deposited layer or metal plating layer on one surface of
the active material layer by a vacuum deposition method or
various plating methods. Also as to the metal wiring, it is
possible to form (arrange) an extremely thin metal wiring on
one surface of the active material layer by a vacuum deposi-
tion method or various plating methods. Furthermore, it is
possible to impregnate the metal wiring with a primer layer
and bond them with each other by thermocompression bond-
ing. Furthermore, in the case of using a punched metal sheet
or an expanded metal sheet as the metal wiring, it is possible
to arrange the metal wiring (collector) between active mate-
rial layers by applying an electrode slurry on both surfaces of
the punched metal sheet or the expanded metal sheet and
drying it. Even in the case of using a metal foil, it is possible
to arrange the metal foil (collector) on one surface of the
active material layer by applying an electrode slurry on the
metal foil (one surface or both surfaces) and drying it. Fur-
thermore, it is possible to make the conductive primer layer
basically by mixing a resin with carbon (chain form or fiber
form) or a metal filler (aluminum, copper, stainless steel,
nickel powder or the like used for the collector material).
Various mixings are acceptable. It can be formed (arranged)
by applying this on one surface of the active material layer
and drying the same.

[0081] The above conductive primer layer includes a cur-
rent collecting resin layer having conductivity. Preferably, the
conductive primer layer is formed of a current collecting resin
layer having conductivity. In order that the conductive primer
layer may have conductivity, as a specific configuration, it is
possible to cite 1) a configuration in which a polymer material
constituting the resin is a conductive polymer and 2) a con-
figuration in which the current collecting resin layer contains
resin and a conductive filler (conductive member).

[0082] The conductive polymer is selected from materials
having electrical conductivity and no conductivity with
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respect to the ion used as a charge transfer medium. These
conductive polymers are considered to show conductivity by
the formation of an energy band by a conjugated polyene
system. As a typical example, it is possible to use a polyene
series conductive polymer of which practical use is in
progress for electrolytic condensers, etc. Specifically, there
are preferable polyaniline, polypyrrole, polythiophene, poly-
acetylene, polyparaphenylene, polyphenylene vinylene,
polyacrylonitrile, polyoxadiazole, or a mixture of these, etc.
From the viewpoint of electron conductivity and being stably
usable in a battery, polyaniline, polypyrrole, polythiophene,
and polyacetylene are more preferable.

[0083] The conductive filler (conductive member) used in
the configuration of the above item 2) is selected from mate-
rials having conductivity. Preferably, from the viewpoint of
suppressing ion transmission in the current collecting resin
layer having conductivity, it is desirable to use a material that
has no conductivity with respect to the ion used as a charge
transfer medium.

[0084] Specifically, it is possible to cite aluminum material,
stainless steel (SUS) material, carbon material, silver mate-
rial, gold material, copper material, titanium material, etc.,
but it is not limited to these. These conductive fillers may be
used singly, or at least two of them may be used together.
Furthermore, it is optional to use an alloy material of these.
Silver material, gold material, aluminum material, stainless
steel material, carbon material are preferable. Carbon mate-
rial is more preferable. Furthermore, these conductive fillers
(conductive members) may be ones prepared by coating par-
ticle-type ceramic materials and resin materials at their sur-
roundings with conductive materials (the above conductive
members) by plating or the like.

[0085] As the above-mentioned carbon material, it is pos-
sible to cite at least one selected from the group consisting of
acetylene black, Vulcan, black pearl, carbon nanofiber, ketjen
black, carbon nanotube, carbon nanohorn, carbon nanobal-
loon, hard carbon, and fullerene. These carbon materials are
very wide in potential window, stable in a wide range against
both of the cathode potential and the anode potential, and
superior in conductivity. Furthermore, since carbon materials
are very light in weight, the increase of mass becomes the
minimum. Furthermore, carbon materials are frequently used
as a conductive assistant of an electrode. Even in contact with
these conductive assistants, contact resistance becomes very
low since they are the same materials. In the case of using a
carbon material as conductive particles, it is also possible to
lower conformability of an electrolyte by conducting a hydro-
phobic treatment on the surface of carbon to make a situation
in which the electrolyte hardly penetrates into pores of the
collector.

[0086] The shape of the conductive filler (conductive mem-
ber) is not particularly limited. It is possible to suitably select
a publicly known shape, such as particle form, powder form,
fiber form, plate form, block form, cloth form or mesh form.
For example, in case that one has a desire to provide the resin
with conductivity in a wide range, it is preferable to use a
conductive material in particle form. On the other hand, in
case that one has a desire to further improve the resin in
conductivity in a particular direction, it is preferable to use a
conductive material having a certain direction in the shape
such as fiber form.

[0087] The average particle size of the conductive filler is
not particularly limited. It is desirable to be about 0.01 to 10
um. In the present specification, the particle size means the
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maximum distance L in the distances between arbitrary two
points on the contour of the conductive filler. As the value of
the average particle size, there is taken a value calculated as
the average value of the particle sizes of several to dozens of
gains observed in the vision by using an observation means
such as scanning electron microscope (SEM), transmission
electron microscope (TEM), etc. It is also possible to define
the particle size and the average particle size of the after-
mentioned active material particles, etc.

[0088] Furthermore, in case that the current collecting resin
layer has a configuration to contain a conductive filler, the
resin to form the current collecting resin layer may contain a
nonconductive polymer material for binding the conducting
filler, in addition to the conductive filler. By using a noncon-
ductive polymer material as a material for constituting the
current collecting resin layer, it is possible to increase binding
capacity of the conductive filler and increase credibility of the
battery. The polymer material is selected from materials that
can resist the cathode potential and the anode potential to be
applied.

[0089] As examples of the nonconductive polymer mate-
rial, it is possible to preferably cite polyethylene (PE),
polypropylene (PP), polystyrene (PS), polyethylene tereph-
thalate (PET), polyether nitrile (PEN), polyimide (PI), polya-
mide (PA), polyamide imide (PAI), polytetrafluoroethylene
(PTFE), styrene-butadiene rubber (SBR), polyacrylonitrile
(PAN), polymethyl acrylate (PMA), polymethyl methacry-
late (PMMA), polyvinyl chloride (PVC), polyvinylidene
fluoride (PVdF), polyvinylidene chloride (PVDC) or a mix-
ture of these. These materials are very wide in potential win-
dow and stable against the cathode potential and the anode
potential. Furthermore, since they are light in weight, it
becomes possible to provide a battery with high output den-
sity.

[0090] The content of the conductive filler is not particu-
larly limited. In particular, in case that the resin contains a
conductive polymer material and can secure a sufficient con-
ductivity, it is not necessarily essential to add the conductive
filler. In case that the resin is made of only a nonconductive
polymer material, however, it is essential to add a conductive
filler for providing conductivity. Upon this, the content of the
conductive filler is preferably 5-90 mass %, more preferably
30-85 mass %, still more preferably 50-80 mass %, relative to
the total mass of the nonconductive polymer material. By
adding the conductive filler of such amount to the resin, it is
possible to provide the nonconductive polymer material too
with a sufficient conductivity, while suppressing the mass
increase of the resin.

[0091] The conductive primer layer may contain other
additives besides the conductive filler and the resin, but is
preferably made of the conductive filler and the resin.
[0092] Of materials constituting the collector, as a conduc-
tive polymer material, it is possible to cite, for example,
polyaniline, polypyrrole, polythiophene, polyacetylene,
polyparaphenylene, polyphenylene vinylene, polyacryloni-
trile, and polyoxadiazole, etc. Since such conductive polymer
material has a sufficient conductivity even by not adding a
conductive filler, it is advantageous in terms of making the
production steps easy and making the collector light in
weight.

[0093] As the nonconductive polymer material, it is pos-
sible to cite, for example, polyethylene (PE; high density
polyethylene (HDPE), low density polyethylene (LDPE)),
polypropylene (PP), polyethylene terephthalate (PET), poly-
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ether nitrile (PEN), polyimide (PI), polyamide imide (PAI),
polyamide (PA), polytetrafluoroethylene (PTFE), styrene-
butadiene rubber (SBR), polyacrylonitrile (PAN), polym-
ethyl acrylate (PMA), polymethyl methacrylate (PMMA),
polyvinyl chloride (PVC), polyvinylidene fluoride (PVdF),
polyvinylidene chloride (PVDC), polystyrene (PS), etc. Such
nonconductive polymer material can have a superior potential
resistance or solvent resistance.

[0094] According to need, it is optional to add the conduc-
tive filler to the above-mentioned conductive polymer mate-
rial or nonconductive polymer material. In particular, in case
that the resin as a base member of the collector is formed of
only the nonconductive polymer, the conductive filler
becomes inevitably essential to provide the resin with con-
ductivity. The conductive filler can be used without a particu-
lar limitation as long as it is a material having conductivity.
For example, as a material superior in conductivity, potential
resistance, or lithium ion shielding property, it is possible to
cite metals, conductive carbons, etc. Although the metal is not
particularly limited, it is preferable to contain at least one
metal selected from the group consisting of Ni, Ti, Al, Cu, Pt,
Fe, Cr, Sn, Zn, In, Sb, and K, or an alloy or metal oxide
containing these metals. Furthermore, although the conduc-
tive carbon is not particularly limited, it is preferable to con-
tain at least one selected from the group consisting of acety-
lene black, Vulcan, black pearl, carbon nanofiber, ketjen
black, carbon nanotube, carbon nanohorn, carbon nanobal-
loon, and fullerene. The amount of the conductive filler to be
added is not particularly limited as long as it is the amount
capable of providing the collector with a sufficient conduc-
tivity. In general, it is around 5-35 mass %.

[0095] The size of the collector is determined depending on
the use of the battery. For example, if it is used for a large size
battery in which a high energy density is required, a collector
with a large area is used.

[0096] The thickness of the collector is preferably 1-100
um, more preferably 3-80 pm, still more preferably 5-40 pm.
Since the after-mentioned self-supporting electrode can be
formed into a thin film, it is preferably 1-18 pm, more pref-
erably 2-15 um, still more preferably 3-13 um. Upon making
a self-supporting electrode, this can be produced without
going through conventional coating and drying steps. There-
fore, in case that a metal vapor deposited layer, a metal plating
layer, a conductive primer layer or a metal wiring, which does
not require going through conventional coating and drying
steps, is used for the collector, it is not required to have a
tensile strength required for the coating and drying steps.
With this, according to need, it is possible to make the col-
lector thin in thickness, thereby improving flexibility in
designing the collector and contributing to making the elec-
trode and by extension the battery light in weight.

[0097] In the case of using a punched metal sheet or an
expanded metal sheet, which has a plurality of through holes,
as the collector, it is possible to cite rectangle, rhombus,
honeycomb shape, hexagonal shape, round shape, square
shape, star shape, cruciform, etc. The formation of many
holes of such predetermined shape by pressing to have, for
example, a staggered arrangement or a parallel arrangement
results in a so-called punched metal sheet, etc. Furthermore,
the formation of many, substantially diamond-shaped,
through holes by expanding a sheet having staggered cuts
results in a so-called expanded metal sheet, etc.

[0098] In the case of using the above-mentioned collector
having a plurality of through holes as the collector, opening
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ratio of the through holes of the collector is not particularly
limited. A rough estimate of the lower limit of the opening
ratio of the collector is preferably 10 areal % or greater, more
preferably 30 areal % or greater, still more preferably 50 areal
% or greater, still more preferably 70 areal % or greater, still
more preferably 90 areal % or greater. In this way, in the
electrode of the present embodiment, it is also possible to use
a collector having an opening ratio of 90 areal % or greater.
The upper limit is, for example, 99 areal % or less, or 97 areal
% or less. In this way, laminated-structure battery 10
equipped with an electrode formed to have a collector having
a significantly large opening ratio can significantly be
reduced in its weight and by extension can be increased in
capacity to have a high density.

[0099] In the case of using the above-mentioned collector
having a plurality of through holes as the collector, the hole
diameter (opening diameter) of the through holes of the col-
lector is similarly not particularly limited, either. A rough
estimate of the lower limit of the opening diameter of the
collector is preferably 10 pm or greater, more preferably 20
wm or greater, still more preferably 50 um or greater, particu-
larly preferably 150 pm or greater. The upper limit is, for
example, around 300 pum or less, preferably 200 pm or less.
The opening diameter mentioned herein refers to the diameter
of a circumscribed circle of the through hole or opening
portion. The diameter of the circumscribed circle is the aver-
age of those by observing the surface of the collector with a
laser microscope, a tool maker’s microscope or the like and
fitting the circumscribed circles onto the opening portions.
[0100] (2) Electrodes (Cathode and Anode) and Electrode
Active Material Layer

[0101] The cathode and the anode have a function to gen-
erate electrical energy by the transfer of lithium ions. The
cathode necessarily contains a cathode active material. The
anode necessarily contains an anode active material.

[0102] In the case of the laminated-structure battery, these
electrode structures have a structure in which an active mate-
rial layer containing an active material is formed on the sur-
face of the collector as in the configuration of FIG. 1. On the
other hand, the electrode (bipolar electrode) in the case of a
bipolar secondary battery has a structure in which a cathode
active material layer containing a cathode active material is
formed on one surface of a collector, and an anode active
material layer containing an anode active material is formed
on the other surface. That is, it has a configuration in which
the cathode (cathode active material layer) and the anode
(anode active material layer) have been integrated with each
other with an interposal of the collector. According to need,
the active material layer may contain conductive assistant,
binder, and additives, such as electrolyte salt (lithium salt)
and ion conductive polymer, besides the active material.
[0103] (2a) Cathode Active Material

[0104] As the cathode active material, it is possible to use
one publicly known hitherto.

[0105] As the cathode active material, it is possible to cite,
for example, lithium-transition metal complex oxides, such
as LiMn,O,, LiCoO,, LiNiO,, Li(Ni, Co, Mn)O,, Li,MnO;,
Li,MnO,—LiMO, series (M=Co, Ni, etc.) solid solutions
and those in which these transition metals have partly been
replaced with other elements, lithium-transition metal phos-
phorus compounds, lithium-transition metal sulfuric acid
compounds, etc. In some cases, it is optional to use at least
two types of cathode active materials. Preferably, from the
viewpoint of capacity and output characteristics, a lithium-
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transition metal complex oxide is used as the cathode active
material. It is needless to say that cathode active materials
other than the above may be used.

[0106] In particular, in the present embodiment, they can
preferably be applied to cathode active materials in which, as
mentioned above, due to the temperature dependency, battery
characteristics are accompanied with a large unevenness
under a heat-receiving condition caused by heat generation.
Specifically, they are cathode active materials having a (clos-
est packing) layered rock-salt structure (rock-salt layered
structure), such as LiNiO,, those formed by partly replacing
Ni of LiNiO, with other elements such as Co and Al, LiCoO,,
Li(Ni, Co, Mn)O, (referred to as LiNi,Co,Mn,O,; x+y+z=1,
etc., t0o), Li,MnO;, and Li,MnO,—LiMO, series (M=Co,
Ni, etc.) solid solutions.

[0107] FIG. 3 is a schematic graph showing the cathode
capacity change using cathode active materials having tem-
perature dependency and a cathode active material having no
temperature dependency.

[0108] As shown in FIG. 3, of cathode active materials,
lithium manganate (LiMn,0,) is understood that there is no
change in capacity fluctuation percentage to the change of
cell temperature, resulting in no temperature dependence.
That is, LiMn,O, has no temperature dependency, but is low
in energy density. In such cathode active material, battery
characteristics are not accompanied with a large unevenness
under a heat-receiving condition caused by heat generation.
However, laminated-structure batteries, particularly on-ve-
hicle batteries, due to their large size, cause a large tempera-
ture difference between the lamination inside (inner side in
the direction of lamination) and the outside (outer side in the
direction of lamination), in contrast with small-size batteries
of winding structure, etc. generally used for cellular phones
and mobile personal computers. Therefore, the battery struc-
ture of the present embodiment is effectively capable of
becoming a means for a cathode active material having no
temperature dependency.

[0109] On the other hand, of the cathode active materials
shown in FIG. 3, in Li(Ni, Co, A1)O,, which has been formed
by partly replacing Ni with Al, Co, etc., and lithium nickel-
cobalt-manganese oxide Li(Ni, Co, Mn)O,, the change (in-
crease) of the capacity fluctuation percentage is in direct
proportion to the change (increase) of the cell temperature.
Such cathode active material having temperature dependency
has a layered rock-salt structure, and the battery characteris-
tics are accompanied with a large unevenness under a heat-
receiving condition caused by heat generation at the time of
charge and discharge. As a result, the temperature difference
is more actualized by the addition of the temperature differ-
ence due to the battery temperature dependency between the
inner side and the outer side too, in addition to a large tem-
perature difference due to the lamination structure between
the lamination inside (inner side in the direction of lamina-
tion) and the outside (end portion; outer side in the direction
of lamination). Therefore, the structure of the present
embodiment is above all effectively capable of becoming a
means for a cathode active material having temperature
dependency. Furthermore, cathode active materials high in
energy density, such as Li(Ni, Co, Al)O,, Li(Ni, Co, Mn)O,,
LiNiO,, and Li,MnO3, tend to make batteries have high
capacities. In the case of using them for on-vehicle batteries,
they are advantageous in terms of being capable of extending
the running distance per one charge.
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[0110] Although the average particle size of the cathode
active material is not particularly limited, but it is preferably
1-25 um from the viewpoint of a higher output.

[0111] The amount of the cathode active material is not
particularly limited. It is in a range of preferably 50-99 mass
%, more preferably 70-97%, still more preferably 80-96%,
relative to the total amount of the raw materials for forming
the cathode active material layer.

[0112] (2b) Anode Active Material

[0113] The anode active material has a composition
capable of releasing lithium ions at the time of discharge and
occluding lithium ions at the time of charge. The anode active
material is not particularly limited, as long as it is one capable
of reversibly occluding and releasing lithium. As examples of
the anode active material, it is possible to preferably cite
metals, such as Siand Sn, or metal oxides, such as TiO, Ti,O;,
TiO,, or SiO,, SiO and SnO,, complex oxides of lithium and
transition metals, such as Li, ;Tis 30, or Li;MnN, Li—Pb
series alloys, Li—Al series alloys, Li, or carbon materials,
such as natural graphite, artificial graphite, carbon black,
activated carbon, carbon fiber, coke, soft carbon, or hard
carbon. Of these, the use of an element that forms an alloy
with lithium makes it possible to obtain a battery of a high
capacity and superior output characteristics, which has a
higher energy density as compared with conventional carbon
series materials. The anode active material may be used alone,
or may be used in the form of a mixture of at least two types.
Although the element for forming an alloy with lithium is not
limited to the following, but it is possible to specifically cite
Si, Ge, Sn, Pb, Al, In, Zn, H, Ca, Sr, Ba, Ru, Rh, Ir, Pd, Pt, Ag,
Au, Cd, Hg, Ga, T1, C, N, Sb, Bi, O, S, Se, Te, Cl, etc.
[0114] Of the above active materials, it is preferable to
contain a carbon material and/or at least one element selected
from the group consisting of Si, Ge, Sn, Pb, Al, In, and Zn. It
is more preferable to contain a carbon material, Si, or Sn
element. Of carbon materials, it is more preferable to use
graphite that is lower than lithium in discharge potential.
[0115] When using the above anode active material as an
anode, the anode active material layer containing an anode
active material may be formed into a plate shape, and may be
used as the anode as it is. It is optional to form an anode active
material layer containing the above-mentioned anode active
material on the surface of the collector to be used as an anode.
Although the average particle size of the anode active mate-
rial particles in the latter configuration is not particularly
limited, it is preferably 1-100 pm from the viewpoint of
higher capacity, reactivity and cycle durability of the anode
active material, and more preferably 1-25 um from the view-
point of higher output. If it is in such a range, it is possible in
the secondary battery to suppress the increase of internal
resistance of the battery at the time of charge or discharge
under a high output condition and take out a sufficient current.
In case that the anode active material is in the form of sec-
ondary particles, it is desirable that the average particle size of
primary particles constituting the secondary particles is in a
range of 10 nm to 1 um. In the present embodiment, however,
it is not necessarily limited to the above range. Although it
depends on the production method, it is needless to say that
the anode active material is not limited to those turned to
secondary particles by aggregation, aggregated, etc. As the
particle size of the anode active material and the particle size
of the primary particles, it is possible to use the median size
obtained by using a laser diffraction method. The shape of the
anode active material gains, which can be taken, depends on
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the type, the production method, etc. For example, it is pos-
sible to cite spherical (powdery), platy, needle-like, colum-
nar, square shape, etc., but itis not limited to these. Any shape
is usable with no problem. Preferably, it is desirable to suit-
ably select the optimum shape capable of improving battery
characteristics such as charge and discharge characteristics.

[0116] The amount of the anode active material is not par-
ticularly limited. It is preferably 50-99 mass %, more prefer-
ably 70-97%, still more preferably 80-96%, relative to the
total amount of the raw materials for forming the anode active
material layer.

[0117] (2b) Conductive Assistant

[0118] The conductive assistant is an additive to be mixed
with to improve conductivity of the active material layer. As
the conductive assistant, it is possible to cite carbon powder of
acetylene black, carbon black, ketjen black, graphite, etc.,
various carbon fibers, such as vapor-grown carbon fiber (a
trade name of VGCF), expanded graphite, etc. It is, however,
needless to say that the conductive assistant is not limited to
these. If the active material layer contains a conductive assis-
tant, the electron network in the inside of the active material
layer is effectively formed, thereby contributing to the
improvement of output characteristics of the battery.

[0119] The content of the conductive assistant to be mixed
with the cathode active material layer is 1 mass % or greater,
preferably 1.5 mass % or greater, still more preferably 2 mass
% or greater, relative to the total amount of the raw materials
for forming the cathode active material layer. Furthermore,
the content of the conductive assistant to be mixed with the
cathode active material layer is 10 mass % or less, preferably
5 mass % or less, still more preferably 4 mass % or less,
relative to the total amount of the raw materials for forming
the cathode active material layer. Electron conductivity of the
active material itself is low. The following advantageous
effects are shown by defining within the above range the
mixing ratio (content) of the conductive assistant in the cath-
ode active material layer, which can reduce electrode resis-
tance by the amount of the conductive assistant. That is, it is
possible to show advantageous effects of the present embodi-
ment without interfering with the electrode reaction. Addi-
tionally, it is possible to sufficiently guarantee the electron
conductivity, suppress lowering of the energy density due to
lowering of the electrode density, and by extension try to
improve the energy density due to the improvement of the
electrode density.

[0120] The content of the conductive assistant to be mixed
with the anode active material layer depends on the anode
active material. Therefore, it cannot unambiguously be
defined. In the case of using a carbon material, such as graph-
ite, soft carbon, hard carbon, etc. or a metal material having a
superior electron conductivity of the anode active material
itself, it is not necessary in particular to contain the conduc-
tive assistant in the anode active material layer. Even if con-
taining the conductive assistant, at the most a range of 0.1-1
mass % relative to the total amount of the electrode consti-
tuting materials on the anode side will suffice. On the other
hand, similar to the cathode active material, it is low in elec-
tron conductivity. Therefore, it is possible to reduce the elec-
trode resistance by the amount of the conductive assistant. In
the case of using an anode active material such as lithium
alloy series anode material, lithium-transition metal complex
oxide (e.g., Li,TisO,,), etc., it is desirable that the content is
at the same level as the content of the conductive assistant to
be mixed with the cathode active material layer. That is, it is
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desirable that the content of the conductive assistant to be
mixed with the anode active material layer is also preferably
1-10 mass %, more preferably 2-8 mass %, still more prefer-
ably 3-7 mass %, relative to the total amount of the electrode
constituting materials on the anode side.

[0121] (2c) Binder

[0122] The binder is added for the purpose of maintaining
the electrode structure by binding the structural members in
the active material layer with each other or binding the active
material layer with the collector. The binder is not particularly
limited, as long as it is an insulating material for achieving the
above object and is a material not causing a side reaction
(oxidation-reduction reaction) at the time of charge and dis-
charge. For example, the following materials can be cited. It
is possible to cite thermoplastic polymers, such as polyethyl-
ene (PE), polypropylene (PP), polystyrene (PS), polyethyl-
ene terephthalate (PET), polyether nitrile (PEN), polyacry-
lonitrile (PAN), polyimide (PI), polyamide (PA), polyamide
imide (PAI), cellulose, carboxymethyl cellulose (CMC), eth-
ylene-vinyl acetate copolymer, polyvinyl chloride (PVC),
styrene-butadiene rubber (SBR), isoprene rubber, butadiene
rubber, ethylene-propylene rubber, ethylene-propylene-diene
copolymer, styrene-butadiene-styrene block copolymer and
its hydrogenated product, and styrene-isoprene-styrene block
copolymer and its hydrogenated product, fluororesins, such
as polyvinylidene fluoride (PVdF), polytetrafluoroethylene
(PTFE), tetrafluoroethylene-hexafluoropropylene copolymer
(FEP), tetrafluoroethylene-perfluoroalkyl vinyl ether copoly-
mer (PFA), ethylene-tetrafluoroethylene copolymer (ETFE),
polychlorotrifluoroethylene (PCTFE), ethylene-chlorotrif-
luoroethylene copolymer (ECTFE), and polyvinyl fluoride
(PVF), vinylidene fluoride series fluororubbers, such as
vinylidene fluoride-hexafluoropropylene series fluororubber
(VDF-HFP series fluororubber), vinylidene fluoride-
hexafluoropropylene-tetrafluoroethylene series fluororubber
(VDF-HFP-TFE series fluororubber), vinylidene fluoride-
pentafluoropropylene series fluororubber (VDF-PFP series
fluororubber), vinylidene fluoride-pentafluoropropylene-tet-
rafluoroethylene series fluororubber (VDF-PFP-TFE series
fluororubber), vinylidene fluoride-perfluoromethyl vinyl
ether-tetrafluoroethylene series fluororubber (VDF-PFMVE-
TFE series fluororubber), and vinylidene fluoride-chlorotrif-
luoroethylene series fluororubber (VDC-CTFE series fluo-
rorubber), epoxy resins, acrylic resins, such as polymethyl
acrylate (PMA) and polymethyl methacrylate (PMMA), ara-
mid, polyvinylidene chloride (PVDC), etc. Of these, it is
more preferable to be polyvinylidene fluoride, polyimide,
styrene-butadiene rubber, carboxymethyl cellulose, polypro-
pylene, polytetrafluoroethylene, polyacrylonitrile, or polya-
mide. These preferable binders are superior in heat resistance,
very wide in potential window, and stable against both of the
cathode potential and the anode potential. Therefore, the use
for the active material layer becomes possible. These binders
may be used singly, or at least two of them may be used
together. It is, however, needless to say that the binder is not
limited to these.

[0123] The amount of the binder is not particularly limited,
as long as it is the amount at which the active material, etc. can
be bound. It is preferably 0.5-15 mass %, more preferably
1-10 mass %, relative to the total amount of the raw materials
for forming the electrode active material layer.

[0124] (2d) Electrolyte Salt (Lithium Salt)

[0125] As the electrolyte salt (lithium salt), it is possible to
cite Li(C,FsSO,),N, LiPF,, LiBF,, LiClO,, LiAsFq,
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LiCF;SO0;, etc. Furthermore, it is possible to suitably utilize
electrolyte salts (lithium salts) used for the after-mentioned
electrolyte layer.

[0126] (2e) Ion Conductive Polymer

[0127] As the ion conductive polymer, it is possible to cite,
for example, polyethylene oxide (PEO) series and polypro-
pylene oxide (PPO) series polymers. Furthermore, it is pos-
sible to suitably utilize electrolyte salts (lithium salts) used
for the after-mentioned electrolyte layer.

[0128] (2f) Porous Skeleton Body Used for Self-Support-
ing Electrode
[0129] As the porous skeleton body, nonwoven fabric,

woven fabric, metal foamed body (or metal porous body),
carbon paper, etc. are desirable. Of these, the nonwoven fab-
ric used for the porous skeleton body is formed by stacking
fibers in different directions. A resin material is used in the
nonwoven fabric. It is possible to apply a fiber, such as
polypropylene, polyethylene, polyethylene terephthalate,
cellulose, nylon, EVA resin (ethylene-vinyl acetate copoly-
mer resin), etc. As the porous skeleton body in the forms other
than nonwoven fabric, it is possible to cite resin woven fabric
(resin porous body having regularity), metal foamed body or
metal porous body, carbon paper, etc. Herein, the resin used
for the resin woven fabric can be exemplified by polypropy-
lene, polyethylene, polyethylene terephthalate, EVA resin,
etc., but is not limited at all to these. The metal foamed body
or metal porous body can preferably be exemplified by a
metal foamed body or metal porous body of at least one of Cu,
Ni, Al and Ti, but it is not limited at all to these. Preferably, it
is a metal porous body of at least one of Cu and Al, carbon
paper, polypropylene, polyethylene, or a nonwoven fabric
made of EVA resin.

[0130] The percentage of the porous skeleton body of the
skeleton portion occupying the active material layer is in a
range of 2 volume % or greater, preferably 7 volume % or
greater. On the other hand, the percentage of the porous
skeleton body of the skeleton portion occupying the active
material layer is in a range of 28 volume % or less, preferably
12 volume % or less. If the percentage of the porous skeleton
occupying the active material layer is in the above range, it is
superior in terms of not interfering with the electrode reac-
tions.

[0131] Porosity (percentage of voids) of the porous skel-
eton body is preferably 70% to 98%, more preferably 90 to
95%. If it is within the above range, it is superior in terms of
effectively obtaining the advantageous effect of the invention.
[0132] The void size of the porous skeleton body is desir-
ably around 50 to 100 pum, at which it can sufficiently be filled
with an active material used in the world If it is within the
aboverange, it is superior in terms of effectively obtaining the
advantageous effect of the invention. That is, if the void size
of the porous skeleton body is 100 pum or less, the advanta-
geous effect of the present embodiment is effectively
obtained. If the void size is 50 um or greater, it is superior in
terms of being able to suitably select an appropriate active
material according to its intended use without limitation in
particle size of the active material used.

[0133] It suffices that the thickness of the porous skeleton
body is less than the thickness of the active material layer. It
is normally around 1-120 pum, preferably around 1-20 pm.
[0134] The thickness of each active material layer is not
particularly limited. From the viewpoint of lowering electron
resistance, it is preferable that the thickness of each active
material layer is about 1-120 um.
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[0135] (3) Electrolyte Layer

[0136] The electrolyte layer functions as a partition wall
(spacer) between the cathode and the anode. Furthermore,
together with this, it also has a function of retaining the
electrolyte as a transfer medium of lithium ions between the
cathode and the anode upon charge and discharge.

[0137] The electrolyte constituting the electrolyte layer is
not particularly limited. It is possible to suitably use liquid
electrolyte and polymer electrolyte such as polymer gel elec-
trolyte and polymer solid electrolyte. In each case of liquid
electrolyte and polymer electrolyte such as polymer gel elec-
trolyte and polymer solid electrolyte, it is desirable to use a
separator for the electrolyte layer.

[0138] (3a) Liquid Electrolyte

[0139] The liquid electrolyte is one in which a lithium salt
as the supporting electrolyte is dissolved in solvent. As the
solvent, it is possible to cite, for example, dimethyl carbonate
(DMC), diethyl carbonate (DEC), dipropyl carbonate (DPC),
ethyl methyl carbonate (EMC), methyl propionate (MP),
methyl acetate (MA), methyl formate (MF), 4-methyl diox-
olane (4MeDOL), dioxolane (DOL), 2-methyl tetrahydrofu-
ran (2MeTHF), tetrahydrofuran (THF), dimethoxyethane
(DME), ethylene carbonate (EC), propylene carbonate (PC),
butylene carbonate (BC), y-butyrolactone (GBL), etc. These
solvent may be used singly, or a mixture of at least two of
them may be used. Furthermore, the supporting electrolyte
(lithium salt) is not particularly limited. It is possible to cite
inorganic acid anionic salts, such as LiPF, LiBF,, LiCIO,,
LiAsFg, LiTaFg, LiSbFy, LiAlClL,, Li,B,,Cls,, Lil, LiBr,
LiCl, LiAICI, LiHF, and LiSCN, and organic acid anionic
salts, such as LiCF;SO;, Li(CF5S0,),N, LiBOB (lithium
bis(oxalato)borate), and LiBETI (lithium bis(perfluoroethyl-
enesulfonyl imide); written as Li(C,FsSO,),N, too). These
electrolyte salts may be used singly or in the form of a mixture
of at least two of them.

[0140] On the other hand, the polymer electrolyte is clas-
sified into a gel electrolyte containing an electrolytic solution
and a polymer solid electrolyte containing no electrolytic
solution.

[0141] (3b) Gel Electrolyte

[0142] The gel electrolyte has a structure in which the
above-mentioned liquid electrolyte has been injected into a
matrix polymer containing lithium ion conductivity. As the
matrix polymer having lithium ion conductivity, it is possible
to cite, for example, a polymer having polyethylene oxide in
its main chain or side chain (PEO), a polymer having polypro-
pylene oxide in its main chain or side chain (PPO), polyeth-
ylene glycol (PEG), polyacrylonitrile (PAN), poly-
methacrylic acid ester, polyvinylidene fluoride (PVdF), a
copolymer of polyvinylidene fluoride and hexafluoropropy-
lene (PVAF-HFP), polyacrylonitrile (PAN), poly(methy-
lacrylate) (PMA), poly(methylmethacrylate) (PMMA), etc. It
is also possible to use mixtures, modified bodies, derivatives,
random copolymers, alternating copolymers, graft copoly-
mers, block copolymers, etc. of the above-mentioned poly-
mers, etc. Of these, it is desirable to use PEO, PPO and their
copolymers, PVdF, and PVAF-HFP. In such matric polymers,
the electrolyte salts, such as lithium salts, can be well dis-
solved.

[0143] (3c) Polymer Solid Electrolyte

[0144] The polymer solid electrolyte has a structure in
which the electrolyte salt (lithium salt) is dissolved in the
above-mentioned matrix polymer and contains no organic
solvent. Therefore, in case that the electrolyte layer is consti-
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tuted of a polymer solid electrolyte, there is no fear of liquid
leakage from the battery, thereby improving credibility of the
battery.

[0145] The matrix polymer of polymer gel electrolyte or
polymer solid electrolyte can show a superior mechanical
strength by forming a crosslinked structure. To form a
crosslinked structure, it suffices to conduct a polymerization
treatment, such as heat polymerization, ultraviolet polymer-
ization, radiation polymerization and electron beam polymer-
ization, on a polymerizable polymer (e.g., PEO and PPO) for
forming the polymer electrolyte by using an appropriate poly-
merization initiator. The above-mentioned electrolyte may be
contained in the active material layer of the electrode.
[0146] (3d) Separator

[0147] The separator is not particularly limited, and it is
possible to suitably use one publicly known hitherto. It is
possible to cite, for example, a separator of a porous sheet
made of a polymer or fiber, a nonwoven fabric separator, etc.
to absorb and hold the above electrolyte.

[0148] As a separator of a porous sheet made of the above
polymer or fiber, it is possible to use, for example, a
microporous (microporous film). As a specific configuration
of a porous sheet of the polymer or fiber, it is possible to cite,
for example, polyolefins, such as polyethylene (PE) and
polypropylene (PP), a stacked body prepared by stacking
these (e.g., a stacked body having a three-layer structure of
PP/PE/PP), and a microporous (microporous film) separator
made of a hydrocarbon series resin, such as polyimide, ara-
mid, and polyvinylidene fluoride-hexafluoropropylene
(PVdF-HFP), glass fiber, etc.

[0149] The thickness of the microporous (microporous
film) separator depends on its use. Therefore, it cannot unam-
biguously be defined. As one example is shown, it is desirably
4-60 um by a single layer or multilayer in the use of motor-
driving secondary batteries of electric vehicles (EV), hybrid
electric vehicles (HEV), fuel cell vehicles (FCV), etc. It is
desirable that the size of micropores of the microporous (mi-
croporous film) separator is maximum 1 pm or less (normally
a pore size of around tens of nanometers) and that its porosity
(percentage of voids) is 20-80%.

[0150] Astheabove-mentioned nonwoven fabric separator,
those publicly known hitherto, such as cotton, rayon, acetate,
nylon, polyesters, polyolefins, such as PP and PE, polyimide,
and aramid are used singly or in a mixture. Bulk density ofthe
nonwoven fabric should not particularly be limited, as long as
it is possible to obtain sufficient battery characteristics by the
impregnated polymer gel electrolyte.

[0151] Itis preferable that porosity (percentage of voids) of
the nonwoven fabric separator is 45-90%. Furthermore, it
suffices that the thickness of the nonwoven fabric separator is
the same as that of the electrolyte layer. It is preferably 5-200
um, particularly preferably 10-100 um. If the thickness is less
than 5 um, retention of the electrolyte becomes inferior. In
case that it exceeds 200 um, resistance increases.

[0152] (4) Adhesive Layer

[0153] It suffices that the adhesive layer is one that is
bonded to each of the cathode or anode and the separator of
the electrolyte layer and that is provided for the purpose of
preventing short circuit by thermal contraction of the separa-
tor.

[0154] The material used for the adhesive layer is not par-
ticularly limited, as long as it is an insulating material capable
of achieving the above object and is a material not generating
a side reaction (oxidation-reduction reaction) upon charge
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and discharge. For example, the following materials can be
cited. It is possible to cite olefin series resins, such as poly-
ethylene (PE) and polypropylene (PP), thermoplastic poly-
mers, such as polystyrene (PS), polyethylene terephthalate
(PET), polyether nitrile (PEN), polyacrylonitrile (PAN),
polyimide (PI), polyamide (PA), polyamide imide (PAI), cel-
lulose, carboxymethyl cellulose (CMC), ethylene-vinyl
acetate copolymer, polyvinyl chloride (PVC), styrene-buta-
diene rubber (SBR), isoprene rubber, butadiene rubber, eth-
ylene-propylene rubber, ethylene-propylene-diene copoly-
mer, styrene-butadiene-styrene block copolymer and its
hydrogenated product, and styrene-isoprene-styrene block
copolymer and its hydrogenated product, fluororesins, such
as polyvinylidene fluoride (PVdF), polyvinylidene fluoride
(one having carboxyl groups in partial side chains), polyvi-
nylidene fluoride-hexafluoropropylene (PVdAF-HFP), poly-
tetrafluoroethylene (PTFE), tetrafluoroethylene-hexafluoro-

propylene  copolymer  (FEP), tetrafluoroethylene-
perfluoroalkyl vinyl ether copolymer (PFA), ethylene-
tetrafluoroethylene copolymer (ETFE),

polychlorotrifluoroethylene (PCTFE), ethylene-chlorotrif-
luoroethylene copolymer (ECTFE), and polyvinyl fluoride
(PVF), vinylidene fluoride series fluororubbers, such as
vinylidene fluoride-hexafluoropropylene series fluororubber
(VDF-HFP series fluororubber), vinylidene fluoride-
hexafluoropropylene-tetrafluoroethylene series fluororubber
(VDF-HFP-TFE series fluororubber), vinylidene fluoride-
pentafluoropropylene series fluororubber (VDF-PFP series
fluororubber), vinylidene fluoride-pentafluoropropylene-tet-
rafluoroethylene series fluororubber (VDF-PFP-TFE series
fluororubber), vinylidene fluoride-perfluoromethyl vinyl
ether-tetrafluoroethylene series fluororubber (VDF-PFMVE-
TFE series fluororubber), and vinylidene fluoride-chlorotrif-
luoroethylene series fluororubber (VDC-CTFE series fluo-
rorubber), epoxy resins, (meth)acrylic resins, such as
polymethyl acrylate (PMA) and polymethyl methacrylate
(PMMA), aramid, polyvinylidene chloride (PVDC), etc. Of
these, it is more preferable to be polyvinylidene fluoride,
polyimide, styrene-butadiene rubber, carboxymethyl cellu-
lose, polypropylene, polytetrafluoroethylene, polyacryloni-
trile, or polyamide. These preferable materials used for the
adhesive layer are superior in heat resistance, very wide in
potential window, and stable against both of the cathode
potential and the anode potential. Therefore, the use for the
adhesive layer becomes possible. These materials used for the
adhesive layer may be used singly, or at least two of them may
be used together. It is, however, needless to say that the
material used for the adhesive layer is not limited to these. Of
these, for example, polyvinylidene fluoride (PVdF), (meth)
acrylic resins, olefin series resins, etc. are strong in terms of
capability to resist potential of each of the cathode side and
the anode side. Therefore, they are applicable to each of them.
Furthermore, since SBR etc. are strong against the anode
potential, it is preferable to use them on the anode side.
Furthermore, since PTFE, etc. are strong against the cathode
potential, it is preferable to use them on the cathode side.

[0155] 1t is desirable to make the thickness of the adhesive
layer as thin as possible within a range within which the above
object is achievable, in terms of preventing the diffusion
distance of Li ions from becoming long and contributing to
making the battery light in weight. From such viewpoint,
although the thickness of the adhesive layer depends on the
configuration of the adhesive layer, it is a range of 0.1-5 pm,
preferably 1-2 pm, in case that the adhesive layer exists on the
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entire surface of the separator and the electrode. If the thick-
ness of the adhesive layer is 0.1 pm or greater, the production
becomes easy. Therefore, it is preferable. If the thickness of
the adhesive layer is 5 um or less, there is a low risk to have an
adverse effect on the load characteristics of the battery. There-
fore, it is preferable.

[0156] Furthermore, in case that the adhesive portion (ad-
hesive layer) exists in the form of strips or in the form of dots
on the entire surface of the separator and the electrode, the
thickness of the adhesive layer is a range of 0.1-5 pm, pref-
erably 1-2 um, in case that the adhesive layer exists on the
entire surface of the separator and the electrode. If the thick-
ness of the adhesive layer is 0.1 pm or greater, the production
becomes easy. Therefore, it is preferable. If the thickness of
the adhesive layer is 5 um or less, there is a low risk to have an
adverse effect on the load characteristics of the battery. There-
fore, it is preferable.

[0157] Since there is a possibility that the adhesive layer is
brittle and thereby is not neatly peeled off, it is possible to
measure the thickness of the adhesive layer from a sectional
image of SEM (scanning electron microscope) after disas-
sembling the battery and exposing a section.

[0158] Although porosity (hereinafter, referred to as per-
centage of voids, too) of the adhesive layer depends on con-
figuration of the adhesive layer, it is 60% or greater, prefer-
ably 60-90%, in case that the adhesive layer exists on the
entire surface of the separator and the electrode, or in case that
the adhesive portion (adhesive layer) exists thereon in the
form of strips or in the form of dots. Making it 60% or greater
is superior in terms of not preventing Li ions from diffusion.

[0159] Inthe case that the adhesive portion is formed in the
form of dots and that the percentage of the adhesive portion is
very small, it is better that percentage of voids of the adhesive
portion (adhesive layer) is small. It is 10% or less, preferably
0%. This is because a non-adhesive portion with a large
percentage effectively functions as a new electrolytic solution
retaining portion. It suffices to suitably determine percentage
of the resin portion in view of adhesion and battery perfor-
mance in case that percentage of the resin portion is very
small.

[0160] Configuration of the adhesive layer will do as long
as it can achieve the object. For example, (i) the adhesive layer
may exist on the entire surface of the separator and the elec-
trode. In this case, it is necessary that the adhesive portion is
a porous layer to have a liquid retaining space (see the above
percentage of voids). Alternatively, (ii) the adhesive layers
may exist to have intervals therebetween so that the adhesive
portion where the adhesive layer exists and the non-adhesive
portion where the adhesive layer does not exists are formed on
the surface of the separator and the electrode. It is desirable
that the adhesive portions are arranged to keep uniformity on
the surface of the separator and the electrode. In the case of
the above (ii), the non-adhesive portion effectively functions
as a liquid retaining space. Therefore, the adhesive portion
(adhesive layer) may be a porous layer having a liquid retain-
ing space. Alternatively, it may be non-porous one (that is,
porosity (percentage of voids) is 0%) where the liquid retain-
ing space does not exist. In particular, in the case of forming
the adhesive layer in the form of dots (that is, in case that
percentage of the adhesive portion is very small), it is better to
make the adhesive portion non-porous (that is, porosity (per-
centage of voids) is 0%) where the liquid retaining space does
not exist.
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[0161] FIG.4A isaplan view showing a condition in which
an adhesive portion in the form of stripes has been formed on
the surface of the electrode. FIGS. 4B and 4C are plan views
each showing a condition in which an adhesive portion in the
form of dots has been formed on the surface of the electrode.
[0162] Specifically, as shown in (iia) FIG. 4A, adhesive
layers (33a) may exist to have intervals therebetween so that
adhesive layers 33a in the form of strips and the non-adhesive
portion 35 between strip (33a) and strip (33a) are formed on
the surface 31 of the separator and the electrode. As shown in
(iib) FIGS. 4B and 4C, adhesive layers (335) may exist in the
form of dots to have intervals so that adhesive portions 335 in
the form of dots and the non-adhesive portion 35 between dot
(33b) and dot (33b) are formed on the surface 31 of the
separator and the electrode. As an example of (iib), (31) the
adhesive layers may exist to have intervals so that adhesive
portions 335 in the form of dots exist at only for corners of the
surface 31 of the separator and the electrode and that non-
adhesive portion 35 is formed on the surface 31 of the sepa-
rator and the electrode except dots (adhesive portions 335)
(FIG. 4B). Alternatively, (b2) the adhesive layers may exist to
have intervals so that adhesive portions 336 in the form of dots
exist on the surface 31 of the separator and the electrode to
keep uniformity and that non-adhesive portion 35 is formed
on the surface 31 of the separator and the electrode between
dot (33b)and dot (336). For example, the adhesive layers may
exist to have intervals so that adhesive portions 335 in the
form of dots of 12 points in total (3 points broadx4 points
long) exist at regular intervals on the surface 31 of the sepa-
rator and the electrode and that non-adhesive portion 35 is
formed on the surface 31 of the separator and the electrode
except 12 dots (adhesive portions 335) (FIG. 4C). It is, how-
ever, not limited at all to these configurations. Any other
configurations will do, as long as these can achieve the above
object, such as grid pattern, diamond-shape grid pattern, strip
form, ringlike or polygonal pattern such as continuous or
discontinuous circles and ovals, wave pattern, semicircular
pattern, indeterminate pattern, etc.

[0163] Furthermore, it is preferable that softening point of
the adhesive layer is lower than that of the separator. This is
superior in terms of being able to have a sufficient adhesion by
making the surface of the adhesive layer soft while keeping
the shape of the separator. From such viewpoint, it is desirable
that softening point of the adhesive layer on the center side in
the direction of lamination, which is the lowest softening
point, is lower than softening point of the separator. Specifi-
cally, it is preferable that softening point of the adhesive layer
on the center side in the direction of lamination, which is the
lowest softening point, is made to be lower than that of the
separator by 5-10° C.

[0164] Herein, it is possible to determine each of softening
point temperature of the adhesive layer and softening point
temperature of the separator by JIS K7206 as Vicat Softening
Temperature (VST). As summary of JIS K7206 is explained,
atest piece having prescribed dimensions is put into a heating
bath, and temperature of the bath is increased in a condition in
which an edge surface having a certain cross-section (1 mm?
in JIS K7206) is pressed against the center portion. Tempera-
ture when the edge surface sink into the test piece until a
certain depth is defined as Vicat Softening Temperature (unit:
°C.).

[0165] The formation of the adhesive layer is conducted by
previously applying onto the surface of the separator an adhe-
sive slurry (porosity of the adhesive layer is adjustable by
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changing concentration), which has been prepared by dis-
solving an adhesion material for forming the adhesion layer
in asuitable solvent, and then drying to have desired thickness
and shape (the entire surface, in the form of stripes, in the
form of dots, etc.). With this, it is possible to integrate the
separator and the adhesive layer with each other (referred to
as adhesive separator). In the case of forming the adhesive
layer on the cathode or the anode, the advantageous effect of
the present embodiment is the same in either case. In case that
the electrodes have different sizes, it may be advantageous to
form the same on the side of a larger size electrode (normally
on the side of the anode). This is because the opposed elec-
trodes are not brought into contact with each other until the
separator having the same size as that of the larger size elec-
trode becomes smaller than a smaller size electrode by ther-
mal contraction. Similar to a normal separator, this adhesive
separator is sandwiched between the cathode and the anode to
form power generation element 21. Then, power generation
element 21 is subjected to hot pressing in vertical direction by
a hot pressing apparatus to soften the surface portion of the
adhesive layer (adhesive portion) of the adhesive separator.
This creates adhesion property to result in bonding with the
electrodes, too. With this, it is possible to form an adhesion
layer achieving an adhesion between the electrode and the
separator. It is optional to make a resin electrode (one pre-
pared by integrating the electrode and the adhesive layer with
each other) by previously applying an adhesive slurry onto the
electrode (cathode or anode) side. Then, similarly, power
generation element 21 is formed, followed by hot pressing.
With this, it is also possible to form an adhesive layer achiev-
ing an adhesion between the electrode and the separator.

[0166] (5) Collecting Plate (Collecting Tab; Outer Lead)

[0167] Inalithium ion secondary battery, for the purpose of
taking the electric current out of the battery, it is optional to
use collecting plates (collecting tabs) 25, 27. Collecting
plates (collecting tabs) 25, 27 are electrically connected with
collectors 11, 12 and are taken out of a laminated film, etc. as
cladding 29.

[0168] The material for constituting collecting plates 25,27
is not particularly limited. It is possible to use a publicly
known, highly conductive material that has conventionally
been used as a collecting plate for lithium ion secondary
batteries. As the material constituting the collecting plate,
metal materials, such as aluminum, copper, titanium, nickel,
stainless steel (SUS), and alloys of these, are preferable. From
the viewpoints of light weight, corrosion resistance and high
conductivity, aluminum and copper are more preferable, and
aluminum is particularly preferable. It is optional to use the
same material or different materials for cathode collecting
plate (cathode tab) 25 and anode collecting plate (anode tab)
27.

[0169] (5a) Electrodes (Cathode and Anode) Terminal
Lead (Inner Lead)

[0170] In laminated-structure battery 10 shown in FIG. 1,
the collectors may be electrically connected with the collect-
ing plates (collecting tabs) via an anode terminal lead and a
cathode terminal lead (not shown in the drawings), respec-
tively. It is also possible to extend a part of the collector to be
like an electrode terminal lead (inner lead), thereby making a
direct electrical connection with the collecting plate (collect-
ing tab). Therefore, the electrode terminal lead can suitably be
used according to need and can be called an optional consti-
tutional member.
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[0171] As to the material of the anode and cathode terminal
leads, it is possible to use a lead used in publicly-known,
laminated secondary batteries. It is preferable to cover a part
taken out of the battery cladding, with a heat resistant, insu-
lating, heat shrinkable tube, so as not to affect the product (for
example, automotive parts, particularly electronic equip-
ment), for example, by short circuit by a contact with periph-
eral equipment, wiring, etc.

[0172] (6) Battery Cladding

[0173] As the battery cladding, it is possible to use a metal
can casing publicly known hitherto. Besides, it is optional to
use laminated film 29 shown in FIG. 1 as the cladding to
enclose power generation element 21. The laminated film can
be constituted of, for example, a three-layer structure pre-
pared by laminating polypropylene, aluminum and nylon in
this order. By using such laminated film, it is possible to easily
conduct the opening of the cladding, the addition ofa capacity
recovery material, and resealing of the cladding. A laminated
film cladding is desirable from the viewpoints of being supe-
rior in higher output and cooling capacity and being prefer-
ably usable for batteries for large-size equipment for EV and
HEY.

[0174] The above-mentioned laminated-structure lithium
ion secondary battery 10 can be produced by a production
method publicly known hitherto.

[0175] [Appearance Structure of Lithium lon Secondary
Battery]
[0176] FIG. 5 is a perspective view showing an external

appearance of a flat, laminated (laminated structure) lithium
ion secondary battery as a typical embodiment of laminated-
structure batteries.

[0177] As shown in FIG. 5, flat, laminated lithium ion sec-
ondary battery 30 has a rectangular flat shape. Cathode tab 38
and anode tab 39 for taking out the power are drawn from the
bothsides. Power generation element 37 is wrapped in battery
cladding 52 of lithium ion secondary battery 30, and its
periphery is heat sealed. Power generation element 37 is
sealed under condition that cathode tab 38 and anode tab 39
are drawn outward. Herein, power generation element 37
corresponds to power generation element 21 of the above-
explained, laminated lithium ion secondary battery (lami-
nated-structure battery) 10 shown in FIG. 1. Power genera-
tion element 37 is one prepared by laminating a plurality of
single battery layers (single cells) 19 constituted of a cathode,
an electrolyte layer and an anode.

[0178] Furthermore, drawing of tabs 38, 39 shown in FIG.
5 is not particularly limited. It is optional to draw cathode tab
38 and anode tab 39 from the same side. It is optional to
respectively divide cathode tab 38 and anode tab 39 into a
plurality of those and draw them from each side. Thus, it is not
limited to that shown in FIG. 5.

[0179] The above-mentioned lithium ion secondary battery
(laminated-structure battery) 10 can preferably be used for a
vehicle-driving power source and a supplementary power
source, which are required to have high volume energy den-
sity and high volume output density as high capacity power
sources of electric vehicles, hybrid electric vehicles, fuel cell
vehicles, hybrid fuel cell vehicles, etc.

[0180] In the above embodiment, a laminated lithium ion
secondary battery has been shown as an example of the lami-
nated-structure battery. It is, however, not limited to this. It
can be applied to other types of secondary batteries and pri-
mary batteries, too.
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[0181] The above-explained laminated-structure battery of
the present embodiment has the following advantageous
effect.

[0182] In battery 10 of the present embodiment, the A/C
ratio is made to be higher as being closer to the center portion
in the direction of lamination by making the A/C ratio higher
in the center portion than in the end portion in the direction of
lamination. Therefore, the difference between the effective
A/C ratios at the center portion and the end portion in the
direction of lamination is reduced. With this, it is possible to
obtain an even output. As a result, it is possible to prevent the
performance deterioration at an early stage and improve dura-
bility of the battery.

[0183] The following is the advantageous effect by a spe-
cific structure (means) for making the A/C ratio higher in the
center portion than in the end portion in the direction of
lamination.

[0184] (1) The anode charge and discharge capacity is
made higher as being closer to the center portion. Therefore,
the difference between the effective A/C ratios at the center
portion and the end portion in the direction of lamination is
reduced. With this, it is possible to obtain an even output. As
a result, it is possible to obtain the above task (object) and
advantageous effect, such as being able to prevent the perfor-
mance deterioration at an early stage and being able to
improve durability of the battery.

[0185] (2) The cathode charge and discharge capacity is
made lower as being closer to the center portion. Therefore,
the difference between the effective A/C ratios at the center
portion and the end portion in the direction of lamination is
reduced. With this, it is possible to obtain an even output. As
a result, it is possible to obtain the above task (object) and
advantageous effect, such as being able to prevent the perfor-
mance deterioration at an early stage and being able to
improve durability of the battery.

[0186] (3) The proportion of the anode active material’s
mass per unit area is made to be higher as being closer to the
center portion. Therefore, the difference between the effec-
tive A/C ratios at the center portion and the end portion in the
direction of lamination is reduced. With this, it is possible to
obtain an even output. As a result, it is possible to obtain the
above task (object) and advantageous effect, such as being
able to prevent the performance deterioration at an early stage
and being able to improve durability of the battery.

[0187] (4) The proportion of the cathode active material’s
mass per unit area is made to be higher as being closer to the
center. Therefore, the difference between the effective A/C
ratios at the center portion and the end portion in the direction
of lamination is reduced. With this, it is possible to obtain an
even output. As a result, it is possible to obtain the above task
(object) and advantageous effect, such as being able to pre-
vent the performance deterioration at an early stage and being
able to improve durability of the battery.

[0188] (5) The anode electrode density is made to be higher
as being closer to the center portion. Therefore, it is possible
to make the cell thickness equal as a whole even if applying a
greater amount of the anode active material. Furthermore, the
difference between the effective A/C ratios at the center por-
tion and the end portion in the direction of lamination is
reduced. With this, it is possible to obtain an even output. As
a result, it is possible to obtain the above task (object) and
advantageous effect, such as being able to prevent the perfor-
mance deterioration at an early stage and being able to
improve durability of the battery.
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[0189] (5) The cathode electrode density is made to be
higher as being closer to the end portion. Therefore, it is
possible to make the cell thickness equal as a whole even if
applying a greater amount of the cathode active material.
Furthermore, the difference between the effective A/C ratios
at the center portion and the end portion in the direction of
lamination is reduced. With this, it is possible to obtain an
even output. As a result, it is possible to obtain the above task
(object) and advantageous effect, such as being able to pre-
vent the performance deterioration at an early stage and being
able to improve durability of the battery.

[0190] In the above items (5) and (6), the opposed elec-
trodes in each lamination are made to be equal in energy
density (thickness). Therefore, it is possible to make the cell
volume equal even if applying a greater amount of the cathode
or anode active material.

EXAMPLES

[0191] The present invention is explained in more detail by
using the following examples and comparative examples, but
is not limited to only the following examples.

Example 1

1. Preparation of Cathode A

[0192] A cathode slurry was obtained by mixing together
Li(Nij ¢Co, ; Al )O, (average particle size: 10 um) as a
cathode active material, acetylene black as a conductive assis-
tant, and polyvinylidene fluoride (PVDF) as a binder by a
desired mass proportion.

[0193] While conducting viscosity adjustment of the slurry
using NMP (N-methyl-2-pyrrolidone), a coating was con-
ducted on both surfaces of an aluminum foil as the cathode
collector such that the amount of the active material per unit
area became 16 mg/cm> on one surface. After a sufficient
drying, the thickness of the cathode (the total thickness of the
cathode collector and the cathode active material layer (both
surfaces)) was adjusted by using a roll press machine. Herein,
the thickness of the Cathode A was 120 pm.

2. Preparation of Anodes A to C

[0194] An anode slurry was obtained by mixing together as
an anode active material a mixture of a natural graphite (aver-
age particle size: 20 pm) and a natural graphite (average
particle size: 20 pm) with an amorphous coating as shown in
Table 1, and polyvinylidene fluoride (PVDF) as a binder by a
desired mass proportion.

[0195] While conducting viscosity adjustment of the slurry
using NMP (N-methyl-2-pyrrolidone), a coating was con-
ducted on both surfaces of a copper foil as the anode collector
such that the amount of the active material per unit area
became 9.5 mg/cm? on one surface. After a sufficient drying,
the thickness of the anode (the total thickness of the anode
collector and the anode active material layer (both surfaces))
was adjusted by using aroll press machine. Herein, the thick-
nesses of Anodes A, B and C were each 136.3 um.
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TABLE 1

Mixing proportion of natural graphite (with no amorphous coating)

and natural graphite (with amorphous coating) of Anodes A to C

Anode A Anode B Anode C
Natural graphite (with no amorphous 50 20 0
coating) (mass %)
Natural graphite (with amorphous 50 80 100

coating) (mass %)

3. Preparation of a Separator Plus Adhesive Layer A
(Hereinafter Also Referred to Simply as Adhesive
Separator A)

[0196] On the entire surface of a laminated microporous
film of polyethylene and polypropylene, there was formed a
polyvinylidene fluoride layer (melting point: 175° C., soften-
ing point temperature: 110° C.) as the adhesive layer by a
thickness of 2 um (porosity: 65%).

4. Preparation of Single Battery Layer (Singe Cell; a
Condition in which the Electrolyte has not Yet been
Introduced)

[0197] Five layers of single battery layers (single cells; not
including the electrolyte) were prepared by combining struc-
tural members (not including the electrolyte) of single battery
layers (single cells) formed of Cathode A, Anodes A to C, and
Adhesive Separator A of the above items 1-3.

[0198] As to the single battery layers (single cells) of five
layers, the lamination positions (lamination numbers) of
respective single cells, when five layer lamination was used
for the laminated-structure battery, were named 1 to 5 in order
from the bottom step.

[0199] Unless particularly stated, in the present example
and the following examples and comparative examples, each
structural member and composition of the single battery layer
(single cell) were as follows (hereinafter, these values are also
referred to as standard values).

[0200] Cathode; cathode active material:conductive
assistant:binder (mass proportion)=94:3.5:2.5. Porosity
of the cathode active material layer is 30%. The thick-
ness of the aluminum foil of the cathode collector is 20
pm.

[0201] Anode; anode active material:binder (mass pro-
portion)=96:4. Porosity of the anode active material is
25%, and the thickness of the copper foil of the anode
collector is 10 pm.

[0202] Separator; the thickness of the laminated
microporous film of polyethylene and polypropylene is
25 um. Porosity is 55%. Softening point temperature is
120° C.

[0203] Electrolyte; one prepared by adding 1 M LiPF -
containing, mixed solution of EC and DEC (EC:
DEC=5:5 by molar ratio) was used.

[0204] Combination of the electrodes (cathode and anode)
of single battery layers (single cells) of five layers was made
as shown in Table 2. In each of the single battery layers, there
was used Adhesive Separator A.
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TABLE 2
Lamination number 1 2 3 4 5
Cathode A A A A A
Anode A B C B A
A/C ratio 1.1 1.12 1.15 1.12 1.1

[0205] The A/C ratio in the above table represents the dis-
charge A/C ratio. Such A/C ratio was determined from the
discharge capacities of the cathode and the anode upon dis-
charge, when conducted charge and discharge between 4.25
V10 3.0V at 0.2 C rate on the cathode (0.05 C on the anode)
under a storage at 25° C. by assembling a cell to have Li as the
counter electrode relative to each of the cathode and anode. In
the A/C ratios of the following examples and comparative
examples too, the discharge A/C ratio was determined in a
way similar to the above.

[0206] Adhesive Separator A used in each single battery
layer was arranged so that the adhesive layer side was bonded
to the surface of the anode (active material layer) in each
single battery layer (single cell). Bonding (heat seal) was
conducted by hot pressing (heat pressing) upon making a
laminated-structure battery explained by the procedure of the
following item 5.

5. Preparation of Laminated-Structure Battery

[0207] Along with the procedure of the above item 4, a
power generation element was prepared by laminating single
battery layers (single cells) of five layers prepared by cutting
(upon this, the tabs were left by not cutting the same) Cathode
A, Anodes A-C and Adhesive Separator A into a square 20 cm
long and broad, by five layers in the lamination order of Table
2. Then, a power generation element (laminated body) (see
FIG. 1) of a parallel type (internal parallel connection type)
laminated-structure battery was stacked (assembled) by con-
necting together the tabs (collecting tabs each formed by
extending a part of the collector; the thickness of the collect-
ing tabs was the same as that of the collector) of the respective
single battery layers laminated. Then, a power generation
element (laminated body) was prepared by adding a constant
pressure load with heating (by hot pressing) using a heat
pressing apparatus (pressing jig) in the vertical direction of
the power generation element (laminated body) in order to
conduct a heat seal of the adhesive layers of Adhesive Sepa-
rator A. Upon this, the load was set at 10 MPa, the temperature
of the heat pressing apparatus (pressing jig) 95° C., and the
pressing time 5 minutes.

[0208] A laminated-structure battery was prepared by put-
ting the power generation element (laminated body) pre-
pared, into an aluminum laminate cladding, injecting a
desired electrolyte (see composition of the above standard
values), and then vacuum sealing.

Example 2

1. Preparation of Cathodes B to D

[0209] A cathode slurry was obtained by mixing together
Li(Ni,Co,AlL)O, (average particle size: 10 um) as a cathode
active material having a compositional proportion shown in
Table 3, acetylene black as a conductive assistant, and poly-
vinylidene fluoride (PVDF) as a binder by a desired mass
proportion (the above standard values).
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[0210] While conducting viscosity adjustment of the slurry
using NMP (N-methyl-2-pyrrolidone), a coating was con-
ducted on both surfaces of an aluminum foil as the cathode
collector such that the amount of the active material per unit
area became 15.5 mg/cm? on one surface. After a sufficient
drying, the thickness of the cathode (the total thickness of the
cathode collector and the cathode active material layer (both
surfaces)) was adjusted by using a roll press machine. Herein,
the thicknesses of the Cathodes B to D were each 117 um.

TABLE 3

Compositional proportion of cathode active material Li(Ni,Co,AL)O,
of Cathodes Bto D

Compositional Proportion

Cathode B Cathode C  Cathode D

x (Ni compositional proportion) 0.8 0.7 0.65
y (Co compositional proportion) 0.15 0.2 0.2
z (Al compositional proportion) 0.05 0.1 0.15

2. Preparation of Anode D

[0211] An anode slurry was obtained by mixing together a
natural graphite (average particle size: 20 um) as an anode
active material and polyvinylidene fluoride (PVDF) as a
binder by a desired mass proportion (the above standard
values).

[0212] While conducting viscosity adjustment of the slurry
using NMP (N-methyl-2-pyrrolidone), a coating was con-
ducted on both surfaces of a copper foil as the anode collector
such that the amount of the active material per unit area
became 9.5 mg/cm?® on one surface. After a sufficient drying,
the thickness of the anode (the total thickness of the anode
collector and the anode active material layer (both surfaces))
was adjusted by using aroll press machine. Herein, the thick-
ness of Anode D was each 136.3 pm.

3. Preparation of Single Battery Layer (Singe Cell; a
Condition in which the Electrolyte has not Yet been
Introduced)

[0213] Five layers of single battery layers (single cells; not
including the electrolyte) were prepared by combining struc-
tural members (not including the electrolyte) of single battery
layers (single cell) formed of Cathodes B to D of the above
items 1-2, Anode D, and Adhesive Separator A of Example 1.

[0214] As to the single battery layers (single cells) of five
layers, the lamination positions (lamination numbers) of
respective single cells, when five layer lamination was used
for the laminated-structure battery, were named 1 to 5 in order
from the bottom step.

[0215] Unless particularly stated, each structural member
and composition of the single battery layer (single cell) were
similar to the standard values of “4. Preparation of single
battery layer (singe cell; a condition in which the electrolyte
has not yet been introduced)”.

[0216] Combination of the electrodes (cathode and anode)
of single battery layers (single cells) of five layers was made
as shown in Table 4. In each of the single battery layers, there
was used Adhesive Separator A.
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TABLE 4 2. Preparation of Anodes E to G
Lamination number 1 2 3 4 5 [0222] An anode slurry was obtained by mixing a natural
Cathod B c 5 p B graphite (average particle size: 20 um) as an anode active
:no(;: D D D D D material with polyvinylidene fluoride (PVDF) as a binder by
A/C ratio L1 112 1.15 112 1.1 a desired mass proportion (the above standard values).

[0217] Adhesive Separator A used in each single battery
layer was arranged so that the adhesive layer side was bonded
to the surface of the anode (active material layer) in each
single battery layer (single cell). Bonding (heat seal) was
conducted by hot pressing (heat pressing) upon making a
laminated-structure battery explained by the procedure of the
following item 4.

4. Preparation of Laminated-Structure Battery

[0218] Along with the procedure of the above item 3, a
power generation element was prepared by laminating single
battery layers (single cells) of five layers prepared by cutting
(upon this, the tabs were left by not cutting the same) Cath-
odes B-D, Anode D and Adhesive Separator A into a square
20 cm long and broad, by five layers in the lamination order of
Table 4. Then, a power generation element (laminated body)
(see FIG. 1) of a parallel type (internal parallel connection
type) laminated-structure battery was stacked (assembled) by
connecting together the tabs (collecting tabs each formed by
extending a part of the collector; the thickness of the collect-
ing tabs was the same as that of the collector) of the respective
single battery layers laminated. Then, a power generation
element (laminated body) was prepared by adding a constant
pressure load with heating (by hot pressing) using a heat
pressing apparatus (pressing jig) in the vertical direction of
the power generation element (laminated body) in order to
conduct a heat seal of the adhesive layers of Adhesive Sepa-
rator A. Upon this, the load was set at 10 MPa, the temperature
of the heat pressing apparatus (pressing jig) 95° C., and the
pressing time 5 minutes.

[0219] A laminated-structure battery was prepared by put-
ting the power generation element (laminated body) pre-
pared, into an aluminum laminate cladding, injecting a
desired electrolyte (see composition of the above standard
values), and then vacuum sealing.

Example 3

1. Preparation of Cathode E

[0220] A cathode slurry was obtained by mixing together
Li(Ni, sCO, Al ;)O, (average particle size: 10 um) as a
cathode active material, acetylene black as a conductive assis-

[0223] While conducting viscosity adjustment of the slurry
using NMP (N-methyl-2-pyrrolidone), a coating was con-
ducted on both surfaces of a copper foil as the anode collector
such that the amount of the anode active material per unit area
became as shown in Table 5 (mass per unit area of one sur-
face). After a sufficient drying, the thickness of the anode (the
total thickness of the anode collector and the anode active
material layer (both surfaces)) was adjusted by using a roll
press machine. Herein, the thickness of Anode E was 123 pm,
the thickness of Anode F was 130 pm, and the thickness of
Anode G was 136.3 pm.

TABLE 5

Mass per unit area of Anodes E to G (the amount of anode active
material per unit area of both surfaces of Cu foil)

Anode E Anode F Anode G

Mass per unit area (mg/cm?) 8.5 9.0 9.5

3. Preparation of Single Battery Layer (Singe Cell; a
Condition in which the Electrolyte has not Yet been
Introduced)

[0224] Five layers of single battery layers (single cells; not
including the electrolyte) were prepared by combining struc-
tural members (not including the electrolyte) of single battery
layers (single cells) formed of Cathode E and Anodes E to G
of'the above items 1-2, and Adhesive Separator A of Example
1.

[0225] As to the single battery layers (single cells) of five
layers, the lamination positions (lamination numbers) of
respective single cells, when five layer lamination was used
for the laminated-structure battery, were named 1 to 5 in order
from the bottom step.

[0226] Unless particularly stated, each structural member
and composition of the single battery layer (single cell) were
similar to the standard values of “4. Preparation of single
battery layer (singe cell; a condition in which the electrolyte
has not yet been introduced)”.

[0227] Combination of the electrodes (cathode and anode)
of single battery layers (single cells) of five layers was made
as shown in Table 6. In each of the single battery layers, there
was used Adhesive Separator A.

tant binder, and polyvinylidene fluoride (PVDF) as a binder TABLE 6
by a desired mass proportion (the above standard values). —

Lamination number 1 2 3 4 5
[0221] While conducting viscosity adjustment of the slurry
using NMP (N-methyl-2-pyrrolidone), a coating was con- i’;‘;‘;‘iﬂ f: ? (E} ]}f f:
ducted on both surfaces of an aluminum foil as the cathode A/C ratio 1 L12 115 112 11

collector such that the amount of the active material per unit
area became 16 mg/cm?® on one surface. After a sufficient
drying, the thickness of the cathode (the total thickness of the
cathode collector and the cathode active material layer (both
surfaces)) was adjusted by using a roll press machine. Herein,
the thickness of the Cathode E was each 120 pum.

[0228] Adhesive Separator A used in each single battery
layer was arranged so that the adhesive layer side was bonded
to the surface of the anode (active material layer) in each
single battery layer (single cell). Bonding (heat seal) was
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conducted by hot pressing (heat pressing) upon making a
laminated-structure battery explained by the procedure of the
following item 4.

4. Preparation of Laminated-Structure Battery

[0229] Along with the procedure of the above item 3, a
power generation element was prepared by laminating single
battery layers (single cells) of five layers prepared by cutting
(upon this, the tabs were left by not cutting the same) Cathode
E, Anodes E-G and Adhesive Separator A into a square 20 cm
long and broad, by five layers in the lamination order of Table
6. Then, a power generation element (laminated body) (see
FIG. 1) of a parallel type (internal parallel connection type)
laminated-structure battery was stacked (assembled) by con-
necting together the tabs (collecting tabs each formed by
extending a part of the collector; the thickness of the collect-
ing tabs was the same as that of the collector) of the respective
single battery layers laminated. Then, a power generation
element (laminated body) was prepared by adding a constant
pressure load with heating (by hot pressing) using a heat
pressing apparatus (pressing jig) in the vertical direction of
the power generation element (laminated body) in order to
conduct a heat seal of the adhesive layers of Adhesive Sepa-
rator A. Upon this, the load was set at 10 MPa, the temperature
of the heat pressing apparatus (pressing jig) 95° C., and the
pressing time 5 minutes.

[0230] A laminated-structure battery was prepared by put-
ting the power generation element (laminated body) pre-
pared, into an aluminum laminate cladding, injecting a
desired electrolyte (see composition of the above standard
values), and then vacuum sealing.

Example 4

1. Preparation of Cathodes F to H

[0231] A cathode slurry was obtained by mixing together
Li(Ni, ;CO, ;Al, ,)O, (average particle size: 10 pm) as a
cathode active material, acetylene black as a conductive assis-
tant, and polyvinylidene fluoride (PVDF) as a binder by a
desired mass proportion.

[0232] While conducting viscosity adjustment of the slurry
using NMP (N-methyl-2-pyrrolidone), a coating was con-
ducted on both surfaces of an aluminum foil as the cathode
collector as shown in Table 7 (mass per unit area of one
surface). After a sufficient drying, the thickness of the cathode
(the total thickness of the cathode collector and the cathode
active material layer (both surfaces)) was adjusted by using a
roll press machine. Herein, the thickness of Cathode F was
120 pm, the thickness of Cathode G was 117 pm, and the
thickness of Cathode H was 114 pm.

TABLE 7

Mass per unit area of Cathodes F to H (the amount of the active
material per unit area of both surfaces of Al foil)

Cathode F Cathode G Cathode H

Mass per unit area (mg/cm?) 16.0 15.5 15.0

2. Preparation of Anode H

[0233] An anode slurry was obtained by mixing a natural
graphite (average particle size: 20 um) as an anode active
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material with polyvinylidene fluoride (PVDF) as a binder by
a desired mass proportion (the above standard values).
[0234] While conducting viscosity adjustment of the slurry
using NMP (N-methyl-2-pyrrolidone), a coating was con-
ducted on both surfaces of a copper foil as the anode collector
such that the amount of the active material per unit area
became 9.5 mg/cm? on one surface. After a sufficient drying,
the thickness of the anode (the total thickness of the anode
collector and the anode active material layer (both surfaces))
was adjusted by using aroll press machine. Herein, the thick-
ness of Anode H was 136.3 um.

3. Preparation of Single Battery Layer (Singe Cell; a
Condition in which the Electrolyte has not Yet been
Introduced)

[0235] Five layers of single battery layers (single cells; not
including the electrolyte) were prepared by combining struc-
tural members (not including the electrolyte) of single battery
layers (single cells) formed of Cathodes F to H and Anode H
of the above items 1-2, and Adhesive Separator A of Example
1.

[0236] As to the single battery layers (single cells) of five
layers, the lamination positions (lamination numbers) of
respective single cells, when five layer lamination was used
for the laminated-structure battery, were named 1 to 5 in order
from the bottom step.

[0237] Unless particularly stated, each structural member
and composition of the single battery layer (single cell) were
similar to the standard values of “4. Preparation of single
battery layer (singe cell; a condition in which the electrolyte
has not yet been introduced)”.

[0238] Combination of the electrodes (cathode and anode)
of single battery layers (single cells) of five layers was made
as shown in Table 8. In each of the single battery layers, there
was used Adhesive Separator A.

TABLE 8
Lamination number 1 2 3 4 5
Cathode F G H G F
Anode H H H H H
A/C ratio 1.1 1.12 1.15 1.12 1.1

[0239] Adhesive Separator A used in each single battery
layer was arranged so that the adhesive layer side was bonded
to the surface of the anode (active material layer) in each
single battery layer (single cell). Bonding (heat seal) was
conducted by hot pressing (heat pressing) upon making a
laminated-structure battery explained by the procedure of the
following item 4.

4. Preparation of Laminated-Structure Battery

[0240] Along with the procedure of the above item 3, a
power generation element was prepared by laminating single
battery layers (single cells) of five layers prepared by cutting
(upon this, the tabs were left by not cutting the same) Cath-
odes F-H, Anode H and Adhesive Separator A into a square 20
cm long and broad, by five layers in the lamination order of
Table 8. Then, a power generation element (laminated body)
(see FIG. 1) of a parallel type (internal parallel connection
type) laminated-structure battery was stacked (assembled) by
connecting together the tabs (collecting tabs each formed by
extending a part of the collector; the thickness of the collect-
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ing tabs was the same as that of the collector) of the respective
single battery layers laminated. Then, a power generation
element (laminated body) was prepared by adding a constant
pressure load with heating (by hot pressing) using a heat
pressing apparatus (pressing jig) in the vertical direction of
the power generation element (laminated body) in order to
conduct a heat seal of the adhesive layers of Adhesive Sepa-
rator A. Upon this, the load was set at 10 MPa, the temperature
of the heat pressing apparatus (pressing jig) 95° C., and the
pressing time 5 minutes.

[0241] A laminated-structure battery was prepared by put-
ting the power generation element (laminated body) pre-
pared, into an aluminum laminate cladding, injecting a
desired electrolyte (see composition of the above standard
values), and then vacuum sealing.

Example 5

1. Preparation of Cathode I

[0242] A cathode slurry was obtained by mixing together
Li(Ni, ¢CO, ;Al, ,)O, (average particle size: 10 pm) as a
cathode active material, acetylene black as a conductive assis-
tant, and polyvinylidene fluoride (PVDF) as a binder by a
desired mass proportion.

[0243] While conducting viscosity adjustment of the slurry
using NMP (N-methyl-2-pyrrolidone), a coating was con-
ducted on both surfaces of an aluminum foil as the cathode
collector such that the amount of the active material per unit
area became 15.5 mg/cm? on one surface. After a sufficient
drying, the thickness of the cathode (the total thickness of the
cathode collector and the cathode active material layer (both
surfaces)) was adjusted by using a roll press machine such
that the cathode electrode density (mass of the active mate-
rial/volume of the active material in the cathode active mate-
rial layer) became 3.2 g/cm’. Herein, the thickness of the
Cathode I was 117 pum.

2. Preparation of Anodes Ito K

[0244] An anode slurry was obtained by mixing a natural
graphite (average particle size: 20 pm) as an anode active
material with polyvinylidene fluoride (PVDF) as a binder by
a desired mass proportion (the above standard values).

[0245] While conducting viscosity adjustment of the slurry
using NMP (N-methyl-2-pyrrolidone), a coating was con-
ducted on both surfaces of a copper foil as the anode collector
such that the amount of the active material per unit area
(g/cm?) became as shown in Table 9 (mass per unit area of one
surface). After a sufficient drying, the thickness of the anode
(the total thickness of the anode collector and the anode active
material layer (both surfaces)) was adjusted by using a roll
press machine to obtain the respective anode electrode den-
sities (mass of the active material/volume of the active mate-
rial in the anode active material layer) of Table 9. Herein, the
thickness of Anode I was 129.6 pm, the thickness of Anode J
was 129.6 um, and the thickness of Anode K was 129.6 um.
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TABLE 9

Mass per unit area of Anodes I to K (the amount of anode active material
per unit area of both surfaces of Cu foil) and anode electrode density
(mass of anode active material/volume of anode active material in anode
active material layer)

AnodeI  Anode]  Anode K
Mass per unit area (mg/cm?) 8.5 9.0 9.5
Anode electrode density (g/cm®) 14 1.5 1.6

3. Preparation of Single Battery Layer (Singe Cell; a
Condition in which the Electrolyte has not Yet been
Introduced)

[0246] Five layers of single battery layers (single cells; not
including the electrolyte) were prepared by combining struc-
tural members (not including the electrolyte) of single battery
layers (single cells) formed of Cathode I and Anodes I to K of
the above items 1-2, and Adhesive Separator A of Example 1.
[0247] As to the single battery layers (single cells) of five
layers, the lamination positions (lamination numbers) of
respective single cells, when five layer lamination was used
for the laminated-structure battery, were named 1 to 5 in order
from the bottom step.

[0248] Unless particularly stated, each structural member
and composition of the single battery layer (single cell) were
similar to the standard values of “4. Preparation of single
battery layer (singe cell; a condition in which the electrolyte
has not yet been introduced)”.

[0249] Combination of the electrodes (cathode and anode)
of single battery layers (single cells) of five layers was made
as shownin Table 10. In each of the single battery layers, there
was used Adhesive Separator A.

TABLE 10
Lamination number 1 2 3 4 5
Cathode I I I I I
Anode I 7 K J I
A/C ratio 1.1 1.12 1.15 1.12 1.1

[0250] Adhesive Separator A used in each single battery
layer was arranged so that the adhesive layer side was bonded
to the surface of the anode (active material layer) in each
single battery layer (single cell). Bonding (heat seal) was
conducted by hot pressing (heat pressing) upon making a
laminated-structure battery explained by the procedure of the
following item 4.

4. Preparation of Laminated-Structure Battery

[0251] Along with the procedure of the above item 3, a
power generation element was prepared by laminating single
battery layers (single cells) of five layers prepared by cutting
(upon this, the tabs were left by not cutting the same) Cathode
I, Anodes I-K and Adhesive Separator A into a square 20 cm
long and broad, by five layers in the lamination order of Table
10. Then, a power generation element (laminated body) (see
FIG. 1) of a parallel type (internal parallel connection type)
laminated-structure battery was stacked (assembled) by con-
necting together the tabs (collecting tabs each formed by
extending a part of the collector; the thickness of the collect-
ing tabs was the same as that of the collector) of the respective
single battery layers laminated. Then, a power generation
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element (laminated body) was prepared by adding a constant
pressure load with heating (by hot pressing) using a heat
pressing apparatus (pressing jig) in the vertical direction of
the power generation element (laminated body) in order to
conduct a heat seal of the adhesive layers of Adhesive Sepa-
rator A. Upon this, the load was set at 10 MPa, the temperature
of the heat pressing apparatus (pressing jig) 95° C., and the
pressing time 5 minutes.

[0252] A laminated-structure battery was prepared by put-
ting the power generation element (laminated body) pre-
pared, into an aluminum laminate cladding, injecting a
desired electrolyte (see composition of the above standard
values), and then vacuum sealing.

Example 6

1. Preparation of Cathodes J to L

[0253] A cathode slurry was obtained by mixing together
Li(Ni, sCO, Al ;)O, (average particle size: 10 um) as a
cathode active material, acetylene black as a conductive assis-
tant, and polyvinylidene fluoride (PVDF) as a binder by a
desired mass proportion.

[0254] While conducting viscosity adjustment of the slurry
using NMP (N-methyl-2-pyrrolidone), a coating was con-
ducted on both surfaces of an aluminum foil as the cathode
collector such that the amount of the active material per unit
area became as shown in Table 11 (mass per unit area of one
surface). After a sufficient drying, the thickness of the cathode
(the total thickness of the cathode collector and the cathode
active material layer (both surfaces)) was adjusted by using a
roll press machine to obtain the respective cathode electrode
densities (mass of the active material/volume of the active
material in the cathode active material layer) of Table 11.
Herein, the thickness of the Cathode J was 117 um, the thick-
ness of the Cathode K was 117 um, and the thickness of the
Cathode L was 117 pm.

TABLE 11

Mass per unit area of Cathodes T to L (the amount of cathode active
material per unit area of both surfaces of Al foil) and cathode electrode
density (mass of cathode active material/volume of cathode active material
in cathode active material layer)

Cathode J  Cathode K Cathode L
Mass per unit area (mg/cm?) 15 15.5 16
Cathode electrode density (g/cm?) 3.1 3.2 33

2. Preparation of Anode L

[0255] An anode slurry was obtained by mixing a natural
graphite (average particle size: 20 um) as an anode active
material with polyvinylidene fluoride (PVDF) as a binder by
a desired mass proportion (the above standard values).

[0256] While conducting viscosity adjustment of the slurry
using NMP (N-methyl-2-pyrrolidone), a coating was con-
ducted on both surfaces of a copper foil as the anode collector
such that the amount of the active material per unit area
became 9.5 mg/cm?. After a sufficient drying, the thickness of
the anode (the total thickness of the anode collector and the
anode active material layer (both surfaces)) was adjusted by
using a roll press machine such that the anode electrode
density (mass of the active material/volume of the active
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material in the anode active material layer) became 1.5 g/cm”.

Herein, the thickness of Anode L was 136.3 um.

3. Preparation of Single Battery Layer (Singe Cell; a
Condition in which the Electrolyte has not Yet been
Introduced)

[0257] Five layers of single battery layers (single cells; not
including the electrolyte) were prepared by combining struc-
tural members (not including the electrolyte) of single battery
layers (single cells) formed of Cathodes J to L and Anode L of
the above items 1-2, and Adhesive Separator A of Example 1.
[0258] As to the single battery layers (single cells) of five
layers, the lamination positions (lamination numbers) of
respective single cells, when five layer lamination was used
for the laminated-structure battery, were named 1 to 5 in order
from the bottom step.

[0259] Unless particularly stated, each structural member
and composition of the single battery layer (single cell) were
similar to the standard values of “4. Preparation of single
battery layer (singe cell; a condition in which the electrolyte
has not yet been introduced)”.

[0260] Combination of the electrodes (cathode and anode)
of single battery layers (single cells) of five layers was made
as shown in Table 12. In each of the single battery layers, there
was used Adhesive Separator A.

TABLE 12
Lamination number 1 2 3 4 5
Cathode 7 K L K I
Anode L L L L L
A/C ratio 1.1 1.12 1.15 1.12 1.1

[0261] Adhesive Separator A used in each single battery
layer was arranged so that the adhesive layer side was bonded
to the surface of the anode (active material layer) in each
single battery layer (single cell). Bonding (heat seal) was
conducted by hot pressing (heat pressing) upon making a
laminated-structure battery explained by the procedure of the
following item 4.

4. Preparation of Laminated-Structure Battery

[0262] Along with the procedure of the above item 3, a
power generation element was prepared by laminating single
battery layers (single cells) of five layers prepared by cutting
(upon this, the tabs were left by not cutting the same) Cath-
odes J-K, Anode L and Adhesive Separator A into a square 20
cm long and broad, by five layers in the lamination order of
Table 12. Then, a power generation element (laminated body)
(see FIG. 1) of a parallel type (internal parallel connection
type) laminated-structure battery was stacked (assembled) by
connecting together the tabs (collecting tabs each formed by
extending a part of the collector; the thickness of the collect-
ing tabs was the same as that of the collector) of the respective
single battery layers laminated. Then, a power generation
element (laminated body) was prepared by adding a constant
pressure load with heating (by hot pressing) using a heat
pressing apparatus (pressing jig) in the vertical direction of
the power generation element (laminated body) in order to
conduct a heat seal of the adhesive layers of Adhesive Sepa-
rator A. Upon this, the load was set at 10 MPa, the temperature
of the heat pressing apparatus (pressing jig) 95° C., and the
pressing time 5 minutes.

Zhuhai CosMX Battery Co. - EX1010

Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.
[PR2025-00722

Page 28 of 31



US 2015/0017542 A1l

[0263] A laminated-structure battery was prepared by put-
ting the power generation element (laminated body) pre-
pared, into an aluminum laminate cladding, injecting a
desired electrolyte (see composition of the above standard
values), and then vacuum sealing.

Comparative Examples 1 and 2

1. Preparation of Cathodes M to N

[0264] A cathode slurry was obtained by mixing together
Li(Ni, ¢CO, ;Al, ,)O, (average particle size: 10 pm) as a
cathode active material, acetylene black as a conductive assis-
tant, and polyvinylidene fluoride (PVDF) as a binder by a
desired mass proportion.

[0265] While conducting viscosity adjustment of the slurry
using NMP (N-methyl-2-pyrrolidone), a coating was con-
ducted on both surfaces of an aluminum foil as the cathode
collector such that the amount of the active material per unit
area became as shown in Table 13 (mass per unit area of one
surface). After a sufficient drying, the thickness of the cathode
(the total thickness of the cathode collector and the cathode
active material layer (both surfaces)) was adjusted by using a
roll press machine. Herein, the thickness of the Cathode M
was 118.2 pm, and the thickness of the Cathode N was 132.6

wm.

TABLE 13

Mass per unit area of Cathodes M and N (the amount of cathode active
material per unit area of both surfaces of Al foil)

Cathode M Cathode N

Mass per unit area (mg/cm?) 15.7 18

2. Preparation of Anodes M to N

[0266] An anode slurry was obtained by mixing a natural
graphite (average particle size: 20 um) as an anode active
material with polyvinylidene fluoride (PVDF) as a binder by
a desired mass proportion (the above standard values).

[0267] While conducting viscosity adjustment of the slurry
using NMP (N-methyl-2-pyrrolidone), a coating was con-
ducted on both surfaces of a copper foil as the anode collector
such that the amount of the active material per unit area
became as shown in Table 14 (mass per unit area of one
surface). After a sufficient drying, the thickness of the anode
(the total thickness of the anode collector and the anode active
material layer (both surfaces)) was adjusted. Herein, the
thickness of Anode M was 136.3 um, and the thickness of
Anode N was 136.3 pm.

TABLE 14

Mass per unit area of Anodes M and N (the amount of active material per
unit area of both surfaces of Cu foil)

Anode M Anode N

Mass per unit area (mg/cm?) 19 16.5

[0268] 3-1. Preparation of Single Battery Layer (Singe
Cell; a Condition in which the Electrolyte has not Yet been
Introduced) of Comparative Example 1
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[0269] Five layers of single battery layers (single cells; not
including the electrolyte) were prepared by combining struc-
tural members (not including the electrolyte) of single battery
layers (single cells) formed of Cathode M and Anode M of the
above items 1-2, and Adhesive Separator A of Example 1.
[0270] As to the single battery layers (single cells) of five
layers, the lamination positions (lamination numbers) of
respective single cells, when five layer lamination was used
for the laminated-structure battery, were named 1 to 5 in order
from the bottom step.

[0271] Unless particularly stated, each structural member
and composition of the single battery layer (single cell) were
similar to the standard values of “4. Preparation of single
battery layer (singe cell; a condition in which the electrolyte
has not yet been introduced)”.

[0272] Combination of the electrodes (cathode and anode)
of single battery layers (single cells) of five layers was made
as shown in Table 15. In each of the single battery layers, there
was used Adhesive Separator A.

TABLE 15
Lamination number 1 2 3 4 5
Cathode M M M M M
Anode M M M M M
A/C ratio 1.15 1.15 1.15 1.15 1.15

[0273] 3-2. Preparation of Single Battery Layer (Singe
Cell; a Condition in which the Electrolyte has not Yet been
Introduced) of Comparative Example 2

[0274] Five layers of single battery layers (single cells; not
including the electrolyte) were prepared by combining struc-
tural members (not including the electrolyte) of single battery
layers (single cells) formed of Cathode N and Anode N of the
above items 1-2, and Adhesive Separator A of Example 1.
[0275] As to the single battery layers (single cells) of five
layers, the lamination positions (lamination numbers) of
respective single cells, when five layer lamination was used
for the laminated-structure battery, were named 1 to 5 in order
from the bottom step.

[0276] Unless particularly stated, each structural member
and composition of the single battery layer (single cell) were
similar to the standard values of “4. Preparation of single
battery layer (singe cell; a condition in which the electrolyte
has not yet been introduced)”.

[0277] Combination of the electrodes (cathode and anode)
of single battery layers (single cells) of five layers was made
as shown in Table 16. In each of the single battery layers, there
was used Adhesive Separator A.

TABLE 16
Lamination number 1 2 3 4 5
Cathode N N N N N
Anode N N N N N
A/C ratio 1.0 1.0 1.0 1.0 1.0

[0278] Adhesive Separator A used in each single battery
layer of Comparative Examples 1 and 2 was arranged so that
the adhesive layer side was bonded to the surface of the anode
(active material layer) in each single battery layer (single
cell). Bonding (heat seal) was conducted by hot pressing (heat
pressing) upon making a laminated-structure battery
explained by the procedure of the following item 4.
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4. Preparation of Laminated-Structure Battery

[0279] In Comparative Example 1, along with the proce-
dure of the above item 3, a power generation element was
prepared by laminating single battery layers (single cells) of
five layers prepared by cutting (upon this, the tabs were left by
not cutting the same) Cathode M, Anode M and Adhesive
Separator A into a square 20 cm long and broad, by five layers
in the lamination order of Table 15.

[0280] In Comparative Example 2, along with the proce-
dure of the above item 3, a power generation element was
prepared by laminating single battery layers (single cells) of
five layers prepared by cutting (upon this, the tabs were left by
not cutting the same) Cathode N, Anode N and Adhesive
Separator A into a square 20 cm long and broad, by five layers
in the lamination order of Table 16.

[0281] Then, in both of Comparative Examples 1 and 2, a
power generation element (laminated body) (see FIG. 1) of a
parallel type (internal parallel connection type) laminated-
structure battery was stacked (assembled) by connecting
together the tabs (collecting tabs each formed by extending a
part of the collector; the thickness of the collecting tabs was
the same as that of the collector) of the respective single
battery layers laminated. Then, a power generation element
(laminated body) was prepared by adding a constant pressure
load with heating (by hot pressing) using a heat pressing
apparatus (pressing jig) in the vertical direction of the power
generation element (laminated body) in order to conduct a
heat seal of the adhesive layers of Adhesive Separator A.
Upon this, the load was set at 10 MPa, the temperature of the
heat pressing apparatus (pressing jig) 95° C., and the pressing
time 5 minutes.

[0282] In both of Comparative Examples 1 and 2, a lami-
nated-structure battery was prepared by putting the power
generation element (laminated body) prepared, into an alu-
minum laminate cladding, injecting a desired electrolyte (see
composition of the above standard values), and then vacuum
sealing.

[0283] By using the laminated-structure battery prepared
by the above procedure, under a storage at 50° C., a cycle test
(durability test) was conducted. As the cycle condition, it was
conducted 500 cycles between 4.2V t0 3.0V at 1 C rate.
[0284] (Results)

[0285] Capacity retention (%) before and after the durabil-
ity test is shown in the following Table 17.

[0286] Capacity retention (%) is defined as discharge
capacity at 5007 cycle/discharge capacity at 1° cyclex100.
Energy density is defined as [(average cell voltage)x(capacity
per unit weight of the active material)x(the amount of the
active material)/(cell volume)]. Suppose that energy densities
of Examples 5 and 6 and Comparative Example 2 (the same
value in each of them) are 100, the proportions of the energy
densities of other examples and comparative examples are
shown in the following Table 17.

TABLE 17

Capacity retention (500 cyc) Energy density

Example 1 83% 92
Example 2 80% 92
Example 3 80% 93
Example 4 81% 91
Example 5 82% 100
Example 6 80% 100
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TABLE 17-continued

Capacity retention (500 cyc) Energy density

Com. Ex. 1 76% 85
Com. Ex. 2 74% 100
[0287] From the results shown in Table 17, it was possible

to confirm that a capacity retention of 77% or higher (80% to
83%) is secured to improve durability by making a gradation
so that A/C ratio at the center portion in the direction of
lamination is higher than A/C ratio at the end portion. Fur-
thermore, as compared with capacity retentions (74% and
76%) of laminated-structure batteries not having a gradation
in the direction of lamination in terms of A/C ratio in each
single battery layer (single cell) to be laminated like Com-
parative Examples 1-2, it was possible to confirm that dura-
bility improves in laminated-structure batteries of Examples
1-16.

[0288] Furthermore, in Examples 5 and 6, it was possible to
confirm that a high energy density is kept by having a grada-
tion so that the center portion is higher than the end portion in
terms of anode electrode density in the direction of lamina-
tion or that the end portion is higher than the center portion in
terms of cathode electrode density in the direction of lamina-
tion.

[0289] (Method of Confirming A/C Ratio)

1. As to Anode Capacity

[0290] Itis possibleto determine the mass proportion ofthe
anode active material, the binder, etc., which are structural
members of the anode active material layer of each single
battery layer (single cell), and the volume of the anode active
material by checking an amorphous layer (the active material)
on the surface of the anode active material layer by a TEM
(transmission electron microscope). By this, for each single
battery layer (single cell) in the battery, it is possible to
confirm whether or not mass of the anode active material or
the anode electrode density is in a gradation.

[0291] Cells are assembled by using anode of each single
battery layer in the battery obtained by the production step (or
disassembling the battery and taking anode out of each single
battery layer (single cell)) and using Li for the counter elec-
trode. Next, under a storage of these cells at 25° C., a charge
is conducted at 0.05 C rate (or 1 C rate) until a predetermined
upper limit voltage (4.25 V in the case of the above-men-
tioned cycle test) (until the cell turns into a fully charged
condition). With this, it is possible to determine the anode
charge capacity (Ah) for each single battery layer (single cell)
in the battery. (See the method of determining A/C ratio of
Example 1.)

[0292] Next, under a storage of the cell at 25° C., a dis-
charge is conducted until a predetermined lower limit voltage
(3.0 V in the case of the above-mentioned cycle test) (until
reaching a condition in which it is almost impossible to take
the cell capacity out). With this, it is possible to determine the
anode discharge capacity (Ah) for each single battery layer
(single cell) in the battery.

2. As to Cathode Capacity

[0293] The compositional proportion of transition metals
(for example, Ni, Co and Al in the case of the above-men-
tioned Examples) in the cathode active material is checked by
ICP (inductively coupled plasma emission spectrometry) to
determine the volume of the cathode active material per unit
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weight and the mass of the cathode active material. By this,
for each single battery layer (single cell) in the battery, it is
possible to confirm whether or not mass of the cathode active
material or the cathode electrode density is in a gradation.
[0294] Cells are assembled by disassembling the battery
and taking cathode out of each single battery layer (single
cell)) and using Li for the counter electrode. Next, under a
storage at 25° C., a charge is conducted at 0.2 C rate (or 1 C
rate) until a predetermined upper limit voltage (4.25 V in the
case of the above-mentioned cycle test) (until the cell turns
into a fully charged condition). With this, it is possible to
determine the cathode charge capacity (Ah) for each single
battery layer (single cell) in the battery.
[0295] Next, under a storage of the cell at 25° C., a dis-
charge is conducted until a predetermined lower limit voltage
(3.0 V in the case of the above-mentioned cycle test) (until
reaching a condition in which it is almost impossible to take
the cell capacity out). With this, it is possible to determine the
cathode discharge capacity (Ah) for each single battery layer
(single cell) in the battery.
[0296] Furthermore, as is understood from Tables 2, 4, 6, 8,
10 and 12, in the present embodiment, it suffices that the
charge and discharge capacity, the active material’s mass per
unit area, the electrode density, etc. are in a gradation such
that the center portion is higher than the end portion in terms
of A/C ratio in the direction of lamination. It is optional to
have a stepwise gradation such that A/C ratio changes for
every several single cells. For example, in case that single
battery layers (single cells) are laminated by five layers, if the
value of A/C ratio of the single cells is in the order of
A<B<C<D, it contains modes in which A/C ratio changes in
order from the end portion as follows. As A/C ratio changes
for every single cell, it is optional to have a gradation, like
A<B<C>B>A, A<B<D>B>A, A<C<D>C>A, and
B<C<D>C>B. Furthermore, as A/C ratio changes for every
several single cells, it is optional to have a stepwise gradation,
like A=A<B>A=A, A=A<C>A=A, A=A<D>A=A,
B=B<C>B=B, B=B<D>B=B, C=C<D>C=C, A<B=B=B>A,
A<C=C=C>A, A<D=D=D>A, B<C=C=C>B,
B<D=D=D>B, and C<D=D=D>C. It is not limited to these,
as long as it is satisfied that the center portion is higher than
the end portion in terms of A/C ratio of the single cells.

1. A laminated-structure battery comprising:

a cathode, an anode, and an electrolyte layer;

a laminated structure prepared by laminating at least three

layers of single battery layers each of the single battery
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layers prepared by opposing the cathode and the anode
to each other with an interposal of the electrolyte layer;
and

the cathode comprises a cathode active material compris-

ing at least a lithium-transition metal complex, a
lithium-transition metal phosphorus compound or a
lithium-transition metal sulfuric acid compound,
wherein, in a direction of lamination of respective single
battery layers, a center portion is higher than an end
portion in terms of at least one of a charge A/C ratio
(ratio of an anode charge capacity to a cathode charge
capacity and a discharge A/C ratio (ratio of an anode
discharge capacity to a cathode discharge capacity.

2. The laminated-structure battery as claimed in claim 1,
wherein the center portion is higher than the end portion in
terms of at least one of the anode charge capacity and the
anode discharge capacity in the direction of lamination of
respective single battery layers.

3. The laminated-structure battery as claimed in claim 1,
wherein the center portion is lower than the end portion in
terms of at least one of the cathode charge capacity and the
cathode discharge capacity in the direction of lamination of
respective single battery layers.

4. The laminated-structure battery as claimed in claim 1,
wherein the center portion is higher than the end portion in
terms of mass of an anode active material in the direction of
lamination of respective single battery layers.

5. The laminated-structure battery as claimed in claim 1,
wherein the center portion is lower than the end portion in
terms of mass of a cathode active material in the direction of
lamination of respective single battery layers.

6. The laminated-structure battery as claimed in claim 1,
wherein the center portion is higher than the end portion in
terms of an anode electrode density (mass of an active mate-
rial per volume of the active material in an anode active
material layer) in the direction of lamination of respective
single battery layers.

7. The laminated-structure battery as claimed in claim 1,
wherein the center portion is lower than the end portion in
terms of a cathode electrode density (mass of an active mate-
rial per volume of the active material in a cathode active
material layer) in the direction of lamination of respective
single battery layers.
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