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(57) Abrégée/Abstract:
A main object of the present invention Is to provide an air battery system which can restrain the internal resistance caused by the

shortage of liquid electrolyte from increasing and which can carry out a high-rate discharge. The present invention resolves the
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(57) Abrege(suite)/Abstract(continued):

above-mentioned object by providing an air battery system comprising: an air battery cell which contains an air cathode, an anode,
and a separator; and an oxygen gas supply means for supplying an oxygen gas by bubbling to a liquid electrolyte, characterized in
that the air cathode further contains an air cathode layer containing a conductive material, and an air cathode current collector for
collecting current of the air cathode layer; the anode further contains an anode layer containing an anode active material which
stores and releases a metal lon, and an anode current collector for collecting current of the anode layer; and the separator Is
provided between the air cathode layer and the anode layer, and characterized in that the air cathode layer and the anode layer are

constantly filled with the liquid electrolyte at a time of a change In a volume of the electrode caused by a discharge or a discharge
and charge.
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-~ ABSTRACT

A main object of the present invention is to provide an
air battery system which can restrain the internal resistance
caused by the shortage of liguid electrolyte from increasing
and which can carry out a high-rate discharge. The present
invention resolves the above-mentioned object by providing an
alr battery systemcomprising: an air batterycell which contains
an alr cathode, an anode, and a separator; and an oxygen gas
supply means for supplying an oxygen gas by bubbling to a liquid
electrolyte, characterized in that the air cathode further
contains an air cathode layer containing a conductive material,
and an air cathode current collector for collecting current of

the air cathode layer; the anode further contains an anode layer

containing an anode active material which stores and releases
ametal ion, and an anode current collector for collecting current
of the anode layer; and the separator 1is provided between the
alr cathode layer and the anode layer, and characterized in that
the air cathode layer and the anode layer are constantly filled
wilth the liquid electrolyte at a time of a change 1n a volume

of the electrode caused by a discharge or a discharge and charge.
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METAL-AIR BATTERY SYSTEM

Technical Field

[0001]

The present invention relates to an alr battery system

which can restrain the internal resistance caused by the shortage

of liguid electrolyte from increasing and which can carry out

a high-rate discharge.

Background Art

[0002]

The air battery is a nonaqueous battery using air (oxygen)

as a cathode active material, and has advantages such as having

a high energy density, and facilitating downsizing and weilght

saving. In such an air battery, when a metal Li is used for an

anode active material for example, the following reactions (1)
to (4) are mainly generated.

[0003]

[Chemical Formula 1]

D1SCHARGE TIME
ANODE :2Li — 2L i*+2e" (1)
AIR CATHODE : 2L i *+2e~+0, —L i 0, (2)

A little amount of L i »O may sometimes be generated other than L i , O,

CHARGE TIME
ANODE 2L i+t*+2e~- — 2
AIR CATHODE : L i ,O, — 2L |
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(0004 ]

Various researches have been conducted conventionally 1n
order to maximize the advantages of air batteries. For example,
Patent Document 1 discloses a nonaqueous electrolyte air battery
using a specific ambient temperature molten salt as a nonagueous
electrolyte. This air battery is to prevent the volatilization
of a solvent by using the specific ambient temperature molten
salt, and thereby improves discharged capacity at high
temperature and the discharged capacity after being stored under
a high humidity. Patent Document 2 discloses a nonaqueous
electrolyte battery comprising a cathode which uses a
carbonaceous substance having a specific porous capacity. This

g

focuses on the specific porous capacity of the carbonaceous

substance and the like and intends to 1ncrease the high capacity
of the battery. Accordingly, approaches to improve
functionality of constitutional member of a battery have been

the malin stream of the conventional researches.

[0005]

However, the air battery has a problem that the volume
of electrodes (air cathode and anode) changes significantly
according to a discharge or a discharge and charge, which causes
a shortage of liquid electrolyte. To specifically explain the
above-mentioned reaction, at the time of discharge, Li elutes
out as a L1 1on at the anode (reaction (1)), and lithium oxide
1s precliplitated at the air cathode (reaction (2)). At this time,
since a degree 1n density of lithium oxide (Li;0,) i1s larger than

that of Li, a shrinkage of 35 % in volume ratio as the whole

.

clectrodes 1s caused. As a result, there has been a problem of
1ncreasing the internal resistance causedby apart of air cathode

and the like not soaking into the liquid electrolyte because
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of a shortage in the liquid eleétrolyte amount occurred at end
phase of the discharge. Further, when a carbon material such
as graphite 1s used as an anode active material other than a
metal LLi, a volume change at ananode 1s less, but L1,0, 1s generated
at an air cathode and a ligquid electrolyte in the air cathode
1s pushed out. Consequently, the 1liquid electrolyte 1is
transferred to a gap or the like in the battery, and the liquid
electrolyte 1s less likely to transfer back to the air cathode
after the dissolution of Li,0, caused at the charge. As a result,
the shortage in the liquid electrolyte amount 1s caused and a
problem of increasing an 1nternal resistance 1s caused.
Therefore, an air battery which can restrain the internal
resistance caused by the shortage of liquid electrolyte from

increasing has been called for.

(0006] (0007]

On the other hand, an encapsulated type air battery 1in
which a gas such as oxygen is sealed in the battery case has
been known. For example, Patent Document 3 discloses an
encapsulated type oxide-lithium secondary battery, wherein the
gas including pressured oxydgen 1S Sealed in an exterior part
of theairbattery. Thisistorestrainthe intrusion of moisture
lnalrtothebatterybymakingtheoxide-lithiumsecondarybattery
as an encapsulated type, and thereby to l1mprove the storage
properties of the battery or the cycle life of discharge and
éharge. Nonetheless, such oxide-lithium secondary battery has
the following problems.

[0008]
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As shown 1n the above-illustrated reaction (2), an air
cathode needs oxygen and the density of oxygen dissolved in a
liquid electrolyte decreases by the reaction at a discharge.
In case of the above-mentioned oxygen-lithium secondary battery,
there has been a problem in maintaining the density of dissolved
oxygen high and the high-rate discharge has been difficult to
carry out. In the above-mentioned oxygen-lithium secondary
battery, thepressured oXygen issealedtherein. Thus, theoxygen
1s more likely to dissolve in the liquid electrolyte compare
tothe casewhennopressureisappliedtotheoxygen. Nonetheless,

it has been difficult sometimes, in this method of using the

pressure, to dissolve a sufficient amount of oxygen at short

time.

[0009]
As theotherproblem, therehasbeenadifficultyincarrying

out a high-rate charge when the pressured oxygen 1s sealed inside

a battery case. As shown in the above~illustrated reaction (4),
an air cathode generates oxygen at a charge. When the pressured
oxXxygen 1s sealed inside a battery case, the partial pressure
inside the battery case remains high, the above-illustrated
reaction (4) is less likely to be caused, so that the a high-rate

charge becomes difficult to carry out.
(0010]

Patent Document 4 disclosesametal/oxygenbattery, wherein

oxygen 1s condensed by an oxygen condenser, and the battery

comprises a means to supply the high-purity oxygen to an anode.
This intends to increase a high power by supplying the condensed
oxygen according to an output current. Further, Patent Document
S5 discloses a nonaqueous electrolyte air battery comprising a
nonagqueous liquild electrolyte in which a carbon dioxide 1is
dissolved (claim3). Thisintends torestrainadirect oxidation
of an anode by dissolving carbon dioxide into the nonaqueous

liquid electrolyte and thereby to improve cycle properties.
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Patent Document 1: Japanese Patent ApplicationPublication (JP-A)
No. 2004-119278

Patent Document Z2: Japanese Patent No. 3,515,492

Patent Document 3: Japanese Patent No. 3,764,623

Patent Document 4: JP-A No. 2002-516474

Patent Document 5: JP-A No. 2003-7357

Disclosure of the Invention

Problems to be solved by the invention

[0011]

The present invention is achieved in view of the
above-mentionedsituation, andamainobject thereof istoprovide
an alr battery system which can restrain the internal resistance
caused by the shortage of liquid electrolyte from increasing

and which can carry out the high-rate discharge.

Means for solving the problems

[0012]

To solve the above-mentioned problems, the present

invention provides an air battery system comprising: an air

battery cell which contains an air cathode, an anode, and a
separator; and an oxygen gas supply means for supplying an oxygen
gas by bubbling to a liquid electrolyte, characterized in that
the alr cathode further contains an air cathode layer containing
a conductive material, and an air cathode current collector for
collecting current of the air cathode layer; the anode further

contains an anode layer containing an anode active material which
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stores and releases a metal 1on, and an anode current collector
for collecting current of the anode layer; and the separator
is provided between the air cathode layer and the anode layer,
and characterized in that the air cathode layer and the anode
layer are constantly filled with the liquid electrolyte at a

time of a change in a volume of the electrode caused by a discharge

or a discharge and charge.

(0013]
According to the present invention, since the oxygen gas

is directly supplied by bubbling to the liquid electrolyte, it
is possible to rapidly increase a density of dissolved oxygen
in the liquid electrolyte even when the dehsity of the dissolved
oxygen in the liquid electrolyte is decreased by the discharge
reaction. Thereby, high-rate discharge can be carried out.
Further, since the air cathode layer and the anode layer are
constantly filled with the liquid electrolyte, it 1s possible
to restrain the internal resistance caused by the shortage of

ligquid electrolyte from increasing.

[0014]
Inthepresent invention, theairbatterycell ispreferably

an air battery cell whose air cathode layer and anode layer are
constantly filled with the liquid electrolyte by circulating
the liquid electrolyte. By circulating the liquid electrolyte,
it 1s possible to carry out a discharge and charge without causing
an air—-liquid interface between the liquid electrolyte and the
alr, which 1s caused when a conventional air battery cell 1s

used. 1t 1s also possible to constantly fill the air cathode

layer and the anode layer with the liquid electrolyte even when

a change 1n a volume of the electrode caused by a discharge or

a discharge and charge is caused.

[(0015])

Further 1n the present invention, the oxygen gas supply



CA 02682812 2009-10-01

means 1s preferablyprovidedinacirculatingzone forcirculating
the liquidelectrolyte. Byproviding the oxygen gas supplymeans

outside of the air battery cell, it is possible to downsize the

alr battery cell.

[0016]
In addition, in the present invention, when a height of

a ligquid level of the liquid electrolyte changes by the change

in a volume of the electrode caused by the discharge or the
discharge and charge, a position of a lowest liquid level of
the liquid electrolyte is preferably higher than a position of
a top surface of the air cathode layer and the anode layer. By
setting the amount of the 1liquid electrolyte to the

above-mentioned position, it is possible to prevent the shortage

of ligquid electrolyte.

(0017]
Still further, in the above-mentioned invention, the ailr

battery system further preferably has an inert gas supply means
for supplying an i1nert gas by bubbling to the liquid electrolyte
intheairbatterycell. Thereby, itispossibletoloweradensity
ofdissolvedoxygenintheliquidelectrolyteevenwhenthedensity
of dissolved oxygen in the liquid electrolyte is increased by

the charging reaction. As a result, the high-rate charge can

be carried out.

(0018]
In addition, the present invention provides a control

method of an air battery cell using an air battery cell which
contains an air cathode, an anode, and a separator, characterized
1n that the air cathode further contains an air cathode layer

containing a conductive material, and an air cathode current

collector for collecting current of the air cathode layer; the
anode further contains an anode layer containing an anode active
material which stores and releases a metal ion, and an anode

current collector for collecting current of the anode layer;

and the separator is provided between the air cathode layer and
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the anode layer, and characterized in that the air cathode layer
and the anode layerareconstantlyfilledwithallquidelectrolyte
at a time of a change in a volume of the electrode caused by
a discharge or a discharge and charge, and further characterized

in that an oxygen gas 1is supplied by bubbling to the liquid
electrolyte at the discharge.

[0019]
According to the present invention, since the oxygen gas

is directly supplied by bubbling to the liquid electrolyte, 1t
is possible to rapidly increase a density of dissolved oxygen

in the liguid electrolyte. Thereby, high-rate discharge can be

carried out.

[0020]
In the above-mentioned invention, 1t 1s preferable to

supply an inert gas by bubbling to the liquid electrolyte at
the charge. Thereby, it 1s possible to lower a density of
dissolved oxygen in the liquid electrolyte even when the density
of dissolved oxygen in the liquid electrolyte is increased by

the charging reaction. As a result, the high-rate charge can

be carried out.

Effects of the Present Invention

(0021]

The present invention attains an effect of providing an

alr battery system which can restrain the internal resistance

caused by the shortage of liguid electrolyte from increasing

and which can carry out a high-rate discharge.

Brief Description of the Drawings

[0022]

FIGS. 1A to 1C are each an explanatory view describing

one empodiment of theair battery systemof the present invention.



FIG. 2 is an explanatory view describing one embodiment
of the air battery system of the present invention.

FIGS. 3A and 3B are each an explanatory view describing
one empbodiment of theair battery systemof the present invention.

FIG.
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4 1s an explanatory view describing a means of

circulating the liquid electrolyte.

FIGS. 5A to 5C are each an explanatory view describing
a positional relation between the liquid level of the liqguid
electrolyte and the top surface of the air cathode laver.

FIG. 6 1s an explanatory view describlng one embodiment
of the ailr battery system of the present invention.

FIG. 7 is an explanatory view describing one embodiment

of the air battery system o:

gh—

Explanation of References

10023]
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1b
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8 . Microporous membrane

9 . Liquid electrolyte

Best Mode for Carrying Out the Invention

[0024]
Hereinafter, an air battery system and a control method

of an air battery cell of the present invention will be explained

in detail.

[0025]
A. Air Battery System

First, an air battery system of the present inventionwill
be explained. The air battery system of the present invention

comprises: an ailr battery cell which contains an air cathode,

an anode, and a separator; and an oxygen gas supply means for
supplying an oxygen gas by bubbling to a liguid electrolyte,
characterized in that the air cathode further contains an air
cathode layer containing a conductive material, andanair cathode
current collector forcollectingcurrent of theair cathode layer;
the anode further contains an anode layer contailning an anode
active material which stores and releases a metal 1on, and an
anode current collector for collectingcurrent of the anode layer;
and the separator 1s provided between the air cathode layer and
the anode layer, and characterized 1in that the air cathode layer
and the anode layer are constantly filled with the liquaid

electrolyte at a time of a change in a volume of the electrode

caused by a discharge or a discharge and charge.
[0026]

According to the present invention, the oxygen gas 1is
directlysuppliedbybubblingtotheliquidelectrolyte. Thereby,
1t 1s possible to rapidly increase a density of dissolved oxygen
in the liquid electrolyte even when the density of dissolved
oxygen in the liquid electrolyte is decreased by the discharging

reaction. As a result, the high-rate discharge can be carried

10
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out. As explained above, although a method of sealing the
pressured oxygen 1n a battery case has been known, there has
been sometimes a difficulty in dissolving a sufficient amount
of oxygen at short time in this method of using the pressure.
On the other hand, it is possible in the present invention to

actively dissolve the oxygen by bubbling so that the high-rate

discharge can be carried out.
[(0027]

Further, in the present invention, since the air cathode
layer and the anode layer are constantly filled with the liguid
electrolyte, it is possible to restrain the internal resistance
caused by the shortage of liquid electrolyte from increasing.
Still further, although it is conventionally known that the air
cathode layer and the anode layer are temporarily filled with

the liquid electrolyte (for example, paragraph [0070] of the
Patent Document 1), the method of constantly filling the air

cathode layer and the anode layer with the liquid electrolyte
1s not known at all. In the present invention, by constantly
filling the air cathode layer and the anode layer with the ligquid
electrolyte, it is possible to restrain the internal resistance
caused by the shortage of liguid electrolyte from increasing

and to obtain a higher performance air battery system.
[0028]

Moreover, as explained, the air cathode layer and the anode
layer are constantly filled with the liguid electrolyte.
Accordingly, the oxygen used in the discharging reaction can
be substantially all regarded as a dissolved oxygen dissolved

into the liquid electrolyte. As such, in an air battery system

using such an air battery cell, a decrease in density of the

dissolved oxygen can be regarded as the major factor to cause

adecreaseinthedischargeefficiency. Inthepresentinvention,

such decrease 1in density of the dissolved oxygen is prevented
byameansofdirectlybubblingoxygenintotheliquidelectrolyte,

and thereby, an air battery systemwhich can carry out a high-rate
discharge is obtained.

11
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[0029]

For example, when the air battery system of the present
invention 1s a secondary battery system, normally, an oxygen
gas is supplied at a discharge, and an oxygen gas 1s not supplied
or an inert gas to be explained later will be supplied at a charge.
By controlling the supply of anoxygengas or the like accordingly,
it is possible to carry out an optimal discharge/charge.
[0030]

Next, the air battery system of the present invention will
be explained with reference to the drawings. FIG. 1A 1s a
schematic cross-sectional view illustrating an example of the
air battery system of the present invention. FIG. 1B 1s a
diagrammatic perspective view 1llustrating the appearance of
the'air battery cell shown in FIG. 1A. The air battery system
shown in FIG. 1A comprises an air battery cell 10 and an oxygen
gas supply means 20. The air battery cell 10 comprilises: an air
cathode current collector 2 formed at the base surface of a lower
insulating case la; an anode lead 2’ connected to an air cathode
current collector 2; an anode layer 3 formed on the air cathode
current collector 2 and made of metal Li; an air cathode layer
4 containing carbons; an air cathode mesh 5 and an air cathode
current collector 6 collecting current of the air cathode layer
4; an air cathode lead 6 connected to an air cathode current
collector 6; a separator 7 provided between the anode layer 3
and the air cathode layer 4; anupper insulating case 1b comprising
amicroporous membrane 8; anda liquidelectrolyte 9 for immersing
the anode layer 3 and thealr cathode layer 4. Further, the oxygen
gas supply means 20 comprises an oxygen gas storage part 11,
a solenoid valve 12a, a pressure pump 13, a solenoid valve 12b,
and a fixing screw 14, and the means is for bubbling the liquid

electrolyte 1n the air battery cell 10 with an oxygen gas 15.
[0031)

Further, the air battery system of the present invention
may have the oxygen gas supply means 20 carry out the bubbling

from the anode layer 3 side as shown in FIG. 1C. The air battery

12
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cells 10 illustrated in FIGS. 1A to 1C are open type, but the
alr battery cell used 1n the present invention may be an open
type or an encapsulated type as explained later. Still further,
the air battery of the present invention may have an air cathode

current collector 6 attached at the tip of the upper insulating

case 1b as shown in FIG. 2.
[0032]

FIGS. 3A and 3B are each a schematic cross-sectional view
1llustrating the simplified air battery cell shown in FIG. 1A.
For convenilience sake, an air cathode current collector and an

anode current collector are omitted from the drawings. In FIGS.

3A and 3B, air battery cells have sufficiently amount of liquid
eleCtrolytes 9 (FIG. 3A). Thus, for example, even when the metal
L1 of an anode layer 3 elutes out at a discharge, a volume of
the electrode decreases, and a liquid level of the liquid
electrolyte 9 lowers as a result, 1t is possible to maintain
the position of the lowest liquid level higher than the position
of the top surface of an air cathode layer 4 (FIG. 3B). Thereby,
an alr cathode layer 4 is constantly filled with the liquid
electrolyte 9, and the internal resistance caused by the shortage
of liquid electrolyte can be restrained. Further, the oxygen
dissolved in the liguid electrolyte is used for the reaction
at a discharge. 1In the present invention, since the oxygen gas

151s fully supplied by the oxygen gas supply means 20, a high-rate
discharge can be carried out.

(00331

In the present invention, the phrase “change in a volume

of the electrode caused by a discharge or a discharge and charge”

denotes a change in volume of electrodes (air cathode and anode)
caused by a difference in the density of the generated substance
or the like when a metal ion transfers between an air cathode
layer and an anode layer according to a discharge or a discharge
andcharge. Whenanairbatterycellusedinthepresent invention

1s a primary battery, a volume change of an electrode associated

44 ' ' p ‘
to a "discharge” is concerned, and when an air battery cell is

13
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a secondary battery, a volume change of an electrode associated
to a “discharge and charge” is concerned. For example, when a
metal Ll 1s used as an anode activematerial, a reactionof eluting
the metal Li1 at the anode layer is generated (reaction (1)),
and a reaction of generating lithium oxide (Li;0,) 1s caused at
the alr cathode layer (reaction (2)) at the time of a discharge.
At this time, since a degree in density of lithium oxide (L1,03)
1s larger than that of a metal Li, the respective volumes of
the electrodes (air cathode layer and anode layer) decrease.

v

When such change 1n a volume of the electrodes 1s caused, the

air cathode layer and the anode layer are constantly filled with
the liquidelectrolyte in the air battery cell used in the present
invention.

Hereinafter, the air battery system of the present
invention will be explained by the perspectives of materials

of the air battery system and structure of the air battery system.
[0034]

1. Materials of Air Battery System

First, materials of the air battery system of the present

N

invention will be explained. The air battery system of the
present 1nvention comprises at least an air battery cell and
an oxygen gas supply means. Further, the air battery system may

comprilse an lnert gas supply means as needed. Hereinafter, the

materials of the air battery system of the present invention

wlll be explained by the perspectives of (1) Air Battery Cell,

(2) Oxygen Gas Supply Means, and (3) Inert Gas Supply Means.
[0035]

(1) Air Battery Cell

FFirst, an air battery cell used in the present invention

will be explained. The air battery cell used in the present

inventionnormally comprisesanair cathode, ananode, a separator,

a liquid electrolyte, and a battery case.
[0036]

(1) Air Cathode

An air cathode used in the present invention contains an

14
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alr cathode layer containing a conductive material and an air
cathode current collector for collecting current of the air
cathode layer. In the present invention, oxygen dissolved 1n
a liquid electrolyte reacts with a metal 1on 1in the air cathode
and a metal oxide is generated to the surface of the conductive
material. Thus, the air cathode layer has a gap to the extent
that the liquid electrolyte, which is a carrier of oxygen and

the metal ion, can sufficiently transfers.
[0037]

The conductive material 1s not particularly limited as
long as the material has conductivity. For example, a carbon
material can be cited. Further, the carbon material may or may
not have a porous structure. Inthepresent invention, amaterial
having a porous structure is preferable. Thils isbecause aporous
structure has a large specific surface and thereby capable of
providingmany reaction fields. Asaspecificexample of acarbon
material having a porous structure, a mesoporous carbon can be
cited. As specific examples of a carbon material not having a
porous structure, graphite, acetylene black, a carbon nanotube,
and a carbon fiber can be cited. Moreover, the conductive
material may have a supported catalyst. As examples of the

catalyst, cobalt phthalocyanline and manganese dioxide can be

cited.
(00381

In the present invention, the air cathode layer 1is
sufficient 1f it contains ét least the conductive material, but
preferablycontainsabindingagent tofix the conductivematerial.
Asexamplesof thebindingagent, polyvinylidene-fluoride (PVdF),
and polytetrafluoroethane (PTFE) can be cited. An amount of the
binding agent contained in the air cathode layer 1is not
particularly limited, but for example, it is preferably 30 %

by welght or lower, and particularly preferably within the range

of 1 % by weight to 10 % by weight.
(0039]

\O

\

A material for the air cathode current collector is not

15
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particularly limited as long as the material has conductivity.
For example, stainless, nickel, aluminium, iron, and titanium
can be cited. As examples of a shape of the air cathode current
collector, a foil form, a plate form, and a mesh (grid) form
can be cited. Among them, the air cathode current collector 1is
preferably a mesh form in the present invention, because it is
excellent in current collection efficiency. In such case, the
air cathode current collector in mesh form 1s provided 1in the
air cathode layer. Further, theairbatterycellmayhave another
air cathode current collector (for example, a current collector
in foil form) which collects charges collected by the air cathode
current collector in the mesh form. Moreover, in the present
invention, the battery case to be explained later may also have

P

a function of the air cathode current collector.
00407

(11) Anode

An anode used in the present invention contains an anode
layer containing an anode active material which stores and
releasesametal ion, andananode current collector forcollecting
current of the anode layer.

[0041]

The anode active material is not particularly limited as
long as it can stores and releases a metal ion. A kind of the
metal ion is not particularly limited as long as the 1on transfers
between the air cathode and the anode and generates electromotive
force. As specific examples, a lithium ion, a sodium 1on, an
aluminium ion, a magnesium ion, and a cesium 1on can be cited.

Among them, a lithium ion is preferable.
[0042)

~As for the anode active material which stores and releases
a lithiumion, an anode activematerial used for a general lithium
1on battery can be used. As specific examples, metal lithium,

a lithium alloy, metal oxide, metal sulfide, metal nitride, and

carbonmaterials suchasgraphitecanbecited. Amongthem, metal

lithium and carbon materials, and particularly metal lithium

16
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1s preferable. This 1s because, as explained 1in the
above-mentioned reaction (1), metal lithium elutes as a lithium
ion at a discharge and 1t has a large volume change.
[0043]

In the present invention, the anode layer may be sufficient
1f it contaln at least an anode active material, but may contailn

a binding agent for fixing the anode active material as needed.

A kind and an amount to be used for the binding agent are the

same as those explained in the above-mentioned “(i) Air Cathode”,

and thus, explanations here are omitted.
[0044]

The anode current collector is not particularly limited
as long as it has conductivity. For example, copper, stainless,
and nickel can be cited. As examples of a shape of the anode
current collector, a foil form, a plate form, and a mesh (grid)
form can be cited. In the present 1nvention, the battery case

tobe explained latermay also have a function of the anode current

collector.
(0045]
(11i) Separator

A separator used in the present invention 1s provided
between the air cathode layer and the anode layer. The separator
isnotparticularly limitedas longas it has functlions to separate
the air cathode layer and the anode layer, and to retaln the
liquid electrolyte. For example, porous films such as
polyethylene and polypropylene, nonwoven fabrics such as resin
nonwoven fabric and glass fiber nonwoven fabric, and polymer

materials such as those used for a lithium polymer battery can
be cited.

(0046]
(1v) Ligquid Electrolyte

A liquid electrolyte used in the present invention 1is
generally prepared by dissolving an electrolyte to an organic
solvent. As examples of theelectrolyte, inorganiclithiumsalts

such as L1PFg, LiBFy, LiCl04, and LiAsFs, and organic lithium salt
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such as LiCF3S503, LiN({(CF3S80,),, and LiC(CF3S0,)3 can be cited.
[0047]

The above-mentioned organic solvent 1s not particularly
limited as long as it can dissolve the electrolyte, but a solvent
which has high oxygen solubility is preferable. This is because
the alr cathode layer 1s constantly filled with the liguid
electrolyte and the oxygen dissolved in the solvent is used for
the reaction. As examples of the organic solvent, ethylene
carbonate (EC), propylene carbonate (PC), dimethyl carbonate

(DMC) , diethyl carbonate (DEC), ethyl methyl carbonate (EMC),

butylene carbonate, y-butyrolactone, sulfolane, acetonitrile,
1, 2-dimethoxymethane, 1,3-dimethoxypropane, diethyl ether,
tetrahydrofuran, and Z2-methyltetrahydrofuran can be cited. 1In
particular, 1n the present invention, a mixed solvent combining
EC or PC, and DEC or EMS 1s preferable. Further, in the present
invention, a low-volatile liquid such as an ionic liquid can
be used as the liquid electrolyte. This is because, by using
a low-volatile liquid, 1t 1s possible to restrailn a decrease

in liquidelectrolyte causedby volatilization so that the liquid

can be used for longer time.

[0048]
(v) Battery Case

A shape of the battery case used in the present invention
1s not particularly limited as long as 1t can store the
above-mentioned air cathode, anode, separator, and 1liquid

electrolyte. As specific examples, a coin type, a flat plate

type, and a cylindrical type can be cited.
(0049]

(2) Oxygen Gas Supply Means

Next, an oxygen gas supply means used in the present

invention will be explained. The oxygen gas supply means used
in the present invention is a means to supply an oxygen gas by
pubbling to the liquid electrolyte. The oxygen gas supply means

generally has a gas storage part for storing an oxygen gas, and
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a gas releasing part for releasing the oxygen gas. Further, the

oxygen gas supply means may have other members such as a pressure

pump, a solenoid valve, and a ball valve.

(00501
A gas releasing part for releasing an oxygen gas in the

liquid electrolyte normally has a tube shape. An inner diameter
of the tube-shape gas releasing part varies depending on factors
such as a size of the air battery cell to which the gas releasing
part 1s used. For example, 1t 1is preferably within the range
of 1 mm to 13 mm, and particularly preferably within the range
of 1 mm to 7 mm. A material for the gas releasing part 1s not
particularly limited as long as it has a resistance to the liquid
electrolyte and the 1like, and a general material such as a resin,
a rubber and a metal can be used.

0051}

When the gas releasing part has a tube shape as explained,

the oxygen gas is released fromits tip and the bubbling is easily

carried out. In particular, in the present invention, bubbles

of the released oxygen gas are preferably fine. This is because,
the fine bubbles increase the contact area to the liqgquid
electrolyte and allow an effective increase in the density of
the dissolved oxygen. From such point of view, the gas releasing
part releasing the oxygen gas preferably has a bubble
miniaturization means in the present invention.

[0052]

The bubble miniaturization means 1s not particularly

F

limited as long as oxygen gas bubbles of the desired size can

be obtained. Forexample, aporousmaterial havingabound porus,

and a member having a slit-form opening part can be cited. As

the porous material having a bound porus, a so-called bubbler
or the like can be cited and fine bubbles are produced by the
gaspassingitsporouspart. Similarly, finebubblesareproduced

by the gas passing the slit when the member having a slit-form
opening part is used.
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[0053]

Further, asexplainedabove, the finer thebubbles of oxygen
gas generated are, it is more preferable. A diameter of a bubble
of the oxygen gas is not particularly limited. For example, 1t
is preferably 8 mm or smaller, and particularly preferably 1
mm or smaller.

[0054]

In the present invention, a gas supplled by the oxygen
gas supplymeans isnot particularly limitedas longas it contains
an oxygen gas, and it may be of only an oxygen gas, or be a mixed
gas of an oxygen gas and the other gas. Using of only an oxygen
gas is preferable from the view point of promoting a discharge
reaction, and using of a mixed gas is preferable from the view
point of controlling the reactivity of the discharge reaction
or the view point of preventing the excessively high oxygen
density.

[0055]

As examples of the other gas used with the oxygen gas,

a nitrogen gas, an argon gas, and a helium gas can be cited.

From the view point of reactivity with a metal l1ithium, an argon
gas and a helium gas is preferable, and an argon gas 1S more
preferable. From the view point of cost reduction, a nitrogen
gas is preferable. Further, a ratio of oxygen in the mixed gas
is not particularly limited. For example, a ratio of 50 % by
volume or more is preferable, and 80 $ by volume or more 1S
particularly preferable. The gas supplied by the oxygen gas
supply means may be air. In such a case, 1t 1s preferable to
use a dehydrating agent to prevent absorption of moisture, or
to use a member such as a oxygen enrichment membrane to prevent

permeance of carbon dioxide or the like.

(0056]
(3) Inert Gas Supply Means

Next, aninert gas supplymeansusedinthepresent invention

will be explained. The air battery system of the present
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invention preferably has an inert gas supply means for supplying

an inert gas by bubbling to the liquid electrolyte. By lowering

P

a density of the dissolved oxygen, the oxygen 1s generated by

anair cathode at a charge as shown in the above-mentioned reaction
(4), the reaction (4) is smoothly promoted. As a result, 1t 1is
possible to carry out a high-rate charge.

10057]

The 1nert gas supply means generally has a gas storage

part for storing an inert gas, and a gas releasing part for
releasing the inert gas. Further, the inert gas supply means
may have other members such as a pressure pump, a solenoid valve,
and a ball valve. Moreover, the gas releasing part from which

the inert gas is released preferably has a bubbleminiaturization

means. Details of the above are the same to those explained 1n

the above-mentioned section of ”(2) Oxygen Gas Supply Means”,

and thus, explanations here are omitted.
[0058]

The inert gas used in the present invention 1s not
particularly limited as long as it does not adversely affect
substantially other members such as the air cathode, the anode,
andthe liquidelectrolyte. Forexample, anitrogengas, anargon
gas, and a helium gas can be cited. From the view point of
reactivity with a metal lithium, an argon gas and a helium gas
is preferable, and an argon gas 1s more preferable. Froma view
point of cost reduction, a nitrogen gas 1s preferable. Further,
in the present invention, the inert gas may be used by a single
kKind only or mixture of plural kinds.

[0059]
2. Structure of Air Battery System

Next, a structure of an air battery system of the present
invention will be explained. The air battery system of the

present 1nvention comprises at least an air battery cell and

an oxygen gas supply means. Here, the air battery cell, one of
the components of the air battery systemof the present invention,

has 1ts air cathode layer and anode layer constantly filled with
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the liguid electrolyte at a time of a change in a volume of the
electrode caused by a discharge or a discharge and charge, and
has various structural embodiments explained later. In view of

P

this, the structure of the air battery system of the present

invention will be explained according to each structural

embodiment of the air battery cell.
[0060]

(1) Structure for Circulating Liquid Electrolyte

As one of the structures of the air battery cell of the
present invention, a structure for circulating the liquid
electrolyte can be cited. In other words, the air battery cell
used in the present invention is preferably an air battery cell
whose air cathode layer and anode layer are constantly filled
with the liquidelectrolytebycirculatingthe liguidelectrolyte.
By circulating the liquid electrolyte, it 1s possible to carry
out adischarge andchargewithout causinganair-liquidinterface
between the liquid electrolyte and the air, which 1s caused when

a conventional alr battery cell is used. It 1is also possible

to constantly fill the air cathode layer and the anode layer
with the liquid electrolyte even when a change in a volume of
the electrode caused by a discharge or a discharge and charge
1s caused. Further, 1t is possible to obtain an advantage of
preventing the decrease 1in liquid electrolyte caused by
volatilization. In addition, by not supplying the oxygen gas
but by circulating the liquidelectrolyte at the time of charging,
1t 1s possible toefficiently remove oxygen caused by the charging

reaction from the air cathode laver.
(00611

As the specific example of the structure for circulating
the liquid electrolyte, as shown in FIG. 4, a structure of
circulating the liquid electrolyte 9 to an order of an anode
layer 3, a separator 7, and an air cathode layer 4 using a liquid
electrolyte transferring means 21 such as a motor can be cited.
At a discharge, an oxygen gas 22 is supplied to the air cathode

layer 4 using an oxygen gas supply means 20, and the excessive
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oxygen is removed by an exhaustingmeans 23. The exhaustingmeans
23 18 not particularly needed 1f the oxygen gas supply means
20 can appropriately raise the oxygen density dissolved in a
liquid electrolyte 9. Further, the liquid electrolyte may be
circulated to a direction opposite to the direction of the liquid
electrolyte 1llustrated 1in FIG. 4 at a time of a charge. In FIG.
4, anair cathode current collector and an anode current collector
are omitted for convenience sake. Current may be collected in
an appropriate method.

[0062]

In other words, in the present invention, the air battery
cell preferably further has a liquid electrolyte transferring
means of circulating the liquid electrolyte. Further, the air
battery cell preferably has an exhausting means to remove excess
air.

[0063]
(2) Structure of Using a Large Amount of Liquid Electrolyte

As a structure of the ailir battery cell used in the present
invention, a structure of using a large amount of liguid
electrolyte can be cited. As shown in FIGS. 3A and 3B, by using
sufficiently large amount of liquidelectrolyte 9, it is possible
to prevent the air cathode layer 4 from having a shortage of
liquid electrolyte, and to constantly filling the air cathode
layer and the anode layer with the liquid electrolyte at a time

of a change in a volume of the electrode caused by a discharge

or a discharge and charge.
[0064]

In other words, in the present invention, when a height
of a 11quid level of the 1liquid electrolyte changes by the change

1n a volume of the electrode caused by the discharge or the
discharge and charge, a position of a lowest liquid level of
the liquid electrolyte is preferably higher than a position of
a top surface of the air cathode layer and the anode layer. By
setting the amount of the liquid electrolyte to the

above-mentioned position, it is possible to prevent the shortage
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of 1liquid electrolyte. For example, when a metal L1 1s used for
the anode layer, a reaction of lithium elution 1s caused by the
discharge and the whole volume of the electrode decreases.
Accordingly, the liquid level of the liquid electrolyte at the
time when the discharge is completed 1s regarded as the lowest

liquid level position of the liquid electrolyte.
[0065]

The phrase “top surface of the air cathode layer and the

anode layer denotes, dependingon the structureof theairbattery

cell: a top surface of the air cathode layer, a top surface of

the anode layer, and a top surface of the air cathode layer and
the anode layer. Each cases will be explained with reference
to FIGS. 5A to 5C. For convenience sake, an air cathode current

collector and an anode current collector are omitted from the

drawlings.
[0066]

FFIG. 5A is a schematic cross-sectional view illustrating

thatapositionofthelowestliquidleveloftheliquidelectrolyte
is higher than a position of the top surface of the air cathode
layer. In FIG. 5A, an anode layer 3, a separator 7, and an air
cathode layer 4 are formed from an inside bottom surface of a
battery case 1 1n this order, and the lowest position of the
liquid electrolyte 9 is higher than the top surface of the air
cathode layer 4. FPurther, 1n FIG. 5A, an oxygen gas supply means

20 isprovided suchthat theoxygengasistransferredhorizontally

on the surface of the air cathode layer 4.
[0067]

FIG. 5B 1is a schematic cross-sectional view illustrating
thatapositionofthelowest liquidleveloftheliquidelectrolyte
1s higher than a position of the top surface of the anode layer.
In FIG. 5B, an air cathode layer 4, a separator 7, and an anode
layer 3 are formed from an inside bottom surface of a battery

case 1 in this order, and the lowest position of the liquid

electrolyte 9 is higher than the top surface of the anode layer

3. Further, in FIG. 5B, an oxygen gas supply means 20 is provided
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vertically upward such that the oxygen gas 1s released to the
surface of the air cathode layer 4. 1In addition, since this air
batterycell hasastructurewheretheaircathode layerisprovided

below the anode layer, an exhausting means 23 may be provided

as needed.
[0068]

FIG. 5C 1s a schematic cross—-sectional view illustrating
thatapositionofthelowestliquidlevel oftheliquidelectrolyte
1s higher than a position of the top surface of the air cathode
layer and the anode layer. 1In FIG. 5C, a separator 7, an anode
layer 3 formed on one surface of the separator 7, and the air
cathode layver 4 formed on the other surface of the separator
7 are provided, and the lowest position of the liquid electrolyte

9 1s higher than the top surface of the anode layer 3 and the

alr cathode layer 4. Further, in FIG. 5C, an oxygen gas supply

means 20 1s provided vertically upward such that the oxygen gas

1s released to the surface of the air cathode layer 4.
[0069]

In air battery systems 1llustrated in FIGS. 5A to 5C, all
of the air battery cells are of an open type. However, the air
pattery system of the present invention may have an air battery
cell of an encapsulated type because the system has an oxygen
gas supply means. Fromthe viewpolnt that the encapsulated type
can prevent the infiltration of water, the air battery cell used
1n the present invention is preferably an encapsulated type air
battery cell. When using an encapsulated type air battery cell,
the air proof design needs to be appropriately planed or it 1s
pr

in order to lowering the pressure inside the battery case.
[0070]

iy

eferable to provide an exhausting means to an air battery cell

In the present invention, the position of the lowest 1liquid
level of the liquid electrolyte is preferably higher than the
position of the top surface of the air cathode layer and the
anode layer. A difference between the position of the lowest

liquid level of the liquid electrolyte and the position of the
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top surface of the air cathode layer and the anode layer depends
on factors such as a volume of the battery case to be used. For
example, the difference is preferably within the range of 1 mm
to 30 mm, and particularly preferably within the range of 3 mm
to 10 mm. When the difference in heights are too small, shortage
in the liquid electrolyte 1s easily caused due to the

volatilization of the solvent or the like, and when thedifference

in heights are too big, supply of oxygen becomes late so that
the high-rate discharge properties may be adversely affected.
Further, an initial input amount of the liquid electrolyte 1is
preferablydecided tothe optimal amount by preliminarymeasuring
or calculating the change in a volume of the electrode caused
by a discharge or a discharge and charge.

[0071]

Moreover, a shape of the electrode body (air cathode layer,
anode layer, and a separator) 1s not particularly restricted.
As specific examples, a flat plate type, a cylindrical type,
and a wound type can be cited.

[0072]
(3) Provision of Oxygen Gas Supply Means

Next, a provision of an oxygen gas supply means in the
present invention will be explained. 1In the present invention,
the oxygen gas supply is supplied by bubbling to the liquid
electrolyte. Thereby, it 1s possible to rapidly increase a
density of dissolved oxygen in the ligquid electrolyte even when
the density of the dissolved oxygen in the liquid electrolyte

1s decreased by the discharge reaction. As a result, a high-rate

discharge can be carried out.
[0073]

A position of providing a gas releasing part of the oxygen
gas supplymeansisnotparticularlylimitedas longastheposition
1s a position which allows the density of the oxygen dissolved
in the liquid electrolyte to increase, and an arbitrary position
can be selected. 1In particular, in the present invention, the

gas releasing part is preferably located in the vicinity of the
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alr cathode layer. This 1is because a large amount of oxygen 1s
used 1n the air cathode layer due to a discharge reaction. In
the present invention, a distance between the gas releasing part
of the oxygen gas supply means and the ailir cathode layer varies
depending on factors such as the flow rate of the oxygen gas.
For example, it is preferably within the range of 1 mm to 10

mm, and particularly preferably within the range of 2 mm to 5

mm.
[0074]

As explained in the above-mentioned section " (2) Structure

of Using a Large Amount of Liquid Electrolyte’, the air battery

cell used in the present invention may have its liquid level
of the liquid electrolyte changed by the change in a volume of
the electrode caused by a discharge or a discharge and charge.
In such cases, it 1s preferable to provide the gas releasing

part 1n amanner such that an appropriate bubbling canbe conducted

even at the lowest liquid level.
[(0075]

A direction to which the gas releasing part of the oxygen
gas supply means faces 1s not particularly limited as long as
1t can increase the density of dissolved oxygen in the liquid
electrolyte, and an optional direction can be selected. 1In
particular, thedirection of the gas releasing part is preferably
the one at which the bubbles of the oxygen gas stay in the liquid
electrolyte for a long time. As specific examples of the gas
releasing part direction, the followings can be cited: a case
when the gas releasing part i1s provided such that the oxygen
gas 1s released to the vertically downward direction as shown
in FIG. 3A; a case when the gas releasing part is provided such
that the oxygen gas is released to the horizontal direction as
shown in FIG. 5A; and a case when the gas releasingpart is provided
such that the oxygen gas is released to the vertically upward

direction as shown in FIGS. 5B and 5C.
[0076]

In the present invention, the oxygen gas may be supplied
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to the liquid electrolyte inside or outside of the air battery
cell. As explalned, when the air battery cell 1s an air battery
cell which constantly fills the air cathode layer and the anode
layerbycirculatingthe ligquidelectrolyte, the oxygen gas supply
means may be provided 1n a circulating zone for circulating the
liquid electrolyte. By providing the oxygen gas supply means
outside of the air battery cell, it is possible to downsize the

air battery cell. The phrase “circulating zone” denotes a zone

outside of the air battery cell and a zone used for circulating
the liquid electrolyte.
[0077]

As a specific example of an ailr battery system i1n which

oxygen is supplied in such circulating zone, anair battery system

shown in FIG. 6 can be cited. The air battery system of FIG.

6 1s an ailr battery system, wherein a liquid electrolyte 9 1s

clrculated between an anode layer 3, a separator 7, and an air
cathode layer 4 1n this order using a liquid electrolyte
transferring means 21 such as a motor, and wherein the system
comprises an oxygen gas supply means 20 having a bubble generator
17, a solenoid valve 12 and an oxygen gas storage part 11 is
provided at the downstream side of the liguid electrolyte
transferring means 21. The air battery system illustrated in
FIG. 6i1s tosupply anoxygengas tothe liquidelectrolyte outside
of the air battery cell. However, an oxygen gas may be supplied

to the liquid electrolyte inside of the air battery cell as shown
in FIG. 4.

[0078]

Further, the oxygen gas supply means‘ used 1n the present
lnvention may also have the above-mentioned function of inert
gas supply means. As a specific example, as shown in FIG. 7,
an air battery system, wherein an oxygen gas supply means 20
has an oxygen gas storage part 11 and an inert gas storage part
16, and the oxygen gas or inert gas can be used by switching
a solenoid valve 12 . The air battery system illustrated in FIG.

/ uses an encapsulated type air battery cell 10 and comprises
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anexhaustingmeans 23 forloweringthepressureinsidethebattery

case 1,

The oxygen gas supply means used 1n the present invention
may have one or plural gas releasing parts. Further, in the
present invention, the oxygen gas supply means and the inert
gas supply means may be provided separately.

(0079]
(4) Provision of Inert Gas Supply Means

Next, aprovisionof ari inert gas supplymeans in the present
inventionwill be explained. Inthepresent invention, the inert
gas supply 1s supplied by bubbling to the liquid electrolyte.
Thereby, it 1s possible to decrease a density of dissolved oxygen
in the liquid electrolyte even when the density of the dissolved
oxygen 1n the liquid electrolyte is increased by the charge
reaction. As a result, a high-rate charge can be carried out.
[0080]

A position to provide the inert gas supply means 1s not
particularly limited as long as it is a position which can lower
the density of oxygen dissolved in the liquid electrolyte, and
an arbitrary position can be selected. 1In particular, in the
present invention, the gas releasing part is provided preferably
in the vicinity of the air cathode layer. This is because, a
large amount of oxygen 1s generated in the air cathode layer
by a charging reaction. The distance between the gas releasing
part and the air cathode layer of the 1nert gas supply means,
the direction of gas releasing part of the inert gas supply means,

and the circulating zone are the same to those explained in the

above-mentioned section of “(3) Provision of Oxygen Gas Supply

2

Means”, and thus, explanations here are omitted.
[0081]

B. Control Method of Air Battery Cell

First, a control method of an air battery cell for the
present invention will be explained. The control method of an

alr battery cell of the present invention uses an air battery

cell which contains an air cathode, an anode, and a separator,
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characterized 1n that the air cathode further contains an air
cathode layer containingaconductivematerial, andanair cathode
current collector forcollectingcurrent of theair cathode layer;
the anode further contains an anode layer containing an anode
active material which stores and releases a metal 1on, and an
anode current collector forcollectingcurrent of the anode layer;
and the separator is provided between the air cathode layer and
the anode layer, and characterized in that the air cathode layer
and the anode layerareconstantlyfilledwithaliquidelectrolyte
at a time of a change in a volume of the electrode caused by
a discharge or a discharge and charge, and further characterized
in that an oxygen gas 1s supplied by bubbling to the liquid
electrolyte at the discharge.
[0082]

According to the present invention, since the oxygen gas
is directly supplied by bubbling to the liquid electrolyte, it
1s possible to rapidly increase a density of dissolved oxygen

inthe liquidelectrolyte, andahigh-ratedischargecanbecarried

out.
[0083]

When the air battery cell used in the present invention
1s a secondary battery, it is preferable to stop the supply of
the oxygen gas at the time of charge. Thereby, the density of
dissolved oxygen in the liquid electrolyte is prevented from

increasing and the charging reaction is smoothly progressed.

Further, when the air battery cell used is an air battery cell

whose air cathode layer and anode layer are constantly filled
wilth a liquid electrolyte by circulating the liquid electrolyte,
1t 1spossibletoefficiently remove oxygen caused by the charging

reaction from the air cathode layer by circulating the liquid

electrolyte without supplying the oxygen gas.
(0084 ]

Further, in the present invention, it is preferable to
supply the inert gas to the liquid electrolyte at a time of a

charge. Thereby, it is possible to decrease the density of the
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dissolved oxygen i1n the liquid electrolyte even when the density
of the dissolved oxygen 1n the liquid electrolyte increases
according to a charging reaction. As a result, the high-rate
charge can be carried out.

As the air battery cell, the means of supplyling the oxygen
gas and the inert gas to the liquidelectrolyte, and other factors
of the present invention are the same as those explained in the

above-mentioned section “A. Air Battery System’, explanations
here are omitted.

[0085]

The present inventionisnot limitedto the above-mentioned
embodiments. The above embodiments are mere 11lustrative, and
the present invention encompasses any embodiments that have
substantially the same constitution and exhibit the same working

effect asthe technical 1ideadescribedintheclaims 1n the present

application.

EXAMPLES
10086]

Hereinafter, the present invention will be further

specifically explained by ways of the following examples.

[Example 1]

The present example will be explained with reference to
FIG. 1A. Assembling of the following cell was conducted 1n an
argonbox. First, anaircathode current collector 2was provided

1n the inside of a lower insulating case la, and the air cathode

current collector 2 was jointed to an anode lead 2'. The anode

lead 2' ran through the lower insulating case la and penetrated

to the outside. Next, an anode layer 3 was provided on the ailr

cathode current collector 2. Then, an air cathode current
collector 6 was provided in the middle of the lower insulating

case la, and the air cathode current collector 6 was jointed

to an air cathode lead 6. The air cathode lead 6 ran through

the lower insulating case la and penetrated to the outside.

Further next, a separator 7 was provided in the upper middle
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of the lower 1nsulating case la, and an air cathode mesh 5 and
an air cathode layer 4 were provided thereon.
(0087]

The inner side of the lower insulating case la was threaded
and could be connected with the screw cutting made outside of
upper insulating case 1lb. The upper insulating case 1lb could
be fixed by sandwiching the separator 7 and the air cathode mesh
5 with the lower insulating case la via a gasket. At this time,
since the alr cathode mesh 5 had a larger diameter than that

of the separator 7, the air cathode mesh 5 and the air cathode

current collector 6 contacted each other at the outside of the
separator 7. Next, a liquid electrolyte 9 was 1njected between
the lower insulating case la and the upper insulating case 1Db.
The liquid electrolyte 9 was 1njected until an air cathode layer
4 was completely dipped when the cell was provided horizontally.
Further next, the anode lead 2’was connected toanegative terminal

and the air cathode lead 6 was connected to a positive terminal.
10088

Next, a gas 1njecting hose (oxygen gas supply means 20)
was provided in such a manner that it penetrated the upper
insulating case 1b and was fixed with a fixing screw 14. The
oxygen gas supply means 20 comprised an oxygen gas storage part
11, a solenoid valve 12Z2a, a pressure pump 13, and a solenoid
valve 12b. Further, in this air battery system, the solenoid
valves 12a and 12b opened at the starting of a discharge, the
pressure pump 13 was activated to send a gas from the oxygen
gas storage tank 11. The air batterysystemwas designed to close
the solenoid valves 12a and 12b, and to stop the pressure pump

13 when the discharge was completed.
(0089]

[Example 2]

The present example will be explained with reference to

FIG. 2. Assembling of the following cell was conducted in an

argon box. First, a nickel mesh(thickness 150 um, diameter 40
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mm) was provided as an air cathode current collector 2 at the
inside of a lower insulating case la made of Teflon (Registered

Trademark) and having a diameter of 80 mm, and the air cathode

current collector 2was jointedtoananode lead 2’ (madeof nickel).

The anode lead 2 ran through the lower insulating case la and

penetrated to the outside. Next, an anode layer 3 was provided
on the air cathode current collector 2. The anode layer 3 was
a metal lithium foil and a foill having a thickness of 250 um
punched out and processed to a layer having a diameter of 20
mm was used. This anode layer 3 was pressure bonded to the mesh

of the air cathode current collector 2. Then, a separator 7 (made

of polyethylene, thickness 25 um, diameter o0 mm) was provided

in the upper middle of the lower insulating case la, and an air
cathode mesh 5 (made of nickel, thickness 150 um, diameter 60
mm) and an air cathode layer 4 were provided thereon. The air
cathode layer 4 used was prepared by kneading 80 weight parts
of Ketjen Black and 10 parts by weight of manganese dioxide 1n

P

an agate mortar, then adding 10 parts by weight of

polytetrafluorocethane (PTFE), and further kneading the resultant.
The air cathode layer 4 was processed to have a diameter of 16

mm and then pressed to the center part of the air cathode mesh

5 to be pressure bonded thereto.

[0090]

The inner side of the lower insulating case la was threaded

and could be connected with the screw cutting made outside of
upper insulating case 1b (made of Teflon (Registered Trademark),
outside diameter 60 mm). At the tip of the upper insulating case
lb, acurrentcollectormadeofnickel (thickness2mm) was attached
as an alr cathode current collector 6 and was further connected
to an air cathode lead 6. The upper insulating case 1lb could
be fixed by sandwiching the separator 7 and the air cathode mesh
Swiththe lower insulatingcase la. At thistime, the air cathode
current collector 6 and the air cathode mesh 5 were provided

Lo contact each other. Next, a liquid electrolyte 9 (prepared
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byusingamixedsolvent of 30partsbyvolume of ethylene carbonate
and /0 parts by volume of ethyl methyl carbonate as a solvent,
and mixing into the solvent 1 molecular volume of LiPFg as an

electrolyte salt) was injected between the lower insulating case

la and the upper insulating case 1lb. The liquid electrolyte 9
was 1njected up to the height 5 mm up of the air cathode layer
4 when the cell was provided horizontally, and the air cathode

layer 4 was completely dipped. Further next, the anode lead 2’

was connected to a negative terminal and the air cathode lead

6 was connected to a positive terminal.
[0091]

Next, a gas i1njecting hose (oxygen gas supply means 20,
a tubemade of Teflon (Registered Trademark) and having an outside

diameter of 6.4 mm) was provided in such amanner that it penetrated

the upper insulating case 1lb and was fixed with a fixing screw
14. Theoxygengas supplymeans 20 comprisedanoxygengas storage
part 11, a solenoid valve 12a, a pressure pump 13, and a solenoid
valve 12b. Further, in this air battery system, the solenoid
valves 1Z2a and 12b opened at the starting of a discharge, the
pressure pump 13 was activated to send a gas from the oxygen
gas storage tank 1ll. The air battery systemwas designed to close

the solenoid valves 12a and 12b, and to stop the pressure pump

13 when the discharge was completed.
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CLAIMS:
1. An alr battery system comprising:

an alr battery cell which contains an air cathode, an anode,
and a separator; and

an oxygen gas supply means for supplylng an oxygen gas by

bubbling to a nonagueous liquid electrolyte,

wherein the air cathode further contains an ailr cathode

layer contalining a conductive material, and an ailr cathode

current collector for collecting current of the air cathode
layer; the anode further contains an anode layer containing an
anode active material which stores and releases a metal i1on, and
an anode current collector for collecting current of the anode
layer; and the separator 1s provided between the air cathode layer
and the anode layer, and

wherein the air cathode layer and the anode layer are
constantly filled with the nonagueous liquid electrolyte at a
time of a change in a volume of the air cathode and the anode

caused by a discharge or a discharge and charge.

2. The air battery system according to claim 1, wherein the

alr battery cell 1s an air battery cell whose air cathode laver

and anode layer are constantly filled with the nonagueous ligquid

electrolyte by circulating the nonagueous liquid electrolvte.

3. The air battery system according to claim 2, wherein the
oxygen gas supply means 1s provided 1n a circulating zone for

circulating the nonaqueous liquid electrolyte.

4. The ailr battery system according to claim 1, wherein, when
a height of a 1liquid level of the nonaqueous liquid electrolvyte

changes by the change 1n a volume of the electrode caused by the

discharge or the discharge and charge, a position of a lowest
liquid level of the nonaqueous liquid electrolyte is higher than

a position of a top surface of the air cathode layer and the anode

layer.
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5. The air battery system according to any one of claims 1
to 4, wherein the air battery system further has an inert gas
supply means for supplying an 1inert gas by bubbling to the

nonaqueous ligquid electrolyte.

6 . A control method of an ailir battery cell using an air battery
cell which contains an air cathode, an anode, and a separator,

wherein the air cathode further contains an air cathode
layer containing a conductive material, and an ailir cathode
current collector for collecting current of the air cathode
layver; the anode further contains an anode layer containing an
anode active material which stores and releases a metal 1on, and

an anode current collector for collecting current of the anode

aver; and the separator i1s provided between the air cathode layer

and the anode laver, and

wherein the ailr cathode layer and the anode layer are
constantly filled with a nonaqueous liquid electrolyte at a time
of a change 1in a volume of the air cathode and the anode caused
by a discharge or a discharge and charge, and further

wherein an oxygen gas 1s supplied by bubbling to the

nonagueous liguild electrolyte at the discharge.
7 . The control method of an air battery according to clalim

6, whereiln an inert gas 1s supplied by bubbling to the nonagueous

liguid electrolyte at the charge.
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