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(54) [Title of Invention] LAMINATED BATTERY

(57) [Abstract]  (Revised)

[Problem] To provide a laminated rechargeable lithium ion battery
having excellent durability and heat resistance.

[Resolution Means] A laminated battery having a battery element
formed by laminating, in order, a positive electrode composed of a
positive electrode active material layer formed on a surface of a
current collector, a separator, and a negative electrode composed of a
negative electrode active material layer formed on a surface of a
current collector, wherein at least one of the positive electrode active
material layer and the separator include a heat resistant material. By
disposing a material having high heat resistance in the positive
electrode active material layer and the separator, it is possible to
sufficiently suppress heat generation and temperature increases due
to short circuits and the like.

[Selected Drawing] FIG. 1
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[Scope of Patent Claims]

[Claim 1]

A laminated battery having a battery element formed by laminating, in order, a positive
electrode composed of a positive electrode active material layer formed on a surface of a current
collector, a separator, and a negative electrode composed of a negative electrode active material
layer formed on a surface of a current collector, wherein at least one of the positive electrode
active material layer and the separator include a heat-resistant material.

[Claim 2]

The laminated battery according to claim 1, further comprising a battery element formed by
laminating three or more single cell layers, wherein the positive electrode active material layer
and the separator in at least one of the single cell layers other than the uppermost and lowermost
layers include a heat-resistant material.

[Claim 3]

The laminated battery according to claim 2, further comprising a battery element formed by
laminating three or more single cell layers, wherein the positive electrode active material layer
and the separator in at least the central single cell layer of the battery element include a heat-
resistant material.

[Claim 4]

The laminated battery according to any one of claims 1 to 3, wherein heat resistance of the
positive electrode active material and the separator increases toward the center single cell layer
of the battery element.

[Claim 5]

The laminated battery according to claim 3 or 4, further comprising a battery element formed by
laminating three or more single cell layers, wherein the positive electrode active material layer
and the separator in all single cell layers other than the uppermost and lowermost layers include
a heat-resistant material.

[Claim 6]

The laminated battery according to any one of claims 1 to 5, wherein the heat-resistant material
used in the positive electrode active material layer has a thermal decomposition temperature of
200°C or higher.

[Claim 7]

The laminated battery according to any one of claims 1 to 6, wherein the heat-resistant material
used in the separator has a thermal shrinkage of 0 to 25% in all regions of a temperature range of
100 to 200°C when heated in this temperature range for one hour.

[Claim 8]

The laminated battery according to any one of claims 1 to 7, being a bipolar rechargeable
lithium ion battery.

[Claim 9]

A battery pack using the laminated battery according to any one of claims 1 to 8.

[Claim 10]

A vehicle equipped with the laminated battery according to any one of claims 1 to 8 or the
battery pack according to claim 9 as a motor driving power supply.

[Detailed Description of Invention]

[Technical Field]

[0001]

The present invention relates to a laminated battery, particularly a lithium ion rechargeable
battery. In particular, the present invention relates to a laminated battery, particularly a lithium
ion rechargeable battery, which suppresses battery temperature increase during internal short
circuits and external short circuits and has excellent durability and heat resistance.

[Background Art]
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[0002]

In recent years, hybrid vehicles, electric vehicles, and fuel cell vehicles have been manufactured
and sold from the environmental viewpoint of dealing with air pollution and global warming and
from the viewpoint of fuel efficiency, and new development continues. In these so-called
electric vehicles, it is essential to utilize power supply devices that can be discharged and
charged. However, the heat radiation effect of heat generated in the battery is small in these
large equipment batteries for automobiles, and thus there are problems in that temperature
increase in the battery is intense, and the durability of the battery is markedly reduced due to the
shutdown of the separator, generation of gas due to decomposition of the positive electrode
active material, and increase in resistance caused by increase in the distance between poles due
to gas conversion of the electrolyte solution. Furthermore, the battery temperature increases due
to current flowing into the battery during internal short circuits and external short circuits, and
the temperature inside the battery increases further due to the above-described melting of the
separator and generation of gas from the electrolyte solution and the positive electrode, thus the
problems are further accelerated.

[0003]

In conventional batteries, polyethylene (PE) and polypropylene (PP) microporous films which
can be wound at a low cost are used as separators. These separators have the property of
shrinking at about 150°C when abnormal heat is generated causing a problem of the peripheral
edge part of the electrode being exposed when abnormal heat is generated, which induces short
circuits between electrodes.

[0004]

Furthermore, in conventional wound batteries, strength in order to not to be broken during
winding with respect to the separator is required, and nonwoven fabrics having low tensile
strength cannot be used. Thus, a porous film composed of an organic polymer which includes a
nonwoven fabric sheet and a porous inorganic filler, swells in an electrolyte solution, and can
retain such is proposed as a nonaqueous rechargeable battery separator (for example, see patent
document 1). However, in conventional separators such as the porous films disclosed in the
above patent document 1, the retention performance of the electrolyte solution, short circuit
prevention, mechanical properties, and the like are considered, but there is a risk that they may
shrink when abnormal heat is generated as described above. Note, it is possible to enlarge
conventional PE and PP microporous film separators assuming that they will shrink more than
those previous, but since the coefficient of shrinkage of these separators is large at about 20%,
the energy density of the battery is markedly reduced when using a separator larger than those
previous assuming that shrinkage is greater than those previous.

[0005]

To resolve the foregoing problems, a battery having a separator configured by a fiber aggregate
having a melting point of 150°C or higher has been reported (for example, see patent document
2).

[Patent Document 1] JP 2003-7279 A

[Patent Document 2] JP 2006-59717 A

[Disclosure of Invention]

[Problem to Be Solved by Invention]

[0006]

However, although using a battery having the separator disclosed in patent document 2 prevents
the shrinkage of the separator even if the internal temperature of the battery reaches about
200°C, this does not sufficiently suppress temperature increase itself inside the battery, and in
particular, in large batteries, there are problems in that the constituent members of the separator
are melted due to excessive internal temperature increase, and the electrolyte solution and active
material deteriorate and decompose. In addition to the foregoing problems, phenomena such as
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those described above are exothermic reactions, and thus the foregoing phenomena accelerate
internal temperature increase, causing a vicious cycle. Thus, when the battery taught in patent
document 2 is applied to a large equipment battery for a hybrid vehicle, electric vehicle, or fuel
cell vehicle, battery internal temperature increase cannot be sufficiently suppressed, and the
problem of phenomena such as separator shutdown, generation of gas due to decomposition of
the positive electrode active material, and increase in resistance caused by increase in the
distance between poles due to gas conversion of the electrolyte solution occurring cannot be
avoided. Therefore, the problem of battery durability still remains now.

[0007]

Accordingly, the present invention has been created in consideration of the foregoing
circumstances, and an object thereof is to provide a laminated battery having excellent battery
durability.

[0008]

Another object of the present invention is to provide a laminated battery capable of suppressing
temperature increase due to heat generation during battery internal short circuits and battery
external short circuits and which has excellent battery characteristics.

[Means for Solving Problem]

[0009]

As a result of careful research to resolve the foregoing problems, the present inventors have
learned that by also using a heat-resistant material for the positive electrode active material layer
in addition to the separator among the constituent members of a laminated battery, it is possible
to synergistically suppress battery internal temperature increase, whereby, even when using such
a laminated battery for a large battery such as for a hybrid vehicle or an electric vehicle, it is
possible to effectively suppress excessive internal battery increase, and thus it is possible to
lessen and prevent phenomena such as separator shutdown, generation of gas due to
decomposition of the positive electrode active material, and increase in resistance caused by
increase in the distance between poles due to gas conversion of the electrolyte solution, thereby
completing the present invention.

[0010]

That is, the foregoing object is achieved by a laminated battery having a battery element formed
by laminating, in order, a positive electrode composed of a positive electrode active material
layer formed on a surface of a current collector, a separator, and a negative electrode composed
of a negative electrode active material layer formed on a surface of a current collector, wherein
at least one of the positive electrode active material layer and the separator include a heat-
resistant material.

[Effects of Invention]

[0011]

According to the present invention, by disposing a battery material having high heat resistance
in the positive electrode active material layer and the separator, it is possible to sufficiently
suppress temperature increase due to heat generation during battery internal short circuits and
battery external short circuits Therefore, the laminated battery of the present invention has
excellent durability.

[Best Mode for Carrying Out the Invention]

[0012]

Embodiments of the present invention will be described below.

[0013]

The first of the present invention is a laminated battery having a battery element formed by
laminating, in order, a positive electrode composed of a positive electrode active material layer
formed on a surface of a current collector, a separator, and a negative electrode composed of a
negative electrode active material layer formed on a surface of a current collector, wherein at
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least one of the positive electrode active material layer and the separator include a heat-resistant
material. The present invention is characterized by using a heat-resistant material in both the
positive electrode active material layer and the separator. Thus, by suppressing or preventing
battery internal temperature increase, melting of the constituent members of the separator and
deterioration and decomposition of the electrolyte solution and active materials is effectively
suppressed or prevented. Simultaneously, further acceleration of internal temperature increase
induced by the foregoing phenomena is effectively suppressed or prevented. Accordingly, the
laminated battery of the present invention does not cause excessive battery internal temperature
increase, and thus, even when applied to a large equipment battery for a hybrid vehicle, electric
vehicle, or fuel cell vehicle, battery internal temperature increase is sufficiently suppressed or
prevented, and the phenomena such as separator shutdown, generation of gas due to
decomposition of the positive electrode active material, and increase in resistance caused by
increase in the distance between poles due to gas conversion of the electrolyte solution can be
resolved. Furthermore, the laminated battery of the present invention also effectively suppresses
or prevents battery temperature increase during internal short circuits and external short circuits,
and thus is a battery having excellent durability and heat resistance, and application to large
batteries which have not been capable of conventional application due to the foregoing problems
can be expected.

[0014]

Embodiments of the present invention will be described in detail below using the bipolar
laminated laminate exterior lithium ion rechargeable battery (bipolar battery) of FIG. 1 as an
example. However, the technical scope of the present invention is not limited to such a mode.
[0015]

FIG. 1 is an outline cross section schematically representing the entire structure of the bipolar
battery, which is a favorable embodiment of the laminated battery of the present invention. As
illustrated in FIG. 1, a bipolar battery 10 has a structure in which a substantially rectangular
battery element 21 in which a charge/discharge reaction actually proceeds is sealed inside a
laminate sheet 29 which is an exterior. This battery element 21 has a structure in which a bipolar
electrode in which a positive electrode active material layer 13 and a negative electrode active
material layer 15 are formed on respective surfaces of a current collector 11 is laminated about
an electrolyte layer 17 formed using a separator (in the present Specification, the electrolyte
layer is also called a "separator” to more clearly describe the features of the present invention).
In this case, each bipolar electrode and electrolyte layer 17 are laminated such that the positive
electrode active material layer 13 of one bipolar electrode and the negative electrode active
material layer 15 of another bipolar electrode adjacent to the one bipolar electrode oppose each
other about an electrolyte layer 17.

[0016]

Also, the adjacent positive electrode active material layer 13, separator 17, and negative
electrode active material layer 15 constitute one single cell layer 19. Accordingly, the bipolar
battery 10 can be said to have a configuration in which the single cell layer 19 is formed by
lamination. Furthermore, an insulating layer 31 for insulating between adjacent current
collectors 11 is provided on the outer periphery of the single cell layer 19. Note, either the
positive electrode active material layer 13 (positive electrode side outermost layer current
collector 11a) or the negative electrode active material layer 15 (negative electrode side
outermost layer current collector 11b) is formed only on one side of current collectors positioned
on the outermost layer of the battery element 21 (outermost layer current collectors) (11a, 11b),
and these are included in the "single cell layer" in the present Specification.

[0017]

Additionally, in the bipolar battery 10 illustrated in FIG.1, the positive electrode side outermost
layer current collector 11a is extended to form a positive electrode tab 25 which leads out of the
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laminate sheet 29 which is the exterior. Meanwhile, the negative electrode side outermost layer
current collector 11a is extended to form a negative electrode tab 27, which similarly leads out
of the laminate sheet 29.

[0018]

As illustrated in FIG. 1, the laminated battery of the present invention has a structure formed by
laminating a plurality of the single cell 19 composed of a positive electrode formed from the
positive electrode active material layer 13 on a surface of the current collector 11, a separator 17,
and a negative electrode formed from the negative electrode active material layer 15 on a surface
of the current collector 11, and in the single cell layer 19, a heat-resistant material is used for at
least one positive electrode active material layer and at least one separator. In this case, the
number of laminations of the single cell layer is not particularly limited and is appropriately
selected according to a desired application (for example, an automobile application such as a
hybrid vehicle or an electric vehicle), a desired capacity, and the like. For example, in the case of
an automobile application such as a hybrid vehicle or an electric vehicle, the number of
laminations is usually 1 to 100, preferably 5 to 50, and more preferably 10 to 30. Furthermore,
the positive electrode active material layer in which a heat-resistant material is used (also
referred to as “heat-resistant positive electrode active material layer” in the present
Specification) and the separator in which a heat-resistant material is used (also referred to as
“heat-resistant separator” in the present Specification) may be present in the same single cell
layer or may be present in different single cell layers, preferably present in the same single cell
layer.

[0019]

Moreover, in the laminated battery of the present invention, the respective locations of
disposition of the heat-resistant positive electrode active material layer and the heat-resistant
separator are not particularly limited, but locations which can effectively suppress battery
internal temperature increase, particularly temperature increase due to heat generation during
battery internal short circuits and battery external short circuits are preferable. For example,
when the laminated battery of the present invention has a battery element formed by laminating
three layers or more of each of the positive electrode, the separator, and the negative electrode in
that order, that is, when the laminated battery of the present invention has a battery element
formed by laminating three or more single cell layers, the positive electrode active material layer
and separator in at least one of the single cell layers other than the uppermost and lowermost
layers, that is, at least one positive electrode active material layer other than the uppermost
positive electrode active material layer 13a and at least one separator other than the uppermost
and lowermost layer electrolyte layers (separators) 17a and 17b in FIG. 1, preferably include a
heat-resistant material. Generally, in the battery element constituting the laminated battery, the
battery temperature increases during internal short circuits and external short circuits, but even
in such a case, near the uppermost and lowermost single cell layers, heat is efficiently dissipated
externally via the laminate sheet 29, and heat increase does not regularly occur, but in the single
cell layers near the center, compared to near the uppermost and lowermost layers, heat is more
readily confined in the middle, and heat dissipation less readily occurs. Thus, heat increase is
marked, particularly near the center, Accordingly, by using a heat-resistant material for the
positive electrode active material layer and separator of the single cell layers other than the
uppermost and lowermost layers, dissolution of the constituent members of the separator,
deterioration and decomposition of the electrolyte solution or active material, and further
acceleration of internal temperature increase induced by these phenomena can be effectively
suppressed or prevented. A laminated battery having a structure such as that described above has
improved heat resistance and particularly improved durability during high temperature storage,
which enables the effective suppression or prevention of various problems, such as separator
shutdown, generation of gas due to decomposition of the positive electrode active material, and
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increase in resistance caused by increase in the distance between the electrodes due to gas
conversion of the electrolyte solution; therefore, it is possible to construct a battery having
excellent battery life and excellent battery characteristics.

[0020]

As described above, when using a heat-resistant material for at least one positive electrode
active material layer and at least one separator of a single cell layer other than the uppermost and
lowermost layer, the positions of the positive electrode active material layer and separator using
the heat-resistant material are not particularly limited, but it is preferable that the positive
electrode active material layer and the separator in at least the single cell layer in the center of
the battery element include a heat-resistant material. This is in consideration of heat readily
increasing near the center, and by using a heat-resistant material for the positive electrode active
material layer and separator of the single cell layers near the center, where the heat dissipation
effect is least prominent and temperature is most likely to increase, dissolution of the constituent
members of the separator, deterioration and decomposition of the electrolyte solution or active
material, and further acceleration of internal temperature increase induced by these phenomena
can be more effectively suppressed or prevented. Accordingly, a laminated battery having such a
structure has further improved heat resistance, particularly improved durability during high
temperature storage, and can more effectively suppress battery temperature increase during
internal short circuits and external short circuits. Furthermore, durability during high
temperature storage is particularly improved, which enables the effective suppression or
prevention of various problems, such as separator shutdown, generation of gas due to
decomposition of the positive electrode active material, and increase in resistance caused by
increase in the distance between the electrodes due to gas conversion of the electrolyte solution
Therefore, it is possible to construct a battery having excellent battery life and more excellent
battery characteristics. Note, in the present Specification, “positive electrode active material
layer and separator in the single cell layer(s) in the center of the battery element” means the
positive electrode active material layer and separator of the single cell layer(s) located in the
very center of the thickness direction of the battery element. For example, when the battery
element is composed of five single cell layers, this is the positive electrode active material layer
and separator of the middle single cell layer, that is, the third single cell layer from the
uppermost layer. When the battery element is composed of six single cell layers, the positive
electrode active material layer and separator of the third and fourth single cell layers from the
uppermost layer correspond to the positive electrode active material layer and the separator in
the single cell layer(s) in the center of the battery element.

[0021]

Thus, the heat-resistant material is used at least in the positive electrode active material layer and
separator in the single cell layer in the center of the battery element and is preferably used in the
positive electrode active material layer and separator near this position. More preferably, when
the laminated battery of the present invention is composed of n (n is an integer 5 or higher)
single cell layers or more, the heat-resistant material is preferably used in at least the positive
electrode active material layer and separator of the single cell layers from the n/4th (decimals
rounded up) layer to the 3n/4th (decimals rounded up) layer, more preferably used in at least the
positive electrode active material layer and separator of the single cell layers from the 3n/10th
(decimals rounded up) layer to the 7n/10th (decimals rounded up) layer, and most preferably
used in at least the positive electrode active material layer and separator of the single cell layers
from the 7n/20th (decimals rounded up) layer to the 13n/20th (decimals rounded up) layer.
When using a heat-resistant material for the positive electrode active material layer and
separator at a position where such temperature increase is particularly large, dissolution of the
constituent members of the separator, deterioration and decomposition of the electrolyte solution
or active material, and further acceleration of internal temperature increase induced by these

Page 7 of 70



()
JP 2007-335294 A 2007.12.27

phenomena can be more effectively suppressed or prevented. As a result, a laminated battery
having a structure such as that described above has improved heat resistance and particularly
improved durability during high temperature storage, which enables the effective suppression or
prevention of various problems, such as separator shutdown, generation of gas due to
decomposition of the positive electrode active material, and increase in resistance caused by
increase in the distance between the electrodes due to gas conversion of the electrolyte solution;
therefore, it can form a battery having excellent battery life and excellent battery characteristics.
Note, when there is a plurality of single-battery layers from the n/4th (decimals rounded up)
layer to the 3n/4th (decimals rounded up) layer, the heat-resistant material may be used in all the
positive electrode active material layers and/or separators of the plurality of single cell layers or
may be used in some of the positive electrode active material layers and/or separators of the
plurality of single cell layers, but it is preferably all. Furthermore, in the foregoing case, the heat-
resistant material may be used for the positive electrode active material layer and separator of
the same single cell layer, or may be used for the positive electrode active material layer and
separator of different single cell layers, but it is preferably used for the positive electrode active
material layer and separator of the same single cell layer.

[0022]

Instead of the foregoing or in addition to the foregoing, the heat-resistant material is preferably
disposed in the positive electrode active material layer and separator such that the heat resistance
of the positive electrode active material layer and the separator increases toward the single cell
layer in the center of the battery element. As described above, heat increase occurs in particular
near the center of the battery element, and the uppermost and lowermost layers have a strong
heat dissipation effect, and thus temperature increase decreases in readiness toward the
uppermost and lowermost layers. Therefore, according to a disposition such as that described
above, the heat-resistant material may be disposed proportionately to the readiness of
temperature increase, and thus, by more significantly improving heat resistance of the battery, it
is possible to more effectively suppress dissolution of the constituent members of the separator,
deterioration and decomposition of the electrolyte solution or active material, further
acceleration of internal temperature increase induced by these phenomena, and battery
temperature increase during internal short circuits and external short circuits. As a result, a
laminated battery having a structure such as that described above has improved heat resistance
and particularly improved durability during high temperature storage, which enables the
effective suppression or prevention of various problems, such as separator shutdown, generation
of gas due to decomposition of the positive electrode active material, and increase in resistance
caused by increase in the distance between the electrodes due to gas conversion of the
electrolyte solution. Therefore, the laminated battery of the present invention may be a battery
having excellent battery life and excellent battery characteristics. In this case, the gradient of
each amount of heat-resistant material disposed in the positive electrode active material layer
and the separator may be appropriately set in consideration of readiness of temperature increase
and the like, but, for example, when the battery element is composed of n (n is an integer 5 or
higher) single cell layers or more, the amount of the heat-resistant material is preferably
gradually reduced toward the uppermost and lowermost layers such that, assuming that the heat-
resistant material in the positive electrode active material layer of the center (when n is an odd
number, layer number (n+1)/2; when n is an even number, layer numbers n/2 and (n/2)+1) is
100 parts by mass, the amount added to the positive electrode active material layer in the next
two layers (when n is an odd number, layer numbers [(n+1)/2] -1 and [(n+1)/2] +1; when n is an
even number, layer numbers (n/2)-1 and (n/2)+2) is 50 to 99 parts by mass, more preferably 80
to 90 parts by mass. In this case, when n is an even number, the amounts of heat-resistant
material added to the positive electrode active material layer in layer number n/2 and layer
number (n/2)+1 may each be the same or different amounts, and when they are different, the
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amount of the heat-resistant material may be gradually reduced toward the uppermost and
lowermost layers at ratios such as described above, and even in such cases, the degree of
decrease in the amount of the heat-resistant material added may be the same or different in each
of the vertical directions. Furthermore, regarding the amount of heat-resistant material added to
the separator in the foregoing case, assuming the heat-resistant material in the separator in the
center to be 100 parts by mass, the amount of heat-resistant material is preferably gradually
reduced toward the uppermost and lowermost layers such that the amount added to the separator
in the next two layers (when n is an odd number, layer numbers [(n+1)/2] -1 and [(n+1)/2] +1;
when n is an even number, layer numbers (n/2)-1 and (n/2)+2) is 80 to 99 parts by mass, more
preferably 85 to 99 parts by mass. In this case, when n is an even number, the amounts of heat-
resistant material added to the separator in layer number n/2 and layer number (n/2)+1 may each
be the same or different amounts, and when they are different, the amount of the heat-resistant
material may be gradually reduced toward the uppermost and lowermost layers at ratios such as
described above, and even in such cases, the degree of decrease in the amount of the heat-
resistant material added may be the same or different in each of the vertical directions. In the
foregoing case, for the gradient of the heat-resistant material in the positive electrode active
material layer and the separator, the amount of heat-resistant material added to each of next two
layers is preferably in the foregoing range when assuming the previous two layers to be 100
parts by mass.

[0023]

Alternatively, in the present invention, the positive electrode active material layer and separator
in all battery elements other than the uppermost and lowermost layers also preferably include a
heat-resistant material. As described above, although the heat dissipation effect of the uppermost
and lowermost layers during battery use or short circuits is high due to being near the outside, as
illustrated in FIG. 1, the inside of the battery has little heat dissipation effect, and thus a high
temperature state is maintained, whereby phenomena such as described above occur, and battery
durability deteriorates. However, according to the present invention, when the heat-resistant
material is disposed in the positive electrode active material layer and the separator in all battery
elements other than the uppermost and lowermost layers, battery internal heat increase is
suppressed during the foregoing battery use or short circuits, and thus it is possible to improve
battery durability. Thus, a laminated battery having a structure such as that described above has
improved heat resistance and particularly improved durability during high temperature storage,
which enables the effective suppression or prevention of various problems, such as separator
shutdown, generation of gas due to decomposition of the positive electrode active material, and
increase in resistance caused by increase in the distance between the electrodes due to gas
conversion of the electrolyte solution; therefore, it can form a battery having excellent battery
life and excellent battery characteristics. In this case, the abundance of the heat-resistant material
of each positive electrode active material layer in each single cell layer may be the same amount
or a different amount, but in the latter case, as described above, it is preferable that the heat-
resistant material is disposed such that the heat resistance increases toward the positive electrode
active material layer and the separator in the single cell layer in the center of the battery element,
and an amount that is the same as described above can be applied for the amount of the heat-
resistant material in each layer in this case. Similarly, for the separator as well, the amount of the
heat-resistant material present in the separator of each single cell layer may be the same or
different, and in the latter case, as described above, it is preferable that the heat-resistant material
is disposed such that the heat resistance increases toward the separator in the center of the
battery element, and an amount that is the same as described above can be applied for the
amount of the heat-resistant material in each layer in this case.

[0024]

In the present invention, the heat-resistant material that can be used in the positive electrode
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active material layer, as described above, can suppress or prevent temperature increase inside the
battery. In the present Specification, the heat-resistant material that can be used for the positive
electrode active material layer preferably have a thermal decomposition temperature of 200°C or
higher. In consideration of the effect of suppression of battery temperature increase during
internal short circuits and external short circuits, heat-resistant material that can be used for the
positive electrode active material layer preferably has a thermal decomposition temperature of
200°C or more, preferably 250°C or more, more preferably 300°C or more. When the heat-
resistant material has such a thermal decomposition temperature, even the positive electrode
active material layer near the center, which has a poor heat dissipation effect, can effectively
suppress or prevent temperature increase. Note, in the present Specification, the thermal
decomposition temperature is the value measured for the positive electrode material in a positive
electrode fully charged state and in the presence of an electrolyte solution using DSC
(differential scanning calorimetry: differential scanning calorimetry) and specifically means the
value measured by the following method.

[0025]

<Method for Measuring Thermal Decomposition Temperature>

Prepare a coin cell using a positive electrode (current collector Al foil), an opposite electrode Li
metal, and a 1 M LiPFe/PC+EC electrolyte solution. After preparing the battery, hold in a fully
charged state for 12 hours, and disassemble the cell. After disassembly, peel the foregoing
positive electrode off the current collecting foil, and seal the positive electrode material in an
aluminum can. Measure the thermal decomposition temperature of the foregoing aluminum can
using a differential scanning calorimeter. The measurement conditions are a nitrogen
atmosphere and a temperature increase rate of 10°C/min.

[0026]

As described above, the heat-resistant material that can be used for the positive electrode active
material layer used in the present invention is not particularly limited, provided it has a thermal
decomposition temperature of 200°C or higher and can suppress or prevent temperature increase
inside the battery, but it preferably has the foregoing thermal decomposition temperature and is
more preferably a positive electrode active material layer having the foregoing thermal
decomposition temperature. Specifically, examples include transition metal phosphates such as
LiFePOa4 (thermal decomposition temperature: 400°C or higher), LiIMnPO4 (thermal
decomposition temperature: 400°C or higher), LiNiPO4 (thermal decomposition temperature:
400°C or higher), and LiCoPOu4 (thermal decomposition temperature: 400°C or higher);
transition metal oxides such as LiMn20a (thermal decomposition temperature: 300°C);
composite transition metal oxides such as LiNi13Mn13C01302 (thermal decomposition
temperature: 250°C); and the like. Among these, LiNi1sMn13C01302 and LiFePO4 are
preferably used. These heat-resistant materials may be used alone or in the form of a mixture of
two or more kinds. Furthermore, when a heat-resistant material is used for a plurality of positive
electrode active material layers, the same heat-resistant material or a different heat-resistant
material may be used for each positive electrode active material layer.

[0027]

The compounding amount of the heat-resistant material in the positive electrode active material
layer is not particularly limited, provided that it can suppress or prevent temperature increase
inside the battery such as described above. Generally, the compounding amount of the heat-
resistant material is preferably 10 to 60% by mass with respect to the total amount of material
forming the positive electrode active material layer (expressed as solid content), more preferably
15 to 50% by mass, and most preferably 25 to 45% by mass. Provided that the compounding
amount is within such a range, the heat-resistant material is able to exhibit heat resistance in the
positive electrode active material layer sufficiently. Furthermore, when a heat-resistant material
is used for a plurality of positive electrode active material layers, the same amount of heat-
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resistant material or a different amount of heat-resistant material may be used for each positive
electrode active material layer.

[0028]

In the present invention, possible shapes of the heat-resistant material differ according to the
type, manufacturing methods, and the like thereof, and examples include spherical (powdery),
plate-shaped, needle-shaped, columnar, or angular shapes, but they are not limited thereto, and
any shape may be used without any problem. Preferably, in consideration of the effect of
suppressing and preventing temperature increase inside the battery, it is desirable to select a
suitable shape. Note, when measuring the average particle size of the positive electrode active
material described above, the shape of particles is not uniform, and thus this is expressed as
absolute maximum length, and when sieving, a sieve mesh (mesh through size or mesh pass
size) may be used. Here, absolute maximum length refers to taking the maximum length among
distances between any two points on a contour line of a particle.

[0029]

The size of the heat-resistant material according to the present invention is not particularly
limited, provided that it can suppress or prevent temperature increase inside the battery such as
described above. For example, when the heat-resistant material is granular, in consideration of
the effect of suppressing or preventing temperature increase inside the battery, the average
particle size of the heat-resistant material is preferably in the range of 0.01 to 50 pm, more
preferably 1 to 20 um, but is not necessarily limited to these ranges. Note, when the heat-
resistant material is secondary particles, the average particle size of the primary particles
constituting the secondary particles is not particularly limited, but generally, it is preferably in a
range of 0.01 to 1 pm. However, it depends on the manufacturing method, but it goes without
saying that the heat-resistant material may be converted to secondary particles by aggregation,
clumping, or the like. The average particle size and primary particle size of such positive
electrode active material may, for example, be measured by SEM (scanning electron
microscope) observation or TEM (transmission electron microscope) observation.

[0030]

A preferable method for manufacturing the positive electrode active material layer of the present
invention using a heat-resistant material will be described below. However, the present
invention is not limited to the following method.

[0031]

In addition to the foregoing heat-resistant material (positive electrode active material), the
constituent material of the positive electrode active material layer may contain a conductive
material having electron conductivity, a binder, and the like. The composite oxide of a transition
metal and lithium (lithium-transition metal composite oxide) itself preferably used as the heat-
resistant material does not have electron conductivity, and thus a conductive material having
electron conductivity and a binder are generally used.

[0032]

In the present invention, in addition to the foregoing heat-resistant material, a generally used,
known positive electrode active material may be used in conjunction to manufacture the positive
electrode active material layer By using such in conjunction, it is possible to improve reactivity,
increase capacity, and the like. The mixing ratio of the other positive electrode active material in
such a case is preferably such that the heat resistance of the positive electrode active material
layer of the present invention is not impaired, and it is usually 50% by mass or less with respect
to the total weight (the total weight of the heat-resistant material and the other positive electrode
active material).

[0033]

As described above, the positive electrode active material that can be used when using a heat-
resistant material and a known positive electrode active material is not particularly limited, and a
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positive electrode active material used in conventionally known lithium ion batteries may be
used. Specifically, it may be selectively used among Li metal oxides, such as concurrently using
Li-Co-based composite oxides such as LiCoOz; Li-Ni-based composite oxides such as LiNiOz;
Li-Cr-based oxides such as Li2Cr207 or Li2CrOa; Li-Fe-based composite oxides such as LiFeOz;
sulfate compounds of transition metals and lithium; transition metal oxides and sulfides such as
V205, MnOz, Tisz, M0oSz, and MoOs; PbO2, Ago, and NiOOH; and those in which some of the
transition metals are substituted with other elements, but it is not limited to these materials.
These other positive electrode active materials are materials having excellent reactivity and
cycle durability and low cost. Thus, by using these materials for the electrode, it is possible to
impart excellent output characteristics to the battery. Furthermore, the average particle size of
the other positive electrode active material in the foregoing case depends on the manufacturing
method, but from the viewpoint of capacity increase, reactivity, and cycle durability of the
positive electrode active material, it can be said to be desirable to be in the range of 0.1 to 20
um, but it is not necessarily limited to these ranges. Note, when the positive electrode material is
secondary particles, the average particle size of the primary particles constituting the secondary
particles is not particularly limited, but generally, it is preferably in a range of 0.1 to 5 um.
However, it depends on the manufacturing method, but it goes without saying that the positive
electrode material may be converted to secondary particles by aggregation, clumping, or the
like. The average particle size and primary particle size of such positive electrode active material
may, for example, be measured by SEM (scanning electron microscope) observation or TEM
(transmission electron microscope) observation. Furthermore, the shape of the other positive
electrode active material differs according to the type, manufacturing methods, and the like
thereof, and examples include spherical (powdery), plate-shaped, needle-shaped, columnar, or
angular shapes, but it is not limited thereto, and any shape may be used without any problem.
Preferably, it is desirable to appropriately select a shape optimal for being able to improve
battery characteristics such as charging and discharging characteristics. Note, when measuring
the average particle size of the positive electrode active material described above, the shape of
particles is not uniform, and thus this is expressed as absolute maximum length, and when
sieving, a sieve mesh (mesh through size or mesh pass size) may be used. Here, absolute
maximum length refers to taking the maximum length among distances between any two points
on a contour line of a particle. Furthermore, the density of the other positive electrode active
material is determined by the type (composition), shape (structure), and the like of the positive
electrode active material and may be measured using, for example, a pycnometer.

[0034]

The conductive material that can be used for forming the positive electrode active material layer
according to the present invention is not particularly limited, and a conductive material used in a
conventionally known lithium ion battery may be used. Specifically, examples include acetylene
black, carbon black, graphite, vapor phase grown carbon fiber (VGCF), metal powder materials,
and the like However, it is not limited thereto.

[0035]

The average particle size of the conductive material should not be particularly limited. To
achieve high output and high capacity, it is desirable to set this to 0.1 wm or less. Note, although
the lower limit value is not particularly specified, in light of ease of manufacturing, it is
preferably set to 1 nm or more. From the viewpoint of ease of handling, the range is about 25 to
50 nm. The average particle size of the conductive material may be measured, for example, by
SEM observation or TEM observation. Note, when measuring the average particle size of the
conductive material described above, the shape of particles is not uniform, and thus this is
expressed as absolute maximum length, and when sieving, a sieve mesh (mesh through size or
mesh pass size) may be used. Furthermore, the shape of the conductive material differs
according to the type, manufacturing methods, and the like thereof, and examples include
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spherical (powdery), plate-shaped, needle-shaped, columnar, or angular shapes, but it is not
limited thereto, and any shape may be used without any problem. Preferably, it is desirable to
appropriately select a shape optimal for being able to improve battery characteristics such as
charging and discharging characteristics. Furthermore, the density of the conductive material is
determined by the type (composition), shape (structure), and the like of the conductive material
and may be measured using, for example, a pycnometer

[0036]

The compounding amount of the conductive material with respect to the total amount of the
positive electrode material should be determined to be the active material and conductive
material amounts of the optimum ratio in consideration of the purpose of use of the battery
(emphasis on output, emphasis on energy, or the like) and ionic conductivity.

[0037]

Furthermore, examples of a binder that can be used in forming the positive electrode active
material layer of the present invention include polyvinylidene fluoride (PVdF), SBR, polyimide,
and the like. However, it is not limited thereto. The compounding amount of the binder with
respect to the total amount of the positive electrode material should be determined in
consideration of the purpose of use of the battery (emphasis on output, emphasis on energy, or
the like) and ionic conductivity.

[0038]

A supporting electrolyte salt (lithium salt), a polymer gel electrolyte (host polymer, electrolyte
solution, or the like), and the like for increasing ionic conductivity may be further used for
forming the positive electrode active material layer of the present invention.

[0039]

The foregoing polymer gel electrolyte contains an electrolyte solution used in a conventionally
known nonaqueous electrolyte lithium ion battery in a solid polymer electrolyte having ionic
conductivity and also contains a similar electrolyte solution held in a polymer backbone lacking
lithium ionic conductivity.

[0040]

Here, the electrolyte solution (supporting electrolyte salt and plasticizer) contained in the
polymer gel electrolyte is not particularly limited, and various conventionally known electrolyte
solutions may be appropriately used. For example, that containing at least one type of lithium
salt (supporting electrolyte salt) selected from inorganic acid anionic salts such as LiPFs, LiBFa4,
LiClO4, LiAsFs, LiTaFs, LIAICls, and Li2B10Clio and organic acid anionic salts such as
LiCFsSOs, Li(CF3SO2)2N and Li(C2FsSO2)2N and using a plasticizer such as an aprotic solvent
(organic solvent) of one type or a mixture of two or more types selected from cyclic carbonates
such as propylene carbonate and ethylene carbonate; chain carbonates such as dimethyl
carbonate, methyl ethyl carbonate, and diethyl carbonate; ethers such as tetrahydrofuran, 2-
methyltetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane, and 1,2-dibutoxyethane; lactones
such as y-butyrolactone; nitriles such as acetonitrile; esters such as methyl propionate; amides
such as dimethylformamide; and methyl acetate and methyl formate may be used. However, it is
not limited thereto.

[0041]

Examples of a solid polymer electrolyte having ionic conductivity include known solid polymer
electrolytes such as polyethylene oxide (PEO) and polypropylene oxide (PPO) and copolymers
thereof.

[0042]

Examples of polymers lacking lithium ionic conductivity used in polymer gel electrolytes
include polyvinylidene fluoride (PVdF), polyvinyl chloride (PVVC), polyacrylonitrile (PAN),
polymethyl methacrylate (PMMA), and the like. However, it is not limited thereto. Note, PAN,
PMMA, and the like, if anything, fit into a category having substantially no ionic conductivity,
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and thus they can be used as the foregoing polymer having ionic conductivity, but here they
have been listed as examples of the polymer lacking lithium ionic conductivity used in a
polymer gel electrolyte.

[0043]

For example, inorganic acid anionic salts such as LiPFs, LiBFs, LiClO4, LiAsFs, LiTaFs,
LiAICl4, and Li2B10Clio, organic acid anionic salts such as Li(CF3SO2)2N and Li(C2FsSOz2)2N,
mixtures of these, and the like may be used as the foregoing supporting electrolyte salt for
increasing ionic conductivity. However, it is not limited thereto.

[0044]

The ratio (mass ratio) of the host polymer and the electrolyte solution in the polymer gel
electrolyte may be determined according to the purpose of use or the like and is preferably in the
range of 2:98 to 90:10 but application is possible even when the ratio is out of the range.

[0045]

The compounding amount of the polymer electrolyte (host polymer, electrolyte solution, and the
like), lithium salt, and the like in the positive electrode material of the present invention should
be determined in consideration of the purpose of use of the battery (emphasis on output,
emphasis on energy, and the like) and ionic conductivity.

[0046]

The thickness of the positive electrode active material layer is not particularly limited, but it
should be determined in consideration of the purpose of use of the battery (emphasis on output,
emphasis on energy, or the like) and ionic conductivity. The coating film thickness of a typical
positive electrode active material layer is about 10 to 200 um, and even the present invention is
sufficiently usable even in this range, but to effectively realize the function of the positive
electrode material of the present invention, it is preferably 20 to 150 pm, more preferably 50 to
120 pm. Regarding this, there is competition in improving the amount of energy per unit volume
of general consumer lithium ion batteries, and while the thickness of the electrode active
material layer is tending to become thicker, the electrode current collector and electrolyte layer
having the separator of the present invention are rapidly advancing in the direction of becoming
thinner (advancing in a direction where more active materials are being put in and other
components are being removed), but in the present invention, the thickness of the electrode
active material layer generating heat should also be determined from the viewpoint of providing
a battery also having safety during an abnormality based on these factors.

[0047]

Furthermore, in the present invention, the heat-resistant material that can be used in the
separator, as described above, can suppress or prevent temperature increase inside the battery. In
the present Specification, the heat-resistant material that can be used in the separator preferably
has a thermal shrinkage of 0 to 30% in all regions within a temperature range of 100 to 200°C
when heated for one hour. In consideration of the effect of suppressing battery temperature
increase during internal short circuits and external short circuits, the heat-resistant material that
can be used as the separator has a thermal shrinkage of 0 to 30% in all regions within a
temperature range of 100 to 200°C when heated for one hour and is preferably a material with 0
to 25% 0 to 20%, 0 to 10%, and 0 to 5%, in that order. This is because a heat-resistant material
having such thermal shrinkage can prevent shrinkage during abnormal heat generation to
effectively prevent induction of shorts between electrodes of the battery, and even the separator
near the center, which has a poor heat dissipation effect, can effectively suppress or prevent
temperature increase. Note, in the present Specification, thermal shrinkage means both
longitudinal thermal shrinkage and longitudinal thermal shrinkage when heated in a temperature
range of 100 to 200°C for one hour and specifically means both the longitudinal thermal
shrinkage and longitudinal thermal shrinkage measured by the following method falling within
the foregoing prescribed range.
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[0048]

<Method of Measuring Thermal Shrinkage>

The separator was cut into a 10 cm square, held at predetermined temperatures between 100 to
200°C (100, 120, 150, 180, 200°C) for two hours in a hot air circulation type oven, the separator
was then sufficiently cooled, and the horizontal and vertical dimensions of the separator were
measured. The thermal shrinkage was defined as follows.

[0049]

[Math. 1]

Vertical direction thermal shrinkage [%] = (L% -L1)/L% x 100

Horizontal direction thermal shrinkage [%] = (L% —L2)/L%x 100

[0050]

L is the vertical dimension of the separator before drying; L1 is the vertical dimension of the
separator after drying; L% is the horizontal dimension of the separator before drying; and Lzis
the horizontal dimension of the separator after drying.

[0051]

The heat-resistant material that can be used for the separator used in the present invention is not
particularly limited, provided that it is capable of suppressing or preventing a temperature
increase in the battery as described above, but the heat-resistant material preferably has the
foregoing thermal shrinkage. Examples of this kind of heat-resistant material that can be used
include aramid (thermal shrinkage: 1% or less), polyimide (PI) (thermal shrinkage: 1% or less),
a copolymer of aramid and polyimide (thermal shrinkage: 1% or less), ceramic (thermal
shrinkage: 1% or less), polyethylene terephthalate (PET) (thermal shrinkage: 3%), cellulose
material (thermal shrinkage: 1% or less), and a polyolefin separator such as polyethylene or
polypropylene, in which insulating particles (for example, alumina) are supported (thermal
shrinkage: 1% or less). Among these, aramid and ceramic are preferably used. These heat-
resistant materials may be used alone or in the form of a mixture of two or more kinds.
Furthermore, when a heat-resistant material is used for a plurality of separators, the same or
different heat-resistant materials may be used for each separator.

[0052]

The compounding amount of the heat-resistant material in the separator is not particularly
limited, provided that it is possible to suppress or prevent a temperature increase in the battery as
described above. Generally, the compounding amount of the heat-resistant material is preferably
0.5 to 30% by mass to the total amount of the material forming the separator, more preferably 1
to 20% by mass, and most preferably 2 to 10% by mass. Provided that the compounding amount
is within such a range, the heat-resistant material is able to exhibit sufficient heat resistance in
the separator. When a heat-resistant material is used for a plurality of separators, the amount of
the heat-resistant material used may be the same or different for each separator.

[0053]

The heat-resistant material that can be used for the separator may be used in any form, and the
shape that may be obtained differs depending on the type, the manufacturing method, and the
like thereof. For example, fibrous, spherical (powdery), plate-shaped, needle-shaped, columnar,
or angular shapes are given as non-limiting examples thereof, and any shape may be used
without any problem. The shape is preferably fibrous or spherical (powdery), and fibrous is the
most preferable. A preferable method for manufacturing the separator according to the present
invention from a fiber aggregate using the heat-resistant material is described below. However,
the present invention is not limited to the following method.

[0054]

In the foregoing forms, the fiber aggregate that can be used in the separator is not particularly
limited, but examples include nonwoven fabric, woven fabric, knitted fabric, a combination of
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these, or the like. The form (shape) of the fiber aggregate is not particularly limited, provided
that it is a form (shape) that can be used as a battery separator, and examples include sheet-
shaped, bag-shaped, and the like. That is, a fiber aggregate such as a nonwoven fabric sheet, a
woven fabric sheet, a knitted fabric sheet, a bag-shaped nonwoven fabric (nonwoven fabric bag),
a bag-shaped woven fabric (woven fabric bag), a bag-shaped knitted fabric (knitted fabric bag),
and the like may be used. A nonwoven fabric sheet and a bag-shaped nonwoven fabric
(nonwoven fabric bag) are especially advantageous in that productivity is good and they may be
produced in large quantities at a low cost. In addition to improved handling property, a bag-
shaped nonwoven fabric (nonwoven fabric bag) is excellent in terms of the effect of preventing
displacement between the electrodes and separators of the battery element.

[0055]

In the present invention, in addition to the heat-resistant material, a resin material for a
conventional well-known separator such as polyethylene (PE), polypropylene (PP), polyamide
(nylon) or the like may be used in combination to manufacture the separator. By using these in
combination, chemical reaction stability (reaction inert), chemical resistance, resistance when
potential is applied, mechanical properties, retention performance of the electrolyte solution,
short circuit prevention, and the like required for the material of the separator may be imparted.
The mixing ratio of the other resin materials above in such a case is preferably such that the heat
resistance of the separator according to the present invention is not impaired, and it is usually
50% by mass or less with respect to the total weight (the total weight of the heat-resistant
material and the other resin materials).

[0056]

The thickness of the fiber (fiber diameter) configuring the fiber aggregate is not particularly
limited, provided that the thickness is capable of exhibiting sufficient heat resistance. Generally,
it may be used provided that the thickness of the fiber (fiber diameter) is about 5 to 10 um, but
when the object, in particular, is to contribute to the improvement of battery output by thinning
the film of the separator, it is desirable to use ultrafine fibers having a fiber diameter (¢) of 5 um
or less and more preferably 1 to 5 um. That is, a fiber aggregate such as a nonwoven fabric (¢ 1
pum and about 5 pm thick) thinner than a nonwoven fabric (thickness of 20 um to 30 pm)
produced using conventional fibers (about ¢ 5 pm) may be produced by using ultrafine fibers of
¢ 5 pum or less, and the output of the battery is remarkably improved. Furthermore, a fiber
aggregate may be produced by using ultrafine fibers (for example, polyimide fibers) of ¢ 5 pm
or less and conventional fibers (PE, PP-based fibers) of ¢ 5 um or more, each having different
thicknesses, in an appropriate compounding ratio.

[0057]

The thickness of the separator constituted by the fiber aggregate is determined appropriately
depending on the type, application, and the like of the battery, and should not be limited in
particular, and the fiber aggregate may be used provided that the thickness is 5 to 200 um in
general. Furthermore, 5 to 200 pm, and preferably 20 pm or less, is desirable in the application
of a rechargeable battery for driving a motor or the like, such as electric vehicles (EVs), hybrid
electric vehicles (HEVs), and fuel cell vehicles. When the thickness of the separator is within
such a range, it is possible to suppress increased retention and resistance. Furthermore, there are
effects such as the prevention of short circuits caused by the intrusion of fine particles into the
separator, and the securing of mechanical strength in the thickness direction and high output
performance due to it being desirable to narrow the distance between electrodes for high output.
Furthermore, when connecting a plurality of batteries, since the electrode area is increased, it is
desirable to use a thick separator in the above range to enhance the reliability of the batteries. On
the other hand, by thinning the film of the separator further and narrowing the distance between
electrodes, it is possible to further reduce the resistance therebetween, and in addition, when the
object is to contribute to improving battery output, the thickness of the separator is 20 um or less
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and preferably 10 to 20 um. In such a separator having a thinned film, it was found that when
electrodes have dust or burrs, short circuits are easily induced, but these may be easily and
reliably prevented by brushing the electrode surface. That is, even when a thin film separator is
used, it may be used without problems such shorting due to dust or burrs. Note that although the
lower limit value of the thickness of the separator is not particularly specified, it is desirable to
be about 10 um as described above from the viewpoint of handling. On the other hand, when the
thickness of the separator exceeds 20 pm, the battery output is reduced. However, even if the
thickness exceeds 20 um, there may also be cases where it may be used depending on the
application of the battery as described above.

[0058]

Here, examples of a separator constituted of a fiber aggregate include separators constituted of
various forms (shapes), such as sheet-shaped or bag-shaped, due to fiber aggregates being
processed into various forms (shapes) such as sheet-shaped or the like as exemplified below, but
the separator is not limited in any way to these. Examples include (1) a form wherein a sheet-
shaped fiber aggregate is used as is as a separator, (2) a form wherein two or more sheet-shaped
fiber aggregates are laminated or pasted together and used as a separator, (3) a form wherein two
square sheet-shaped fiber aggregates 101a and 101b are joined at a heat welding point 103 by
heat welding or heat fusing one portion of a peripheral edge portion, for example, only a corner
portion of the four sides thereof (the temperature should be about 400 to 600°C so that the
aramid fiber and the polyimide fiber can be heat fused), and used as a bag-shaped separator, as
illustrated in FIGS. 3A to C, (4) a form wherein the entire peripheral edge portion of three of the
four peripheral edges of two square sheet-shaped fiber aggregates are joined by being pasted
together and heat welded, heat fused, or the like and used as a bag-shaped separator, (5) a form
wherein a fiber aggregate processed into a bag shape is used as is as a bag-shaped separator, or
the like. Note that as illustrated in FIGS. 3A to G, when a separator 101 is made into a bag shape
(see FIGS. 3B and C) and an electrode (a positive electrode or a negative electrode of a non-
bipolar electrode, or a bipolar electrode; FIG. 3D illustrates a positive electrode 109 in which a
positive electrode active material layer 107 is formed on both sides of a current collector 105) is
stored, since the bag-shaped separator 101 is located on both sides of an electrode (positive
electrode or negative electrode of a non-bipolar electrode, or a bipolar electrode) 109 to
sandwich it, the thickness and basis weight of the separator 101 in such a case is applied to each
of separator portions 101a and 101b on one side of the electrode (see FIG. 3G).

[0059]

The basis weight of the separator constituted of the fiber aggregate is one of the physical
properties expressed by the weight per unit area of the separator. The basis weight of such a
separator is not particularly limited, provided that it is within a range that does not affect the
effect of the present invention, which is to prevent shrinkage of the separator when abnormal
heat is generated in a battery, but it is generally desirable to be 10 g/m2. When the basis weight
of the separator exceeds 10 g/m?, the retention performance of the electrolyte solution and gel
electrolyte or solid electrolyte is likely to deteriorate. Note that regarding the basis weight here,
it is not always necessary to satisfy the above numerical values, provided that the separator
thickness and the porosity, to be described below, are satisfied, and the numerical values are
used as a guide.

[0060]

The porosity of the separator constituted of the fiber aggregate is one of the physical properties
indicating how many holes are in the separator. The porosity of such a separator is not
particularly limited, provided that it is within a range that does not affect the effect of the present
invention, which is to prevent shrinkage of the separator when abnormal heat is generated in a
battery, but it is preferably 40% or more from the viewpoint of ionic conductivity. The output of
the battery is improved by using as a separator a fiber aggregate such as a nonwoven fabric
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having large porosity and very low air permeability (=0). Furthermore, provided that the
porosity is within the range above, it has the effect of ensuring both output and reliability due to
the prevention of reduction in output due to resistance of the electrolyte (electrolyte solution)
and prevention of short circuits due to fine particles penetrating the pores (micropores) of the
separator. When the porosity of the separator is less than 40%, the retention performance of the
electrolyte deteriorates, and the retention performance of the electrolyte solution and gel
electrolyte or solid electrolyte and the output of the battery is likely to decrease. Furthermore,
the upper limit of the porosity of the separator is preferably 60% or less from the viewpoint of
short-circuit prevention, mechanical properties, and the like. However, even when the porosity
of the separator falls outside the above range, there may also be cases where it may be used
since sufficient battery output can be obtained depending on the application of the battery, or the
like. Note that the porosity of the separator is a value determined as a volume ratio from the
density of the raw material resin and the density of the separator of the final product.

[0061]

The Gurley value of the separator constituted of the fiber aggregate is one of physical properties
indicating the air permeability of the separator. The Gurley value of such a separator is not
particularly limited, provided that it is within a range that does not affect the effect of the present
invention, which is to prevent shrinkage of the separator when abnormal heat is generated in a
battery, but it is generally desirable to be 10 seconds or less. When the Gurley value of the
separator is high, even if the aforementioned porosity is 40% or more, the movement of ions
may be inhibited due to the complicated shape of the holes, for example, and provided that the
mechanical strength is sufficiently kept at the aforementioned porosity of 60% or less, the lower
limit value is not limited. However, even when the Gurley value of the separator falls outside the
above range, there may also be cases where it may be used depending on the application of the
battery. That is, the current PE or PP porous membrane separator usually has a Gurley value of
about 200 to 300 seconds (however, it depends on the size of the holes of the porous membrane
separator) and low penetration from the viewpoint of mechanical characteristics and short-circuit
prevention. Note that the Gurley value of the separator is based on JIS P 8117, and indicates the
number of seconds that 100 cc of air passes through the film at a pressure of 0.879 g/mm?.
[0062]

The bulk density of the separator constituted of the fiber aggregate (in particular, a nonwoven
fabric separator) does not need to be particularly limited, provided that sufficient battery
characteristics can be obtained by an impregnated electrolyte (liquid electrolyte solution, gel
electrolyte, solid electrolyte). That is, when the bulk density of the nonwoven fabric separator or
the like is too large, the ratio of the non-electrolyte material in the electrolyte layer becomes too
large, and the ionic conductivity and the like in the electrolyte layer is likely to be damaged.
[0063]

The method for manufacturing the fiber aggregate constituting the separator of the present
invention may be a well-known method for manufacturing nonwoven fabric, woven fabric, and
knitted fabric, and for woven and knitted fabrics, a method of weaving or knitting on a loom or
knitting machine may be widely applied. Depending on the method of weaving, plain weave,
twill weave, mashaori weave, or knitting may be used for Jacquard, Tricot, and the like.
Furthermore, nonwoven fabric may be manufactured by, for example, a wet method (for
example, a wet papermaking method), a dry method, a spunbond method, a water needle
method, or the like. Such a nonwoven fabric is made into a sheet shape by arranging and
stacking tens of thousands of threads extruded from a spinneret and using heat pressing, a high-
pressure water flow method, or the like to increase the strength and fix the fibers, and basically,
in the case of a long-fiber nonwoven fabric, the fibers are arranged in an approximate
longitudinal direction and there are no threads corresponding to the weft. Even in the case of a
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nonwoven fabric having short fibers, the fibers are arranged in an approximate vertical direction
by various methods, and a cloth layer system is used for one portion, such as a cloth sticking
agent, in which a product including warp and weft may be manufactured. In this way, a
nonwoven fabric is advantageous due to the fact that productivity is very good and it may be
produced in large quantities at a low cost. Furthermore, in the case of a short-fiber nonwoven
fabric, an adhesive is useful for increasing the strength of the nonwoven fabric.

[0064]

As described above, in the positive electrode active material layer and separator according to the
present invention, the dissolution of the constituent elements of the separator; the deterioration
and decomposition of the electrolyte solution or active material, and further acceleration of
internal temperature increase induced by these phenomena may be effectively suppressed or
prevented. Accordingly, laminated battery having a structure such as that described above has
improved heat resistance and in particular, improved durability during high temperature storage,
which enables the effective suppression or prevention of various problems, such as separator
shutdown, generation of gas due to decomposition of the positive electrode active material, and
increase in resistance caused by increase in the distance between the electrodes due to gas
conversion of the electrolyte solution; therefore, it is possible to construct a battery having
excellent battery life and excellent battery characteristics, and this battery may be widely used
for various kinds of batteries requiring high safety even when generating abnormal heat.

[0065]

Thus, the battery according to the present invention may be a battery characterized as using the
positive electrode active material layer and the separator described above, and other
configuration requirements should not be restricted at all. The positive electrode active material
layer and the separator of the present invention are used to achieve the above effect.
Furthermore, using a heat-resistant material for the separator makes it possible to effectively
suppress or prevent shrinkage of the separator, especially when the battery generates abnormal
heat, and thus short circuits between electrodes due to shrinkage of the separator may also be
prevented.

[0066]

For example, when the battery is distinguished according to its usage form, such a battery may
be applied in a usage form for either a primary battery or a rechargeable battery. For example, a
rechargeable battery is suitable when used as a power source for vehicle mounting.

[0067]

The form and structure of the battery of the present invention is a laminated (flat) battery, but by
adopting a laminated (flat) battery structure, long-term reliability may be ensured by a sealing
technique such as simple thermocompression bonding or the like, which is advantageous in
terms of cost and workability. In the present invention, a nonwoven fabric separator which
cannot be used conventionally due to problems of tensile strength and shrinkage when abnormal
heat is generated may be applied as a battery separator. Since tensile strength such as that of a
wound battery is not required in a laminated battery, a nonwoven fabric separator constituted of
a fiber aggregate using a thermosetting resin fiber having high heat resistance is used as a
laminated battery separator so that a battery is formed wherein the separator is not pulled and
torn in the manufacturing stage, productivity (yield) is high, and reliability when there is an
abnormality is high.

[0068]

When distinguished by battery exterior material, application to any of the conventionally known
forms and structures is possible, such as a laminate exterior battery represented by a laminate
film (for example, an aluminum laminate film exterior material) including a polymer-metal
composite, used often in laminated batteries according to usage, form, structure, or the like. In
particular, from the viewpoint of reducing the thickness and weight of the battery, a laminate
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exterior battery is desirable. On the other hand, from the viewpoint of battery strength, a
cylindrical can (exterior) battery is superior, but even a laminate exterior battery is capable of
being provided with sufficient vibration resistance and impact resistance against vibration and
impact incurred when mounted on a vehicle, for example.

[0069]

Furthermore, when distinguished by the electrolyte layer in the battery, application to any of an
electrolyte solution (liquid electrolyte) battery, a gel electrolyte battery, and a solid (solid
polymer) electrolyte battery is possible. In the present invention, the separator may be held,
laminated, and the like by using a technique such as impregnating, applying, spraying
(spraying), or the like various kinds of electrolytes or electrolyte solutions (including a precursor
solution before crosslinking) on the separator of the present invention described above. Gel
electrolyte batteries and a solid electrolyte batteries are referred to as polymer batteries, but since
liquid leakage is unlikely to occur in such polymer batteries, it is advantageous in that a battery
having excellent output characteristics may be formed having high reliability and a simple
configuration without problems of liquid leakage. From among polymer batteries, this point is
particularly striking in solid electrolyte batteries.

[0070]

When viewed in terms of metal ions moving between electrode materials or electrodes of a
battery, these should not be particularly limited to lithium ion rechargeable batteries, sodium ion
rechargeable batteries, potassium ion rechargeable batteries, nickel hydrogen rechargeable
batteries, nickel cadmium rechargeable batteries, nickel hydrogen rechargeable batteries, and the
like, but may be applicable to any of the conventionally known electrode materials and the like.
Preferably, it is a lithium ion rechargeable battery. This is because in a lithium ion rechargeable
battery, the voltage of the cell (single cell layer) is high, high energy density and high output
density may be achieved, and it may be suitably used as a driving power supply, an auxiliary
power supply, or the like for a vehicle, and additionally, it may also be sufficiently applied to a
lithium ion battery for portable equipment such as a cellular phone. Moreover, in a battery using
a lithium-transition metal composite oxide as the positive electrode active material, there is an
advantage where an excellent battery may be formed due to the output characteristics by using
these materials for the positive electrode because it is excellent in reactivity and cycle durability
and is a low-cost material.

[0071]

Accordingly, in the description below, a bipolar laminated laminate exterior lithium-ion
rechargeable battery (hereinafter simply described as a bipolar battery) using the positive
electrode active material layer and separator according to the present invention is described in a
very simple manner using drawings, but by no means should it be limited to these. That is, the
configuration requirements other than the positive electrode active material layer and the
separator described above should not be limited at all.

[0072]

First, in a bipolar battery, the battery has a general form, wherein a power generation element
(laminated type), in which both a positive electrode (for example, a coating film of a positive
electrode current collector aluminum foil + positive electrode active material layer) and a
negative electrode (for example, a coating film of a negative electrode current collector copper
foil + negative electrode active material layer) are laminated so as to face each other via an
electrolyte layer formed by using a separator, is housed and sealed in a laminate exterior (for
example, an aluminum laminate film pack). However, the form is not limited to these, and, for
example, the taking-out direction of the positive electrode and negative electrode tab portions of
the positive electrode current collector aluminum foil and the negative electrode current
collector copper foil may be taken out from the same side (direction), and the positive electrode
tab and the negative electrode tab may be taken out from the sides (directions) in which they are
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facing opposite, respectively.

[0073]

Note that the number of lamination layers of bipolar electrodes (including a single cell layer on
the uppermost and lowermost layers) is adjusted according to a desired voltage. Furthermore,
since the separator film may be made thinner to contribute to the improvement of the battery
output, the bipolar battery has advantages in that sufficient output may be easily secured even if
the thickness of the entire battery is made as thin as possible, and even further thinning may be
achieved by reducing the number of lamination layers of the bipolar electrode. Furthermore, the
bipolar battery of the present invention should have a structure wherein the electrode laminated
body portion is sealed under reduced pressure in the battery exterior material (preferably a
laminate film including a polymer-metal complex) and the electrode lead is taken out to the
outside of the battery exterior material to prevent impact and environmental deterioration from
the outside when used. It may be said that the basic constitution of the bipolar battery has a
structure wherein a plurality of laminated single cell layers (single cells) are connected in series.
The following describes a summary of each constituent element.

[0074]

[Electrode Current Collector]

The electrode current collector that can be used in the present invention is not particularly
limited, but it is possible to use a conventionally known type. For example, an aluminum foil, a
stainless steel (SUS) foil, a nickel and aluminum cladding material, a copper and aluminum
cladding material, an SUS and aluminum cladding material, a plating material of a combination
of these metals, or the like may be preferably used. Furthermore, the metal surface of the current
collector may be coated with aluminum. Furthermore, in some cases, a current collector formed
by sticking two or more metal foils together may be used. When a composite current collector is
used, a conductive metal such as, for example, aluminum, aluminum alloy, SUS, titanium, or the
like may be used as the material of a positive electrode current collector, but aluminum is
particularly preferable. On the other hand, a conductive metal such as, for example, copper,
nickel, silver, SUS, or the like may be used as the material of a negative electrode current
collector, but SUS, nickel, and the like are particularly preferable. Furthermore, in the composite
current collector, the positive electrode current collector and the negative electrode current
collector may be electrically connected to each other directly or through an intermediate layer
composed of a third material having conductivity. Furthermore, the positive electrode current
collector and the negative electrode current collector may be formed of a material composed of a
plate wherein a mesh space is formed by expanding a glass plate, that is, a plate with a notch in
it, in addition to a flat plate (foil).

[0075]

The thickness of the current collector is not particularly limited, but it is usually about 5 to 50
um. Since many cells may be packed within the same volume when the current collector is made
thin, capacity and output per battery volume may be enhanced. In doing so, a battery excellent in
both safety and battery performance may be provided to reduce the thickness of the current
collector within the above range.

[0076]

[Negative Electrode Active Material Layer]

The negative electrode active material layer includes a negative electrode material active
material. In addition, a conductive material for enhancing electron conductivity, a binder, an
electrolyte support salt (lithium salt) for enhancing ionic conductivity, a polymer gel or a solid
electrolyte (host polymer, electrolyte solution, or the like), or the like may be included. Since the
details other than the type of negative electrode active material are basically the same as the
details of the already described positive electrode active material layer, the description is omitted
here.
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[0077]

The negative electrode active material used in a conventionally known solution-based lithium
ion battery may be used as the negative electrode active material. Specifically, it is desirable to
use a negative electrode active material containing, as a main material, at least one type selected
from carbon materials such as natural graphite, artificial graphite, amorphous carbon, coke and
mesophase pitch-based carbon fibers, graphite, hard carbon which is amorphous carbon, or the
like, but the material is not particularly limited. In addition, a metal oxide (in particular, a
transition metal oxide, and specifically, a titanium oxide), a composite oxide of a metal (in
particular, a transition metal, and specifically, titanium) and lithium, or the like may be used.
[0078]

Moreover, the electrolyte contained in the negative electrode active material layer may contain a
film forming material. Thus, a capacity drop associated with the charge and discharge cycle of
the battery may be suppressed. The film forming material is not particularly limited, and a
conventionally known material such as, for example, the film forming material as described in
JP 2000-123880 A, may be used.

[0079]

The coating film thickness of the negative electrode active material layer is not particularly
limited, but it should be determined in consideration of the purpose of use of the battery
(emphasis on output, emphasis on energy, or the like) and ionic conductivity. The coating film
thickness of the general negative electrode active material layer is about 20 to 200 um, and
provided that the thickness is within this range, it is sufficiently usable even in the present
invention, but 30 um or less is preferable. Regarding this, there is competition in improving the
amount of energy per unit volume of general consumer lithium ion batteries, and while the
coating film thickness of the active material layer tends to become thick, the current collector
and electrolyte layer having the separator of the present invention are rapidly advancing in the
direction of becoming thinner (advancing in a direction where more active materials are being
put in and other elements are being removed), but in the present invention, the thickness of the
electrode active material layer generating heat should be determined from the viewpoint of
providing a battery also having safety during an abnormality based on these factors.

[0080]

Note that in the present invention, although using a heat-resistant material for at least one
positive electrode active material layer is an essential configuration requirement, a heat-resistant
material may also be used for the negative electrode active material layer.

[0081]

[Electrolyte Layer]

The electrolyte layer is not particularly limited, provided that it is formed using the separator of
the present invention, and in addition to being able to use an electrolyte solution-containing
separator having excellent ionic conductivity as the electrolyte layer according to the purpose of
use thereof, an electrolyte layer formed by impregnating, coating, spraying, or the like, a
polymer gel electrolyte or the like, which is called a polymer electrolyte, onto the separator may
also be preferably used.

[0082]

(a) Electrolyte Solution-Containing Separator

Since the same electrolyte solution as the electrolyte solution (electrolyte salts and plasticizers)
contained in the polymer gel electrolyte in a section of the positive electrode active material
layer of the present invention already described may be used as the electrolyte solution that may
be allowed to penetrate the separator of the present invention, a description here is omitted;
however, if illustrating one optimum example of the electrolyte solution, at least one type of
LiClO4, LiAsFs, LiPFs, LiBOB, LiCF3SOs, and Li(CFsSO2):2 is used as the electrolyte, at least
one type from ethers consisting of ethylene carbonate (EC), propylene carbonate, diethyl
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carbonate (DEC), dimethyl carbonate, methyl ethyl carbonate, 1,2-dimethoxyethane, 1,2-
diethoxyethane, tetrahydrofuran, 1,3-dioxolane, and y-butyl lactone is used as a solvent, and the
concentration of the electrolyte is adjusted to 0.5 to 2 mol/liter by dissolving the electrolyte in
the solvent, but the present invention should not be limited in any way to these.

[0083]

In the present invention, although the separator of the present invention described above is used
in at least one single cell layer, when a plurality of separators is used in an overlapping manner,
the separator of the present invention and a conventionally known separator such as PE, PP, or
the like may be used in an overlapping manner, provided that they are within a range where the
action effect of the present invention is not impaired. For example, the separator of the present
invention for absorbing and retaining the electrolyte solution and a porous sheet composed of a
polymer for absorbing and retaining the electrolyte solution (for example, a polyolefin-based
microporous separator or the like), or existing nonwoven fabric separator or the like may be
used in combination. This is because the polyolefin-based microporous separator having a
property of being chemically stable with respect to an organic solvent has an excellent effect of
being able to suppress reactivity to an electrolyte (electrolyte solution) to a low level. A
laminated body or the like having a three-layer structure of PE, PP, and PP/PE/PP is given as an
example of the material of a porous sheet such as the polyolefin-based microporous separator. A
conventionally known material such as, for example, cotton, rayon, acetate, nylon, polyester,
and polyolefin such as polypropylene, polyethylene, or the like may be used as the material of
the existing nonwoven fabric separator.

[0084]

The amount of electrolyte solution retained by impregnation or the like in the separator may be
impregnated, coated, or the like, up to the liquid retaining capacity range of the separator, but it
may also be impregnated beyond the liquid retaining capacity range. With regard to this, for
example, in the case of a bipolar battery, since seepage of the electrolyte solution from the
electrolyte layer may be prevented by injecting resin into the electrolyte seal portion, it is
possible to impregnate in a range where the electrolyte solution may be retained in the separator
of the electrolyte layer. Similarly, in the case of a non-bipolar battery, since seepage of the
electrolyte solution from the inside of the battery exterior material may be prevented by sealing
the battery element into the battery exterior material, it is possible to impregnate in a range
where the electrolyte solution may be retained in the inside of the battery exterior material. The
electrolyte solution may be impregnated into the separator by a conventional and well-known
method, such as being able to completely seal the separator after the electrolyte solution is
injected by a vacuum injection method or the like.

[0085]

(b) Gel Electrolyte Layer

In the gel electrolyte layer of the present invention, a polymer gel electrolyte is retained by being
impregnated in, coated on, or the like, the separator of the present invention.

[0086]

Since the same electrolyte as the polymer gel electrolyte in a section of the positive electrode
active material layer described previously may be used as the polymer gel electrolyte, the
description here is omitted.

[0087]

Furthermore, the polymer gel electrolyte may be included in the positive electrode active
material layer and the negative electrode active material layer in addition to the electrolyte layer,
but when doing so, the same polymer gel electrolyte may be used or a different polymer gel
electrolyte may be used in each layer.

[0088]

Coincidentally, the host polymer for the polymer gel electrolyte which is preferably used at
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present is a polyether polymer such as PEO and PPO. Therefore, oxidation resistance on the
positive electrode side is weak under high temperature conditions. Accordingly, when using a
positive electrode material having a high oxidation-reduction potential, the capacity of the
negative electrode active material layer is preferably smaller than the capacity of the opposing
positive electrode active material layer through the polymer gel electrolyte layer. When the
capacity of the negative electrode active material layer is smaller than the opposing positive
electrode active material layer, the positive electrode potential may be prevented from rising too
much at the end of charging. The capacities of the positive electrode active material layer and
negative electrode active material layer mentioned here may be obtained from the
manufacturing conditions as a theoretical capacity for when manufacturing the positive
electrode active material layer and the negative electrode active material layer. The capacity of
the finished product may be directly measured by a measuring device. However, when the
capacity of the negative electrode active material layer is smaller than the capacity of the
opposing positive electrode active material layer, the negative electrode potential may be
lowered too much, and the durability of the battery will likely be impaired, so it is necessary to
pay attention to charge and discharge voltage. For example, the average charging voltage of one
cell (single cell layer) is set to an appropriate value with respect to the oxidation-reduction
potential of the positive electrode active material used to prevent durability from deteriorating.
[0089]

Although the thickness of the electrolyte layer constituting the battery is not particularly limited,
it is basically substantially the same as or slightly thicker than the thickness of the separator of
the present invention and may usually be used in the range of about 5 to 30 um. To obtain a
compact battery, it is preferable to make the battery as thin as possible within a range capable of
securing a function as an electrolyte layer, and to contribute to improvement of battery output by
thinning it in a similar manner to the separator, the thickness of the electrolyte layer is 15 pm or
less, and preferably 5 to 10 pm.

[0090]

Note that in the present invention, the electrolyte solution of the electrolyte layer may contain
various conventionally known additives, provided that they are within a range where the action
effect of the present invention is not impaired.

[0091]

[Insulating Layer]

Insulating layers are mainly used for bipolar batteries. This insulating layer is formed around
each electrode to prevent adjacent current collectors in the battery from contacting each other or
prevent short circuits caused by slight mismatching at the end portion of the laminated electrode.
In the present invention, the insulating layer may be provided around the electrode as necessary.
This is necessary to completely prevent short circuits (liquid leakage) due to the electrolyte
solution when used as a vehicle driving or auxiliary power supply. Moreover, vibration and
impact to the battery is loaded for a long time. Therefore, from the viewpoint of extending
battery life, it is desirable to install an insulating layer to ensure reliability and safety for a longer
period of time, and this is because it is desirable to be able to provide a high quality and high
capacity power supply.

[0092]

The insulating layer may have insulating properties, sealing properties against dropping of the
solid electrolyte, sealing properties against moisture permeating from the outside (sealing
properties), heat resistance under the operating temperature of the battery, and the like, and
examples such as an epoxy resin, rubber, polyethylene, polypropylene, polyimide, and the like
may be used, but an epoxy resin is preferable from the viewpoint of corrosion resistance,
chemical resistance, ease of making (film making properties), economic efficiency, and the like.
[0093]
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[Positive Electrode and Negative Electrode Terminal Plates]

Positive electrode and negative electrode terminal plates should be used as appropriate. For
example, in the case of a bipolar lithium ion battery, the electrode terminal may be taken out
directly from the outermost current collector depending on the lamination (or winding) structure,
and in this case, positive electrode and the negative electrode terminal plates need not be used.
[0094]

When using positive electrode and negative electrode terminal plates, in addition to having a
function as a terminal, they should be as thin as possible from the viewpoint of thinning, but
since the laminated electrodes, the electrolyte, and the current collector are all weak in
mechanical strength, it is desirable to have enough strength to hold them and support them from
both sides. Moreover, from the viewpoint of suppressing internal resistance at the terminal
portion, it may be said that the desirable thickness of the positive electrode and negative
electrode terminal plates is usually about 0.1 to 2 mm.

[0095]

Materials used in conventionally known lithium ion batteries may be used as the materials of the
positive electrode and negative electrode terminal plates. For example, aluminum, copper,
titanium, nickel, stainless steel (SUS), alloys of these, and the like may be used. Aluminum is
preferably used from the viewpoint of corrosion resistance, ease of making, economical
efficiency, and the like.

[0096]

The material of the positive electrode terminal plate and the negative electrode terminal plate
may be the same material or different materials. Moreover, these positive electrode and negative
electrode terminal plates may be formed by laminating different materials in multiple layers.
[0097]

[Positive Electrode and Negative Electrode Leads]

Leads the same as those used in conventionally known lithium ion batteries may be used as the
positive electrode and negative electrode leads. Note, it is preferable that the portion taken out of
the battery exterior material (battery case) is covered with a heat-resistant insulating heat-
shrinkable tube or the like so as not to affect the product (for example, automobile parts, in
particular, electronic equipment, or the like) due to leakage of electricity by contacting
peripheral equipment, wiring, or the like.

[0098]

[Battery Exterior Material (Battery Case)]

In lithium ion batteries, to prevent impact and environmental deterioration from the outside
when used, it is desirable to house a battery laminate body, which is the power generation
element of the battery, in a battery exterior material or a battery case. From the viewpoint of
weight reduction, it is preferable to create a structure wherein the battery laminated body is
housed and sealed by joining by thermally fusing one portion or all of the peripheral portions
thereof using a conventionally known battery exterior material such as a polymer-metal
composite laminate film wherein both surfaces of the metal (including an alloy) such as
aluminum, stainless steel, nickel, copper, and the like are coated with an insulator (preferably a
heat-resistant insulator) such as a polypropylene film or the like. In this case, the structure
should be such that the positive electrode and negative electrode leads are sandwiched by the
thermal fusion portion and exposed to the outside of the battery exterior material. Furthermore,
using a polymer-metal composite laminate film having excellent thermal conductivity is
preferable in that heat is efficiently transmitted from a heat source of an automobile and the
inside of the battery may be quickly heated to a battery operating temperature. The polymer-
metal composite laminate film should not be particularly limited, and a conventionally known
laminate obtained by disposing a metal film between polymer films and laminating and
integrating the whole may be used. A specific example includes an example wherein an exterior
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protective layer (laminate outermost layer) composed of a polymer film, a metal film layer, and
a thermally-fused layer (laminate innermost layer) composed of a polymer film are disposed and
the whole is laminated and integrated. More specifically, the polymer-metal composite laminate
film used for the exterior material is obtained by first forming a heat-resistant insulating resin
film as a polymer film on both surfaces of the metal film, and then laminating the thermally-
fused insulating film on at least one side of the heat-resistant insulating resin film. The laminate
film is thermally fused by an appropriate method so that the thermally-fused insulating film
portion is fused and bonded to form a thermally-fused portion. An aluminum film or the like
may be exemplified as the metal film. Furthermore, a polyethylene terephthalate film (heat-
resistant insulating film), a nylon film (heat-resistant insulating film), a polyethylene film
(thermally-fused insulating film), a polypropylene film (thermally-fused insulating film), or the
like may be exemplified as the insulating resin film. However, the external material of the
present invention should not be limited to these. In such a laminate film, it is possible to bond a
one-to-one sheet (bag-shaped) of the laminate film easily and reliably by heat fusion by using a
thermally-fused insulating film using ultrasonic welding or the like. Note, to maximize the long-
term reliability of the battery, metal films which are constituent elements of the laminate sheet,
may be directly bonded to each other. Ultrasonic welding may be used for bonding the metal
films by removing or breaking the thermally-fusible resin between the metal films.

[0099]

Next, the battery of the present invention may be widely used for various applications. For
example, it may be suitably used as a power source for portable electronic equipment such as a
portable telephone or a portable personal computer requiring safety because they are often
carried in a relatively familiar place, such as a clothes pocket or a bag. Furthermore, it may be
suitably used as a large-capacity power supply for an electric vehicle (EV), a hybrid electric
vehicle (HEV), a fuel cell vehicle, a hybrid fuel cell vehicle, or the like for a vehicle driving
power supply and an auxiliary power supply requiring high energy density and high output
density. In this case, it is desirable to use a battery pack constituted by connecting a plurality of
non-bipolar or bipolar lithium ion rechargeable batteries of the present invention. That is, a
plurality of the lithium ion batteries may be a battery pack (vehicle sub-module) created by
using at least one from among a parallel connection, series connection, parallel-series
connection, or series-parallel connection. Thus, the demand for capacity and voltage for each of
the various vehicles may be handled using a combination of basic batteries. As a result, design
selectivity of necessary energy and output may be facilitated. Therefore, it is not necessary to
design and produce different batteries for each of the various vehicles, mass production of basic
batteries is possible, and cost reductions are possible due to mass production. A representative
embodiment of the battery pack (vehicle sub-module) is described in a simple manner below
using drawings.

[0100]

FIG. 4 illustrates a schematic diagram of a battery pack (42 VV1Ah) having the bipolar battery of
the present invention (24 V, 50 mAh) connected; two in series, twenty in parallel. The tabs of
the parallel portions are connected by copper bus bars 56 and 58 and the series portions are
connected by vibration welding of tabs 48 and 49. The end portions of the series portions are
connected to terminals 62 and 64 to constitute positive and negative terminals. Detection tabs 60
for detecting the voltage of each layer of a bipolar battery 41 are taken out from both sides of the
battery, and detection lines 53 for such are taken out from the front part of a battery pack 51.
Specifically, to form the battery pack 51 illustrated in FIG. 4, five bipolar batteries 41 are
connected in parallel by the bus bars 56, five bipolar batteries 41 arranged in parallel are further
connected using electrode tabs in two series, and these are laminated in four layers and
connected in parallel by bus bars 58 to be housed in a metal battery pack case 55. Thus, by
connecting any number of bipolar batteries 41 in series and in parallel, the battery pack 51
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capable of coping with a desired current, voltage, and capacity may be provided. In the battery
pack 51, a positive electrode terminal 62 and a negative electrode terminal 64 are formed in
front of a side surface of the metal battery pack case 55, and after the batteries are connected in
series and in parallel, for example, each bus bar 56, each positive electrode terminal 62, and each
negative electrode terminal 64 are connected by a terminal lead 59. Furthermore, in the battery
pack 51, a detection tab terminal 54 is installed in front of a side surface on which the positive
electrode terminal 62 and the negative electrode terminal 64 of the metal battery pack case 55
are provided to monitor battery voltages (each single cell layer and also the inter-terminal
voltage of the bipolar batteries). Also, each voltage detection tab 60 of each bipolar battery 41 is
connected to a detection tab terminal 54 via the detection line 53. Furthermore, an external
elastic body 52 is attached to a bottom portion of the battery pack case 55, and when a plurality
of battery packs 51 are laminated to form a composite battery pack, the distance between the
battery pack 51 is maintained, and vibration-proof property, impact resistance, insulation
property, heat radiation property, and the like may be improved.

[0101]

Furthermore, in addition to the detection tab terminal 54, various measuring devices and control
devices may be provided to the battery pack 51 according to the purpose of use thereof.
Moreover, ultrasonic welding, heat welding, laser welding, or electron beam welding, or bus
bars 56 and 58 such as rivets, or a riveting technique may be used for connecting the electrode
tabs (48 and 49) of the bipolar battery 1 or the detection tab 60 and the detection line 53.
Moreover, ultrasonic welding, thermal welding, laser welding, or electron beam welding may be
used for connecting the bus bars 56 and 58 and the terminal lead 59 or the like, but the
connection technique is not particularly limited.

[0102]

The same material as the resin group used in the battery of the present invention may be used for
the external elastic body 52, but it is not limited to these.

[0103]

Furthermore, in the battery pack of the present invention, the bipolar battery of the present
invention and the non-bipolar battery of the present invention having the same positive and
negative electrode materials as the bipolar battery and the same voltage by connecting the
number of constituent units of the bipolar battery in series are connected in parallel. That is, the
batteries forming the battery pack may mix the bipolar battery and the non-bipolar battery of the
present invention (although all the batteries may not necessarily be the batteries of the present
invention). Thus, a battery pack can be made for compensating for the mutual weak points by
combining a bipolar battery having an emphasis on output and a non-bipolar battery having an
emphasis on energy, and the weight and size of the battery pack may be reduced. The proportion
of which to mix respective bipolar batteries and the non-bipolar batteries is determined
according to the safety performance and output performance required as a battery pack.

[0104]

As described above, some preferable embodiments of the present invention have been
illustrated, but the present invention is not limited to the above embodiments, and various
modifications, omissions, and additions by a person having ordinary skill in the art are possible.
For example, a bipolar (internal series connection type) lithium ion rechargeable battery (bipolar
battery) has been described as an example above, but the technical range of the battery of the
present invention is not limited to only a bipolar battery, and, for example, the present invention
may be applied similarly to a non-bipolar (internal parallel connection type) lithium ion
rechargeable battery (non-bipolar battery) 30 as illustrated in FIG. 2. In a bipolar battery, the
voltage of a single cell is higher than that of a normal battery, and since a battery having
excellent capacity and output characteristics may be constituted, a bipolar lithium ion
rechargeable battery is particularly preferable in the present invention. Alternatively, the battery
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pack of the present invention may be a battery pack in which a bipolar battery and a non-bipolar
battery are connected in parallel, or a composite battery pack (vehicle battery pack) in which at
least two or more battery packs (vehicle sub-modules) are connected in series, in parallel, or in
series and parallel.

[0105]

Furthermore, a vehicle of the present invention is characterized as being equipped with the
laminated battery and the battery pack of the present invention. Thus, an automobile having high
output and excellent durability can be obtained, and a light and small battery may be made to
meet the demands of a vehicle having a demand for a large space. By reducing the space of the
battery, the weight of the vehicle may also be reduced. In the case of automobiles, the laminated
battery and battery pack are used for hybrid vehicles and electric vehicles as illustrated in FIG.
5, and in order to load a composite battery pack 70 into a vehicle (for example, an electric
vehicle), the laminated battery and battery pack are loaded into a seat (seat) in the central portion
of the car body of an electric vehicle 80. This is because it they would take up a large space in
the vehicle and trunk space if loaded under a seat. Note that the place where the battery is loaded
is not limited to under a seat; it may be under the floor of the vehicle, behind the seat back, or
under the rear trunk space, or in the engine compartment at the front of the vehicle.

[0106]

Note that in the present invention, not only a composite battery pack, but also a battery pack
may be loaded into a vehicle depending on the purpose of use, and the composite battery pack
and battery pack may be loaded in combination. Furthermore, the foregoing electric vehicle, fuel
cell vehicle, and or hybrid vehicles thereof are preferable as the vehicle capable of being
equipped with the composite battery pack or the battery pack of the present invention as the
driving power source or auxiliary power source, but the vehicle is not limited to these.
Furthermore, a hybrid vehicle (a hybrid of a gasoline engine and the battery pack and/or the
composite battery pack of the present invention), an electric vehicle, a hybrid electric vehicle, a
fuel cell vehicle, a hybrid fuel cell vehicle, or the like is preferable as the vehicle capable of
being equipped with the battery pack and/or the composite battery pack of the present invention
as the driving power supply, auxiliary power supply, or the like, but the vehicle is not limited to
these.

[Examples]

[0107]

The effect of the present invention will be described using the following examples and
comparative examples. However, this does not mean that the technical range of the present
invention is limited to the following examples only.

[0108]

Example 1

1. Production of Positive Electrode (1)

Nickel manganese lithium cobalt oxide (LiNisMn13C01302) having a particle size of 20 pm
(thermal decomposition temperature: 250°C), acetylene black, and vinylidene fluoride (PVdF)
as a binder were mixed at a weight ratio of 80:10:10. N-Methyl-2-pyrrolidone (NMP) was then
added to the mixture as a solvent until the viscosity became 4,000 cP to produce a slurry for a
positive electrode.

[0109]

The positive electrode slurry prepared above was coated on both surfaces of an Al foil (thickness
of 20 um), which is a positive electrode current collector, using a self-propelled doctor blade and
heat dried at 120°C using a hot plate, then this was pressed so that the coated film thickness
became 65 pm, thereby producing a positive electrode.

[0110]

2. Production of Negative Electrode
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Hard carbon having a particle size of 20 pm and PVdF were mixed so as to have a weight ratio
of 90:10, and N-methyl-2-pyrrolidone (NMP) was added to the mixture to produce a slurry for a
negative electrode. The negative electrode slurry prepared above was coated on both surfaces of
a Cu foil (thickness of 10 pm), which is a negative electrode current collector, using a self-
propelled doctor blade and then this was pressed so that the coated film thickness became 75
um, thereby producing a negative electrode.

[0111]

3. Production of Electrolyte Solution

LiPFs of 1 M was dissolved in a mixed solvent of EC (ethylene carbonate) and PC (propylene
carbonate) (volume ratio=1:1) and this was used as an electrolyte solution.

[0112]

4. Production of Battery

The positive electrode (1) produced in 1. above and the negative electrode produced in 2. above
were made to face each other via an aramid separator (thermal shrinkage: 1% or less) (film
thickness of 30 um) for a lithium ion battery, forming a battery base element, and this battery
base element was laminated into five layers to obtain a battery element.

[0113]

The battery element obtained in this way was inserted into a three-way sealed exterior material
aluminum laminate. Next, the electrolyte solution for the lithium ion battery prepared in 3.
above was injected into this aluminate, and vacuum sealing was performed to make the tab
come out from the external material and obtain a sealed laminated laminate exterior lithium ion
rechargeable battery.

[0114]

Example 2

1. Production of Positive Electrode (1)

A positive electrode (1) was produced in the same manner as the method described in 1. of
example 1.

[0115]

2. Production of Positive Electrode (2)

Lithium cobalt oxide (LiC002) having a particle size of 20 pum, acetylene black, and vinylidene
fluoride (PVdF) as a binder were mixed at a weight ratio of 80:10:10. N-Methyl-2-pyrrolidone
(NMP) was then added to the mixture as a solvent until the viscosity became 4,000 cP to
produce a slurry for a positive electrode. Note that the thermal decomposition temperature of the
lithium cobalt oxide (LiCoOz2) used in this process is 190°C.

[0116]

The positive electrode slurry prepared above was coated on both surfaces of an Al foil (thickness
of 20 um), which is a positive electrode current collector, using a self-propelled doctor blade and
heat dried at 120°C using a hot plate, then this was pressed so that the coated film thickness
became 65 um, thereby producing a positive electrode (2).

[0117]

3. Production of Negative Electrode

A negative electrode was produced in the same manner as the method described in 2. of example
1.

[0118]

4. Production of Electrolyte Solution

The electrolyte solution was produced in the same manner as the method described in 3. of
example 1.

[0119]

5. Production of Battery

The positive electrodes (1) and (2) produced in 1. and 2. above and the negative electrode
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produced in 3. above were made to face each other as seen below via an aramid separator (film
thickness of 30 um) for a lithium ion battery and a polyethylene (PE) separator (film thickness
of 30 um) for a lithium ion battery, forming a battery base element, and this battery base element
was laminated into five layers to obtain a battery element:

Positive electrode (2) and PE separator facing the first and fifth battery base elements;

Positive electrode (2) and aramid separator facing the second and fourth battery base elements;
and

Positive electrode (1) and aramid separator facing the third battery base element.

[0120]

The battery element obtained in this way was inserted into a three-way sealed exterior material
aluminum laminate. Next, the electrolyte solution for the lithium ion battery prepared in 4.
above was injected into this aluminate, and vacuum sealing was performed to make the tab
come out from the external material and obtain a sealed laminated laminate exterior lithium ion
rechargeable battery.

[0121]

Comparative Example 1

1. Production of Positive Electrode (2)

A positive electrode (2) was produced in the same manner as the method described in 2. of
example 2.

[0122]

2. Production of Negative Electrode

A negative electrode was produced in the same manner as the method described in 2. of example
1.

[0123]

3. Production of Electrolyte Solution

The electrolyte solution was produced in the same manner as the method described in 3. of
example 1.

[0124]

4. Production of Battery

The positive electrode (2) produced in 1. above and the negative electrode produced in 2. above
were made to face each other via a polyethylene (PE) separator (film thickness of 30 um) for a
lithium ion battery, forming a battery base element, and this battery base element was laminated
into five layers to obtain a battery element.

[0125]

The battery element obtained in this way was inserted into a three-way sealed exterior material
aluminum laminate. Next, the electrolyte solution for the lithium ion battery prepared in 3.
above was injected into this aluminate, and vacuum sealing was performed to make the tab
come out from the external material and obtain a sealed laminated laminate exterior lithium ion
rechargeable battery.

[0126]

Comparative Example 2

1. Production of Positive Electrode (2)

A positive electrode (2) was produced in the same manner as the method described in 2. of
example 2.

[0127]

2. Production of Negative Electrode

A negative electrode was produced in the same manner as the method described in 2. of example
1.

[0128]

3. Production of Electrolyte Solution
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The electrolyte solution was produced in the same manner as the method described in 3. of
example 1.

[0129]

4. Production of Battery

The positive electrode (2) produced in 1. above and the negative electrode produced in 2. above
were made to face each other as seen below via an aramid separator (film thickness of 30 pm)
for a lithium ion battery and a polyethylene (PE) separator (film thickness of 30 um) for a
lithium ion battery, forming a battery base element, and this battery base element was laminated
into five layers to obtain a battery element:

PE separator facing the first, second, fourth, and fifth battery base elements; and

Aramid separator facing the third battery base element.

[0130]

The battery element obtained in this way was inserted into a three-way sealed exterior material
aluminum laminate. Next, the electrolyte solution for the lithium ion battery prepared in 3.
above was injected into this aluminate, and vacuum sealing was performed to make the tab
come out from the external material and obtain a sealed laminated laminate exterior lithium ion
rechargeable battery.

[0131]

Evaluation Method

The respective batteries obtained in the examples 1 and 2 and the comparative examples 1 and 2
were aged for one week in a fully charged state (4.2 V) after initial charge discharge at 0.5C.
The capacity after aging for one week was confirmed at a current of 1C at 25°C (initial
capacity). Next, a storage test was performed at full charge (4.2 V) for 60 days, and the capacity
on the 60th day was confirmed similarly at a 1C current at 25°C (capacity on the 60th day). The
rate (%) of the capacity on the 60th day divided by initial capacity was calculated as “capacity
utilization ratio to initial capacity (%)” (in Table 1 below, “capacity maintenance ratio for
endurance test (%)”’). The results are illustrated in the following Table 1 and FIG. 7.
Furthermore, the relative maintenance ratio of each example and comparative example when the
capacity utilization ratio of comparative example 1 is one is illustrated in the following Table 1.
[0132]

[Table 1]
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Comparative Example | Example | Example 2 Comparative Example 2
Layer Positive | Separator Electrolyte Positive electrode Separator Elecnolyte Positive electrade Separator Electrolyte Positive "~ Separator Electrolyte
1 (Uppermost layer) Electiode PE slectiode
2 - LiCo02 PE
3 . LIPFG . .| . Aramid LIPFG Ll Ni—Mn—Co) 02 Aramid LIPFG o : Aramid LIPFG
i iCo02 PE JEcwpe | LiNi-Mn=Co) 02 JECtpe S JECHPC LiCoO2 | JEC+PC
LiCaO2 PE
5 (Lowermeost layer) PE
Capaci
aintenince wtio of 63 78 76 68
durability test
Relative maintenance
* ratio to comparative 1 124 1.21 108
example 1
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[0133]

By comparing the results of examples 1 and 2 in Table 1 to the results of comparative example
2, it was confirmed that the capacity utilization ration during storage at high temperature is
significantly improved in the laminated battery of the present invention, wherein the heat-
resistant material is disposed in both the positive electrode active material layer and the
separator as compared to the laminated battery of comparative example 2, wherein the heat-
resistant material is disposed only in the separator.

[Brief Description of Drawings]

[0134]

FIG. 1 is a cross-sectional view illustrating an outline of a battery of a first embodiment, which
is a bipolar battery.

FIG. 2 is a cross-sectional view illustrating an outline of a lithium ion rechargeable battery
which is not a bipolar battery.

FIG. 3A is a plane schematic representing one portion of two square sheet-shaped fiber
aggregates (nonwoven fabric), shown stacked, prepared to produce a bag-shaped separator.
FIG. 3B is a plane schematic schematically representing a state of a bag-shaped separator
produced by stacking and thermally fusing the two square sheet-shaped fiber aggregates
(nonwoven fabric) prepared in FIG. 3A.

FIG. 3C is a cross-sectional view of the X-X line of FIG. 3B.

FIG. 3D is a plane schematic schematically representing a state of a positive electrode prepared
for storage in the bag-shaped separator in FIGS. 3B and C.

FIG. 3E is a cross-sectional view of the Y-Y line of FIG. 3D.

FIG. 3F is a plane schematic schematically representing a state wherein the positive electrode of
FIGS. 3D and E is stored in the bag-shaped separator of FIGS. 3B and C.

FIG. 3G is a cross-sectional view of the Z-Z line of FIG. 3F.

FIG. 4 is a schematic diagram illustrating one example of a battery pack connecting the bipolar
battery of the present invention with two in series and twenty in parallel. FIG. 4(a) is a plane
diagram of the battery pack, FIG. 4(b) is a front view of the battery pack, FIG. 4(c) is a right side
view of the battery pack, and in FIGS. 4(a) to (c), the inside of the battery pack is represented to
be visible through the outer case to be able to understand the state in which the bipolar batteries
are connected in a mixture of in series and parallel.

FIG. 5 is a schematic diagram of an automobile equipped with the battery pack of the present
invention.

FIG. 6 is a graph illustrating a capacity utilization rate (%) with respect to the initial stage of the
battery of Examples 1 and 2 and Comparative Examples 1 and 2 in an evaluation method.
[Description of Reference Numerals]

[0135]

10 Bipolar battery,

11 Current collector,

13 Positive electrode active material layer,

13a  Uppermost layer positive electrode active material layer,

15 Negative electrode active material layer,

17 Electrolyte layer (separator),

17a,17b Uppermost and lowermost layer electrolyte layer (separator),

19 Single cell layer,

21 Battery element,

25 Positive electrode tab,

27 Negative electrode tab,

29 Laminate sheet,

30 Non-bipolar type lithium ion rechargeable battery,
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31 Insulating layer,

33 Positive electrode current collector,

35 Negative electrode current collector,

41 Bipolar battery,

42 Current collector,

43 Positive electrode active material layer,

44 Negative electrode active material layer,

45 Bipolar electrode,

45a  Electrode of uppermost layer of electrode laminated body,
45b  Electrode of lowermost layer of electrode laminated body,
50 Battery exterior material (exterior package),

51 Battery pack,

52 External elastic body,

53 Detection line,

54 Detection tab terminal,

55 Battery pack case,

56, 58 Bus bar,

59 Terminal lead,

62 Positive electrode terminal,

64 Negative electrode terminal,

70 Composite battery pack,

80 Electric vehicle.

[FIG. 1] [FIG. 2]
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[FIG. 3A] [FIG. 3C]

State before thermal fusion of two separator sheets

[FIG. 3B] [FIG. 3D]

State after thermal fusion of two separator sheets

Point of thermal fusion Point of thermal
fusion
[FIG. 3E] [FIG. 3G]
[FIG. 3F]

State where positive electrode is placed in a bag-shaped separator
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[FIG. 4] [FIG. 5]
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DECLARATION OF TRANSLATOR
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of paragraph 0048 to the end of the patent that is entitled “f&EZ! Tt in Japanese and
“Laminated Battery” in English (also attached).

2. The attached translation is, to the best of my knowledge, a true, full and
accurate translation of the attached Japanese document.

3. I am competent to perform this translation because I have a Masters of
Interpreting and Translation, I have been working as a patent translator for more than five
years, and have been actively working as a translator for more than eight years.

4. I declare under the penalty of perjury under the laws of the United States
that the foregoing is true and correct; and further declare that I am aware that willful false

statements and the like so made are punishable by fine or imprisonment, or both, under

1001 of Title 18 of the United States Code.

Dated:November 11, 2022
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vaAHLL., LEBME. EEAORAICEBENERSABE SN THRLIERE, /AL —
2. RUEBHROREICABEVERAURIATLHLIEBNCOIRTER N THDSE
MEBERZAIHAHEEBEENTH DT, DU EL—DEBEYVERKR UV /N L — 2 A E
HEHMHZEEC. BREEMNICE>TERIND, 10
(ZFBADHMR]

[O0O01 1]

AEHICEIAE, EBEFNEBRRVENAL—FICHBREOEVWVEMMBEZEEST S &
IC&->T, BHMAMER., BEUNBERRORRICLIDIEELRZ+2IGH TS5 EMNA
BBELD, LEAST, AXAOKEBEBHUEIBLEEMAKZET S,

(ERZREIT HA-ODDODRRDME

(001 2]
UT. AXAOXRBOMEEHAT 5.
(o0 13]

AEBHOE—F. EERORADICEBETNERI U IATLHSLIESB, £/L—42. & 20
VEERDODRAICEBEDEBI A IN THLIEBACDIBETERINATLHRIENESR
*ETOREBHEENTH - T, PECKLEL—DEBEYERBR Y EAAL—2 DB EMH
50, BERENTHD, ARBE. EBEVEBRUEAAL—FOXAICTEAMEMF
FHEATAHILERBET S, ChickY., EMRNBOEELRZMG - LI 5 LI
&Y, ERXL—2OBEBHABTHLY., ERBECEMENSGIE - BLEYVTEZILE
SHEMICHSE - LT D, ABEIC. X, LEBRRICKVERINALIZIAHOEELRD S
HHLZMEZLEHEDICHE -BLET S, LEA-T, AFHOBEBREHIE. SHRHO
BEODEELRZ23IZRBIIHLVOT. N1 JUY Y FEBE., EREHELHRHEHED
ERAOKRKEMBAEHICERIIBATH-TH, BHANBTHEELRZ+5E - B
ELT,. ERXL—42D vy bSOy, EBEVEORBICEDITRAORELE, RUEMRK 30
DHREIZE S BHEEBEXIZCLYSIZEBISNDI2EROBRLENDEREZNEEINLS B
c Ff-. AKBHOBREREMIL., AHBER. NBEBKRBEOBMEELREZLEMICHH -
LT 20, MAKE. MBEEICEL-EthchY. LEMBICIYREERIT I
CHEMN>FEREODEM~ADERIHFTE S,
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LT, AZEHAODEHEDOREZ. I1ONAKR—SHOBEBESIRA—rAEYFILA
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BEMMERIEIIA LI BHREOHIZHE A KZ L,
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H1E, AFHAOBREEENOHFLLVERERETHINAAR—SBEHOERBEEZE 40
KXWIZEDLEEBRHERTHD. II1IZRENREZ LI, NAR—5Fth1 01k, £E
CERBRERGIHPETTIREROEHNER2 1A, M ETHSISIF—FP—F290DRA
Mt n-EBEEZET D, COBMER21(F. EBEYWER13L. BEBETMERE
15 ENEERT1T1DENTNROAICEBRINTZASAR—FEBL, ERXL—42FZRANT
BRLE-EMERB17 (KAMEDTE. ARXFOHFBEZLYHABEICREAT H-HIC. B
RERBEZ TENRXL—4]1 1T E) #2N L THEEBIIWIBEEEFET S, COE. —DON
AR—SBEBEBOEBIYWER1 LB —DNAR—SERBICHEET IHDONAKR—FF
BOABIVMERB1S5LIPERBERB 172N LTHEESI&LSIC. ENAR—SFEES &
VEMEBEREB17NEEBSA TS,
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ZLT. BETHIEEEMER13., EXL—417RUVEEBEMWER 151, —D0D
HEMWE19F%#HEMT S, LA T. "MAKR—FBHh 10k, BEEHE19L”EESIH
THDIEREFETDELEVR D, - BEMEB19OONAICIK. BETHIEERT 1M
ERBTLILLODEBEIINZTOATVSE, BHE. BEHER210RNBICHET S
EEWR (RAB&EENRKR) (11a. 11b) [ZF. FEAOHIZ., EHMEHMERE13 (EHW
BENEBEER11a) FLEEEIYVERE1S5 (ABAKABEER11Db) OWLWTHh
N—AREREATEY., ABEHEDTEH., ChoF TEERE] A& D,

[0017]

BT, RM1IICRENEZNAKR—SBEM10TEH. FBASABEER11 arERS
hTEEA2T25¢ch, NETHSISTIF—Fo—Fr29hbBHLTWSE, —A. & 10
BRABENEBEER1 1bIAERIAhTABYI J27,Sh, ABKICSEIR—+Y—F+29
MHBEHLTWS,

[00 18]

AEBPORBRBREENE. H1ICRENE &S5 SER 1T 1TORTICEBRETWERE1 3
PEEESNTHRIEE, EAXAL—3217, RUEERT11O0OXETICABIYVWERE 151K
HENTHDIABILOERINIETHE1 ONEHERIA TLIEEZAL. Bt
B1od, PAGKLELE—DEBEMERBRULLEC LI — DAL —FICTHEAEHMHINE
AEhd, COB, BEEHEOBEBHET. HICHRBREIIAT . MEORSE (FXIE. N1 T
Dy FEBE, EXEBEZOEHHERRLLE) PVHEORELLEICE>THEERIRSH
5, lZE. "4 T )y FEBE, EXEDEZEOEHEREOBEICIEK. BEHIE., & 2
. 1~100ThHY. FFLLIEF5~50, LYHFFLLIF10~30THBD, Fi=.
MBEMBAERSNIEEITNERE (KHEMEDTE., MAKEBEIYVWERE] L8
T5) &, MBEMEIFERIADIEAAL—42 (KBEHZEPTEH. THBEEEAL—4]
EIHMTDE) T A—OEENRBICHEETIGETHO-TILHIVWFIELLIEEMEICHEF
AT 235ETH2rTHEVTATEEIVD, BELLBER—DOHEEMNERIZELET 5,
[0019]

Flh ARFAOBEBREMICENVT., MAKEBEVEBRRUMAELIL—4FDTH
TNOBREMEIE. FICHBIAGULA, EHMNBOEELR. HICEHMABER. EM
NBERBORRICIIBEELRZAMICMFTETIMETHICEL/FFELL,
AXBOBEEBRREESMLAES. ENXL— A RUVEABNAIOIETEREAIBLULEERESIL 30
THIP2ENERZEHTIEE. T bbb, AXBPORBRRBEENIHEELNENASELULIER
SNhTHZIEHNEZRZ2EITHIBAICE. BLETEUNDOEEOWEBOL L EL—IZHETS
EBEYMEBRUEAL—4, A5 I1THFORLBEEBEMER1 3 alstbiic L
L—OEBEMEE. PLIURLETEEMRERE (£/1L—4%2) 17a, 17bLU5ODH
CEZ—DEAL—4D, MBUEMEZESOIENTFELL, —KRIZ. BEEENZER
THREMERTIE. ANEROCHBERBICEOREENLRETIN. COL53L5ETI
RETEOEBHUEMEATIH, SIHFA—FP— 292N L THEICHRLIKRALT
Tbhh, BEFABIVIZK WA, PRIGEOBEENBTIE. RETBEMEAICE LT, 8
DHRIZSHYPTIHMBNEBIVYIZCL, CORH, BITHRHFAETHROLENEZICE
Cb, LEA>T. RETEUNOEBHNEOEBEYERBR S /AL —F ITTHEEHMH 40
FHERITAHELICEST, ERXL—20BBBHMOBER,;, EMRECTHNEDOSLIE - 7 ;
NODBRICEIYFRINIABOBEELRDOSSLLIMENEHICIG - BHILTE S
s FELELKSHBEZETIBEBHEENME. WMREAMLL., HICESEREFHETOMA
EARMELT, ERXL—2DI vy b EO Y EBEVEONMBICLEZATRDOEE. RU
BRERBROATRACICEIIBEHEEHMBXICIYSIZTEIIMDIENOBERGLEOEMEZERED
IZHNEl - TED., BERICEAI DELRHICELL-ELNEETE S,
[0020]

FdLizkSC. RETEBUNDEEHNBOLVAELK ELZ—DEBEMERBRUL AL E
F—DENL—RICTHBUEMBZERTLIEED., MAKMHNZERIIEBEIVERR
VENRAL—42DMEIK. HICHRBRINGELLN, EMEROLLGCLLPROBERBIZE 50
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FHREBEDERRVEANAL-—ALNMBUMBZECEAFFLL., ChiF. PRMAE
THROLEENEYDPTVWIEZZELELOTHY ., RBRIERIFARIDGCRLERENK
VEIYPLITVHRAFAEDEBWBOEBENERBR VLA L—FICHAREMBEERY
BEITEL2T,. ENRXL— 2 0BABMDERE  ERBRCLCEVEONSLE - 5E . Chiod
RBREICEIYBRENDIABOEELFOSOLIMELZLYFHICHH -FIETES, L
ST, LRLELSIGHREZATSIEREERE. MBMRALYEMLEL., HIZTHEER
FRETOMAMAIYBMELT, ABEROHTERKOBHMEELRZL Y FRICHF
TEd, ¥, BIIEEREBRTOMAMKARMELT, EAXL—2D vy FEDYU
BEYVEDARICLDAADORE, RUBRBOARLICE 2 BHEEMBRICEYSIZE
CENSEROBRGEOEMBEZAMICHS - BHLETED, COH., EFdICEN 10
AOBEMFHHRICEIVBL-BTEUINBETED. 6. FHEMEBICEVWT., TEHEROH
ROBENEICATIEBENERRUENRAL—4] LIF. EHNEZXROEASFTRADEAH
ICHEBETA2EBHBOEBENERBRVENAL—FFEKT S, flzld. EHEHRMNE D
NDEEUBMGEREIASERICEK, EATOEENRE., B, REEMNMCIEBDHEE
MEDOEBEMERERVEANAL—FELD, T, 6 D0EBEMBMGEBHRINLEAIC
F. REBIC3RVAIBZBHOEENBOEBENERBRR VLA L—INENREROPR
DEBEBHNBICETAEBEYWERBRVOE/AL—FITFZET S,

[002 1]

O, MREHME, EHUEROPROEBHUBICSETIEBEVERRV AL
—ATRALLGLCLELFERASA, HRNEMNENOEBEYERR SN L—2TLHERSL 20
B EMFFELL., FYFFLLE. FXAOERBEE LN, (nEXSULDEHTHD
) LEDBEENBMIOCEAINISEICEK. REEZ1BEBE LT, MBAEMHE, n s
4 (PHREFRYES) BEAD3n 4 (MEEYLET) BEEFTOEENRBOIER
EVMERBRUVUENL—FICOLBEIEREINLZIEAFFELLS. 3n 710 (MR
/YL BEABD7n /710 (UMNEBREYLETS) BEFTCOEBENEOEBEIVERR
VENRL—RICDBCEIFERSINEIENKYIFFELL, 7n/720 UDEBREHRY E
) BEMAS513n./20 (WNHRBYET) BEFTOEENEONEBEYERRU &
NL—BRIZL LB ERFERESINEILEARDIFELL, COIIBEEEFNFITKEN
NENEBEVERBRUV AL —FICWBREMMAEREIATLAE., EXAL—-—20ERK
BMDEH ., ERMROCEDEOSILL - 98B, CAhoDBRRICEYFTRESALIAHEDEEL 30
FOETohbdmEZLIYFMICIG -HLETES., TOHRE., LRBLELSLGEEZRT
PHEBEBHE. MEAMARMLEL., RISERFHTOMARLALLT, EAAL—452D
DY YMEOU, EBENEOSBICLIIARAOREE, RUVUEBRBBROARLIZK HEMEE
BMBXICKYSIEECSASIBENOBXRLGEOEHMEZRAMICHG - HLLTEEHL-H. B
MEGCEBAAODBEMREICEBANLBHNLEALY 535, BHE. n 74 (UNERABY L) B
Bho3n/ 4 (MERBYLEET) BEFTHOEEUBIEREFESTSAIEE. MBMEMH
T, LEBEROEENRBOEBENERS IV F-REE A L— 23 RXTIZERAENATE
HOAVWRFLEEHOEBENEOEBENERS LV FE AL 20—8IZEASH
THEWA, HELLREIRTTHD, £, LRBAICHEVT, MBUEMHEE, A—0
EEHWROEBEYPERRVENAL—FITHEASATHHIVWRELRLIEEBUEOESETE 40
MEBRUVELNAL—RICEREATIVNTIATLEIVD, FELIBIRA—OHEEREDIE
BEYWEBRSEAAL—RICEREL S,

[002 2]

ERITKATFEFLERLERZITMAT, FRATRE, EHUEROPROEBTHEICAN DT
EBEVERBRVENAL—2DOMBULECLDIEIIC, MBARMBEZEBEYERRU
TNRLUL—BRICRETHAENFFELL, ELKSIC, BHEROPRAETHICED
IEMNEZY, RETEIRBDRIGEVEOELTEICAMN > TEEDOLENEEICL
Woe SO, LRERLELSGEREICLDE, EELFOREI YT SITHA L THEMK
MMZEETEZ SO, EMOMBEZLIYARICMLESIET, EAXAL— S DERIBHMD
B EBMROEVEOSILL - NE CAHODRRICKYBRINALIABOEELRD & 50
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LEAMRE;, BOVICTHBERCHASERBOEOMEREELRZLIYBEMICHBTES, £
DR, LR LE&LS5GEEZ2ETI2BERNEML. MBELIRALL. BICTESEREBT
DWMAENRMELT, ENXAL—2D vy b EADY, EBEYVEONMBIZEITADEE
CRUBBROAARACICLSBEHERERICIYSIERIIAZEROERGEEDOHME
EEMICHEG - BHLETEDS, LEPF>T, AXHOEBREMET, EHhEMICEALDOE
MAFHICEN-EMNELY 55, COR. EBEVMERRUEARAL—2~D., TEEHH
DEEBEDHNEIL. BEELFOECYVLTIILLETHELTEERESIANIET LA,
BlZIE, BEHERAN (nES5ULOEBHTHS) ULOEEUEMNGER INBIIGSIC
F. R (nAFHTHDIBERICIE. (n+1) /2BE; nHAEBHTHDIBAIZIK. n
/2R (ns/2) +1BE) OEBEYMERBTOMBMEMBZ100EBEERLTDH L. 10
RD2FB (nAFHTHH IFHEIZEK. [ (n+1) /2] —1RUF [ (n+1) /2] +
1B nhBHRTHIBEIZIEK., (n/2) —1RU (n/2) +2EB) HOEEF
MEB~ADFMENS50~99EFEM. FYUFFLLIEB8O0O~90EBEHELEGDLSIC.
MBAMMBOEEZRLETEAMIICAN D TERBMICEL LTSI ENMFFELL, ZDE.
NMNEBEBHTHDIEEICIE. n /2BERY (n/2) +1TBEBICET2EHBEMERE~D
MBEMBOFIMEL., ThZTh, ALTH> TEIHIVWEELLIETH>TH &L F
. BUBBEICEVTE., ThEhAPLEBLELSLEAT., MBAEMHEOEZERLT
BREICAM > TEBMICELSLTWLWTFELLS., COFEIZTEVNTE., MBAEHMHEOFIMNE
DEVEEVEETAAEINZTNIZENT, A—TH>TEHIVEELDZIDTH-T
L&, T, LRBEEICETZ2ENAL—F~ADOMBMEHHEORMEICEAL TIX., FRD 2
ENRNL— 2 TOMBEMBZEZ100BEENLTEE. RO2EB (nHAFHTHHIBEITIK

[(n+1) /2] —1RU [ (n+1) 2] +1EBB; nHEHTHDISEIZIE.
(n/2) —1RUY (n/2) +2EBH) 9O L—EF~~DHEMENB80~990EEE
EUFFELLIE85~90BERMLEAESLSIC. MBKMBOEERLETERMICAL -
TEBEMIZES LT ZEATFELL, COE. nABHTHIERIZIE. n/ 2EH
BEUY (n/2) +1BEHIZETFTSAEAL—2~A~0OMBEHHEOFIMEIX. ThFh, BEL
THOTEHIVEERLDIETH>»TEL LKL, T, BELHEBEITEVLTHE., Thth
TELE&ESKHEET. MBUYEMHBOEZRLITEAMICAM > TEBMIZES LTWLITFIE
KK, ZDHBEIZEVTEH, MAKEMHBOFTMEOFRLESGVWEILETAREAETRIZE L
T.A—THoTELHI2VEELDZINDTH-o-TH L, EERBESICHENT., EBEYNE 30
BRUENL—FAFOMAMMHOBDEIEL. RO2B~OWHEMEMBORMELNS. ThZ
N, BID2B%#100HERHELEELEEIC, LEEHERNTHDZEMNFTFFELL,

[00 2 3]

FhiE,. XFEHATHE., RETELUNADITRTOENERICETIEBEBIVERER U /N
L—E2AMMBaMHHEEESO L FELHTFFELL, LR LELSIZ. RETEER1IZRS
NBEBELSCHBMEEELTVI-OEMFEABRFEFLIERBEORADEIABEVIOD. B
MAMERBDEND GBSO, BERBITEBESIA., CRICKVERLEZESBEED
BoY, EMMAELALIELTLES., LALAENS, REBHIZCED LS512. RLETEU
NDITARTOENERICETIEBEYVEBRUEAL—FICHBAEMBEZEE T I,
LtEEMFERRFEF-LIERBOBLNBOBRLEREZMA OGN L=, EMAEZA LT 40
5ENTEDL, WAIZ, LRELEELSLBEEZEILIBEELEBMET., MBEELAMEL.
BICEEREBR TOMABAALLT., EAL—42DOS vy F 4y, EBEWEDHRE
IC&EBDHTADHEE, RUBHEBROARLICL I BHREMBRICEXYSIZEEIINIERD
BMAGEDEMEZANICING -HLETES-H. EMFGRICEALIOOENHEHEICELS
BheEBmYS55%, COR. FHENEBICATIEBENEROMBUEMBOFEEZE. @
—THoTHELHDIVWEELIETH-THELT A THEIULN, BEDHEITIE., LR L
FOCEMEROTLOEBMBICETAERMEMBERR S Z/AL—FICEM > THEM
NECBIZESICTHRAUMBIABBINDIENAFFELL., COEADERDOM MM
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L&, BEOBEICEK., LR LEKSIC. EMEROPRIZE TS E/AL—FITEM>
THBUIPBECBEIELIICTHAUMBIBEESASIILIFELL., COBEOEZEFTD
MBAEMBOEF LR LEROENABTATE S,
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AERICEVWT, EBEMERBICERATETIMBAMEMBE. LEELEESIC. BEHRNE
TORELRZMH -PFLTEDILDOTHD., AHMEECTHEH. EBEIVWEBICERATED
MEBEMBLEET, 200 CULOBRNBEEZEIHILON/FELL., ABERKR. S8R
KEODENEELrROMFNE2EE T 2L, EBEMEEBICHERATCEIMABMEMH(E.
200ClETHY . FELLIF250CULE, KUYUFFLLIE3I OO CULDENEER
BEEZHETHENTELL, COLKSHRIBEEZEIIMBUMBTHIAE., WA 10
BONSVWARMGENDEBEVER TH-»-TH., BEELEZHMICHE - BHLETEEIM 5D
ThHhbd. BHE. AAMEICTEWVNT, BNMBEEEX. DSC (REEEHSH : Differenti
al Scanning Calorimetry) ZZRAWTEBHEXRERETHODEREAFE T TEBMMHIC
DWTHIELZETHY ., ERMICIETEAZICE - TAELEEEZEKT 5,
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<BOMEEOREARE>

EE (EBHRAIE) . dBLIiS2E. EM&K1IM LiIiPF«/ PC+ECZHWLI
A VBV EEET DL, ENFREBERERBOEETC1 2HBHEAERL., EILZHEAEKT S
s BiREZE., EEBENLLEEEBERANALEY . EBHMBMETILIEICHAT S, LREBTIL
SEEZTEEEHREFTHRIMIMEEZAET S, AEEHEFIERFTEIEH THREERERL 2
10C/ minTHfHES,
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AERIZEVWTHEAINIEBEMERBICERATEIMBAEMHIE., EELELELSIZ2
OO CULDEANBREEZA LENARNTCOEELRZMG - HIETEZLDTHNIEE
ICHIBRSnGULA, LREBSBEEZEFEITLILOTHHIIONFFELS, FUYFFELLCIE
LRBIBEEZAITIEBENETHDS, EARMICIE. Li FePO. (BRMEE
400CULE) . LiMnPO. (BRMEE: 400CLLE) . LiNIiPO. (B%n
fAEE : 400CHULE) . LiCoPO. (BANMEE:400CHUL) ZED. EBEE
BEIL® ; L i Mn0. (AHMEE: 300°%C) 0. EBLERIEY; L i Ni -
saMni1,3Co01.3002 (?}ﬁ\ﬁg;ﬁ{f{ 25 OOC) %0)‘ @ﬁ%gﬁﬁﬁ{i{t%ﬁt 30
NEFLND, ThoD535B., LiNii,sMni,sCo1.,3502, LiFePO
AT FELLERASIADS, CAOOTMBEMBIE, BHTERAIATIHIVET 2L E
DEEYOHRETHERINTELL, F-, EHOEBEYERICHAEMHELIERASI L
HEEICE. MBAEMHET., ESEEFNEBRTCR—DOILDOAFERINTLHIVEIEL D
FOREAINATE &KLY,

[o0027]

FHBEIMEB~AOMBMUMHEOEESEIX. LELELKSICELRETOREELR #H4
" HLETZEH3D0THNIEHICHRBIAGL, B, MEAEMBORESEE. EEBEYHE
BZHEmT 2 LE (BERSBE) CHLT, 1T0~60BEWIFELL. LYUIFE
LLIF15~508E%. Rt FFELLIE25~45BE%THD. cODLIHEHRICH 40
NiE, MBAMMHEET, EBEYVERBRITHIMBUZRETES, EHOEBIMWEREIC
TMBAMEMBAINFEAINIEZEICE. MAEMHOERX., FSEBEIVERBTCA—DOLDOHNE
AEINT1HHVEELDIILONAERAIATE &,

[00 28]

AFEHIZEWT, MAEMHOBRKIE, TOBECEHEAEZEICI > TRYFTLIBEN
Egy, fxE. sk (BERK) . K. $tK. B, BRGEENBFSAEAINSIC
BEEINEZILDCTELHEL, WThOBKTHNBEELGSHEARATED, FELLIE., ERN
BTORELROMS -BHLEBREEZEELT, BHELBREERTIIONEFELL,
VERETOSEBEMEOTFHRNELRETHAEICE. HFOBKFA—HKTHEVLWIELH
i MABRKRETRTEDEL. BV ITTIEEICEHEVE (AyvParRIL— 50
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BARXEFRLFAYD2NZAYALX) ZAVTIHI L, CZT, #dgKEEE. HFOH
BB LEOREED 2 AMDEHEOS B, RADRSIZLZLDEVS,
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AFERPITHRIMAMEMBHBOREZIEF., LBLELSICENMRBTCOERELRZIH -
ETEZ230THNEHICHBIAGEL, HIZE. MBEMHILRMRTHIBEIZIEK. B
MAMTOERELRONMS - FLEMRZEET S L., MAUEMBOEHHMFE, 0. 01
~50um, FYFFLLEFE1~20umDEHEHTHLIONFELLA, BFLIIND
DEHAICHEBINDIZEDOTELEL, . MAMMHEIN 2 XM FTHIEEICEZK 2 KA
FERBBEIT DI RAFOTEHHMEFE. FICHRBIAD2LOTEAVLA, EEO0. 01 ~1
UMmODEBEERTHIONEFEFLL, L. HEAFERICHL L DD, MEEMBILEE. BK 10
BEIZEY 2RAMFIELEZIDTHLSKTHERVWIEEFEWVSFEFTEHEHRWL, MDD EEEYE
DEHRBEIV1IRHMFOMBEE., HlZE. SEM (EEEFHEME) R, TEM (
EEEFHEME) BIRICKVAETEIENTEDS,
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LT, MBAEMHZAVTARAICRIEBIVERZRETIHFELVWAXREZERT
5, LOLGNL, REBRAK., TRAZICBREESNADIEDTIEAL,

[003 1]

EEEIVMEBOERMH (EBHMHEELENS) LLTIE., LEWMBEME (EEIVE
) DIEHLH, EFCEMREZEITIEEM. "M U85 %285FHID30Th-o-TH&l, £
MBMMEE L THBEICEAIAIBBRERELEVFOLEDESRLEY (VFHIL-—ER 2
SEEECRILY) BREIEFEEUHZEHTILOTHEVNWI LML, EFcERHEHT S E
EMBLUNAS VAR BEBERNLON S,

[003 2]

AFEHETIE., LEWMHREMBEICMA T, BEEFEASATVLI2200EBEWELHAL
T. EBEMERZEELTCH LN, AT ZZLICE-T. REEORAE, REDHEX
BEREMTES, COLIILUBADLTHMOEEETINENDEALIE. ARHIZHEIER
FHEBOMBEINEBEELALBVEETHIENTFELL., &F. AStEE (WEREHM
HEMODEBEMELDEHERZ) ICHLT,. SOEEWUTTHE I EMNFTFFELL,
[0o03 3]

TRLEESICHBAMMBEELANOEBENELZHATISESICFEFRATEIMOES 30
FMBEELTE., BITHBRIAZIZREFILIDOTEAEL, HEL2MODYVFILAFT U EMTHE
AINIEBEMEZRAVDIELENATES, EARMIZIE. LiCoO EDL I - Co
RESHIEY; Li NiOBEDLI -NiRESEILEY . Li2Cr20,, Lio:
CrO.BEDL i -CrR#EABRILEY : Li FeO BEDL i -FeREARILY
BREREVFIVLOEBIELEEHM ; V205, MnO2, TiS2, MoS:, Mo O
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ERD—HEMOXTRIZCIVERLEZIOBENHRATESZLRE. L i 2BRIEYDL S #
RLEATZESIDN. CROOHMBICRESINDILEDOTELEL, ChoOEBEMEIE.
REE. Y1V LMAEICER., E2XFEHHTHD. TORHINOMBEEMBIC
ALWadléickY, BICEBA-HAIBEERETHI LN TED, £, LEHEOH 40
NDEBEIYVEOFEHHBELLTIE., TOEERAEICHL L5, EBIVWEOISEEL. K
S, T4 ILTHAKEOBEAMSIF, 0. 1~20umDBEERTHIOAEELILE WS
2N, T LHENODEHEAICHBINZIEDOTEAEL, BH. ZEEEMEL 2 RAF
THH3IEERICEZ2RAAFEZERT 21 RAFOFEHHEE, HITHRBIADILDOTIEHE
WA, BFO0. 1~5umODEETHIDONEFTLL, L. BEAZXIZHLLEA. E
BEMENEE. BRBEICEV2RHMFIELEIDOTHCTERVWIEFEWSETHH
W "I IEBEMEOFEHRBI LV 1 RAMFOMBE. HlXIE. SEM (EEEFHE
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