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(57) ABSTRACT 

An assembled battery includes a plurality of air cells arranged 
in a horizontal direction and a plurality of connection flow 
paths. Each air cell includes a storage portion between a 
positive electrode and a metal negative electrode to store an 
electrolysis solution. The storage portions of the respective 
adjacent air cells communicate with each other by the respec 
tive connection flow paths. An insulation fluid for electrically 
insulating the electrolysis solution in the respective adjacent 
air cells is sealed in the respective connection flow paths. 
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ASSEMBLED BATTERY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims priority to Japanese 
Patent Applications Nos. 2012-051670 filed on Mar. 8, 2012, 
and 2013-039171, filed on Feb. 28, 2013, each incorporated 
herein in its entirety. 

TECHNICAL FIELD 

0002 The present invention relates to an assembled bat 
tery including a plurality of air cells aligned therein using 
oxygen as a positive electrode active material. 

BACKGROUND 

0003. There are known air cells including, for example, an 
injection-type air-Zinc cell described in Japanese Examined 
Utility Model Application Publication No. 59-029330. The 
air cell described in Japanese Examined Utility Model Appli 
cation Publication No. 59-029330 includes a cell casing 
including two air electrodes attached to both side surfaces 
thereof facing each other, the cell casing being divided, by a 
partition plate, into two spaces in which Zinc electrodes are 
inserted. The partition plate is provided with recesses on both 
surfaces filled with fused alkali fixed thereto. Accordingly, a 
pair of cells is formed in the cell casing. Once wateris injected 
into the cell casing, the alkali-fixed plate is fused to produce 
an alkali electrolysis Solution having a predetermined con 
centration and thereby start power generation. 

SUMMARY 

0004. However, since the conventional air cell is provided 
with a pair of cells formed in one cell casing, there is a risk of 
a short circuit (liquidjunction) of the paired cells via the alkali 
electrolysis solution after the injection of the water. 
0005. In recent years, research and development of air 
cells used for main power Supplies or auxiliary power Sup 
plies in moving bodies such as automobiles are being carried 
out. When an air cell is used for a main power Supply or an 
auxiliary power Supply in a moving body, a large number of 
air cells are required so as to be assembled to form an 
assembled battery. Accordingly, it is considerably important 
to prevent a short circuit caused as described above. 
0006. The present invention has been made in view of the 
above-described conventional problem. An object of the 
present invention is to provide an assembled battery including 
a plurality of air cells aligned thereincapable of preventing a 
short circuit due to an electrolysis solution in the respective 
adjacent air cells. 
0007 An assembled battery according to an aspect of the 
present invention includes: two or more air cells arranged in 
a horizontal direction, eachair cell including a storage portion 
between a positive electrode and a metal negative electrode to 
store an electrolysis solution; and a connection flow path 
member including one or more connection flow paths by 
which the storage portions of the respective adjacent air cells 
communicate with each other, wherein an insulation fluid for 
electrically insulating the electrolysis solution in the respec 
tive adjacent air cells is sealed in the connection flow path 
member. 
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BRIEF DESCRIPTION OF DRAWINGS 

0008 FIG. 1 is a cross-sectional view for explaining a 
configuration of an assembled battery according to a first 
embodiment of the present invention. 
0009 FIG. 2A is a cross-sectional view showing an 
injected State of an electrolysis solution in an assembled 
battery according to a second embodiment of the present 
invention. 
0010 FIG. 2B is a cross-sectional view showing an 
injected state of an insulation fluid in the assembled battery 
according to the second embodiment of the present invention. 
0011 FIG. 3 is a cross-sectional view for explaining a 
configuration of an assembled battery according to a first 
modified example of the second embodiment of the present 
invention. 
0012 FIG. 4 is a cross-sectional view for explaining a 
configuration of an assembled battery according to a second 
modified example of the second embodiment of the present 
invention. 
0013 FIG. 5A is a cross-sectional view for explaining a 
configuration of an assembled battery according to a third 
embodiment of the present invention. 
0014 FIG. 5B is a cross-sectional view showing an elec 
trolysis Solution tank in the assembled battery according to 
the third embodiment of the present invention. 
0015 FIG. 6 is a cross-sectional view for explaining a 
configuration of an assembled battery according to a first 
modified example of the third embodiment of the present 
invention. 
0016 FIG. 7 is a cross-sectional view for explaining a 
configuration of an assembled battery according to a second 
modified example of the third embodiment of the present 
invention. 
0017 FIG. 8A is a perspective view showing an assembled 
battery in an exploded State for explaining a configuration of 
the assembled battery according to a fourth embodiment of 
the present invention. 
0018 FIG. 8B is a perspective view showing the 
assembled battery in an assembled State according to the 
fourth embodiment of the present invention. 
0019 FIG. 9A is a perspective view showing an injected 
state of an electrolysis solution in the assembled battery 
shown in FIG. 8B. 
0020 FIG.9B is a perspective view showing an injected 
state of an insulation fluid in the assembled battery shown in 
FIG. 8B. 

0021 FIG.9C is a perspective view showing a state where 
the injection of the electrolysis solution and the insulation 
fluid is completed in the assembled battery shown in FIG. 8B. 

DESCRIPTION OF EMBODIMENTS 

First Embodiment 

0022 FIG. 1 is a cross-sectional view for explaining a 
configuration of an assembled battery C1 according to a first 
embodiment. The assembled battery C1 shown in FIG. 1 
includes a plurality of (three in the present embodiment) air 
cells 1 arranged in a horizontal direction. Each of the air cells 
1 includes a positive electrode (an air electrode)3 and a metal 
negative electrode 4 housed in a flat casing 2, and includes a 
storage portion 6 between the positive electrode 3 and the 
metal negative electrode 4 to store an electrolysis solution 5. 
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In the assembled battery C1, the plural air cells 1 adjacent to 
each other in a standing state are connected in series via 
connection flow paths 7. 
0023 The assembled battery C1 includes the plural con 
nection flow paths 7 by which the storage portions 6 in the 
respective adjacent air cells 1 communicate with each other. 
In the present embodiment, each connection flow path 7 is 
located between bottom portions of the air cells 1 adjacent to 
each other in a standing state. Therefore, the storage portions 
6 of the respective adjacent air cells 1 sequentially commu 
nicate with each other by the respective connection flow paths 
7 below the liquid surface of the electrolysis solution5 in each 
air cell 1. The connection flow paths 7 each include an insu 
lation fluid 8 sealed therein for electrically insulating the 
electrolysis solution 5 stored in the respective adjacent air 
cells 1. 

0024. The positive electrode 3 in each air cell 1 includes a 
positive electrode member and a liquid-tight air-permeable 
member placed on the outermost layer side of the casing 2. 
The positive electrode member includes, for example, a cata 
lyst component and an electric conductive catalyst carrier on 
which the catalyst component is Supported. 
0025. In particular, the catalyst component is metal 
selected as appropriate from platinum (Pt), ruthenium (Ru), 
iridium (Ir), rhodium (Rh), palladium (Pd), osmium (Os), 
tungsten (W), lead (Pb), iron (Fe), chromium (Cr), cobalt 
(Co), nickel (Ni), manganese (Mg), Vanadium (V), molybde 
num (Mo), gallium (Ga), and aluminum (Al), or an alloy of 
these metals arbitrarily combined together. The shape and 
size of the catalyst component are not particularly limited, 
and any shape and size similar to those used in convention 
ally-known catalyst components may be used. However, the 
catalyst component is preferably in a particle state. An aver 
age particle diameter of catalyst particles is preferably in a 
range from 1 nm to 30 nm. When the average particle diam 
eter of the catalyst particles is within the range from 1 nm to 
30 nm, a balance of a catalyst utilization rate regarding an 
effective electrode area in which an electrochemical reaction 
progresses and ease of support of the catalyst component, can 
be controlled as appropriate. 
0026. The catalyst carrier functions as a carrier for sup 
porting the catalyst component as described above and as an 
electron conducting path involved in electron communication 
between the catalyst component and other Substances. The 
catalyst carrier is not particularly limited as long as it has a 
specific Surface area Sufficient to Support the catalyst compo 
nent in a desired dispersed state and has a Sufficient electron 
conductive property, and preferably contains carbon as a main 
component. A specific example of the catalyst carrier may be 
carbon particles containing carbon black, activated carbon, 
coke, natural graphite or artificial graphite. The size of the 
catalyst carrier is not particularly limited; however, an aver 
age particle diameter of the catalyst carrier may be approxi 
mately in a range from 5 nm to 200 nm, preferably approxi 
mately in a range from 10 nm to 100 nm, in view of ease of 
Support, the catalyst utilization rate, the thickness of the cata 
lyst layer set within an appropriate range, and the like. 
0027. The supported amount of the catalyst component in 
the positive electrode member is preferably in a range from 
10% to 80% by mass, more preferably in a range from 30% to 
70% by mass, with respect to the total amount of the positive 
electrode member. However, the positive electrode member is 
not limited thereto, and conventionally-known materials 
applied to air cells may be used. 
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0028. The liquid-tight air-permeable member has a liquid 
tight (watertight) property with respect to the electrolysis 
Solution 5 and has air permeability with respect to oxygen. 
The liquid-tight air-permeable member includes a water-re 
pellent film such as polyolefin or fluorine resin in order to 
prevent the electrolysis solution 5 from leaking out and also 
has a large number of fine pores in order to Supply oxygen to 
the positive electrode member. 
0029. The metal negative electrode 4 includes a negative 
electrode active material containing a single Substance of 
metal or an alloy having a standard electrode potential which 
is less noble than that of hydrogen. Examples of the single 
Substance of metal having a standard electrode potential less 
noble than that of hydrogen, include Zinc (Zn), iron (Fe), 
aluminum (Al), magnesium (Mg), manganese (Mn), silicon 
(Si), titanium (Ti), chromium (Cr), and vanadium (V). The 
alloy may be obtained in Such a manner as to add, to the metal 
element as listed above, one or more kinds of metal elements 
or non-metal elements. However, the material is not limited 
thereto, and conventionally-known materials applied to air 
cells may be used. 
0030 Although the metal negative electrode 4 is not lim 
ited to the substances described above, aluminum (Al) may be 
exemplified as a Substance having high energy density. The 
use of Such a material can achieve a reduction in thickness of 
the metal negative electrode 4 and thus the entire air cell 1, 
which decreases arrangement pitches when the plural air cells 
1 are stacked to form an assembled battery and thereby con 
tributes to an increase in capacity or a reduction in weight in 
the assembled battery. 
0031. An example of the electrolysis solution 5 used may 
be an aqueous solution of potassium chloride, Sodium chlo 
ride, or potassium hydroxide. However, the electrolysis solu 
tion 5 is not limited thereto, and conventionally-known elec 
trolysis solutions applied to aircells may be used. The amount 
of the electrolysis solution 5 is determined in view of, for 
example, a discharge time of the air cell 1, a precipitation 
amount of metal salt at the time of discharge, and a flowing 
amount Sufficient to keep a predetermined composition. 
0032. The insulation fluid 8 is a liquid or gas having an 
electric insulation property. Examples of the insulation fluid 8 
include insulation oil, silicone oil, hydrofluoroether, air, and 
arbitrary gas; however, the insulation fluid 8 is not limited to 
these examples. 
0033 According to the assembled battery C1 configured 
as described above, since the insulation fluid 8 is sealed in the 
respective connection flow paths 7 by which the storage por 
tions 6 of the respective adjacent air cells 1 communicate with 
each other, a short circuit due to the electrolysis solution 5 in 
the respective adjacent air cells 1 can be prevented. In addi 
tion, in the assembled battery C1, since the storage portions 6 
of the respective adjacent air cells 1 communicate with each 
other by the respective connection flow paths 7 below the 
liquid surface of the electrolysis solution 5 of each air cell 1, 
the electrolysis solution 5 can be injected into the storage 
portions 6 of the respective air cells 1 from one part of the 
assembled battery C1. This facilitates a process of injecting 
the electrolysis solution 5 and ensures a uniform injection 
amount of the electrolysis solution 5 into the respective stor 
age portions 6. Accordingly, power generation performance 
of all of the air cells 1 can be equalized. 
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Second Embodiment 

0034 FIG. 2A and FIG. 2B are cross-sectional views for 
explaining a configuration of an assembled battery C2 
according to a second embodiment. It should be noted that the 
same elements as those in the first embodiment are indicated 
by the same reference numerals, and specific explanations 
thereof are not repeated. 
0035. The assembled battery C2 shown in FIG. 2A 
includes an electrolysis solution supply system 10 which 
supplies the electrolysis solution 5 to the storage portions 6 of 
the respective air cells 1, and an electrolysis solution Supply 
passage 11 by which the electrolysis solution Supply system 
10 communicates with at least one of the storage portions 6 of 
the air cells 1. In the present embodiment, the electrolysis 
Solution Supply passage 11 is connected to the storage portion 
6 of the air cell 1 located at the end of the arrangement (on the 
right side in the figure). The assembled battery C2 further 
includes injection portions 22 formed in the respective con 
nection flow paths 7 to inject the insulation fluid 8 into the 
connection flow paths 7. 
0036. The electrolysis solution supply system 10 includes 
an electrolysis solution tank 12 for storing the electrolysis 
Solution 5 and an electrolysis solution pressure-feed means 
(not shown in the figure) such as a pump. The injection 
portions 22 of the connection flow paths 7 may each be 
provided with a check valve by which an inward flow from the 
external side is only allowed. 
0037. As shown in FIG. 2A, according to the assembled 
battery C2 configured as described above, the electrolysis 
solution 5 inside the electrolysis solution tank 12 is supplied 
and injected into the storage portion 6 of the air cell 1 located 
at the end of the arrangement via the electrolysis solution 
Supply passage 11. As a result, the electrolysis solution 5 can 
evenly be injected into all of the storage portions 6 of the air 
cells 1. After the electrolysis solution 5 is injected, the insu 
lation fluid 8 is then injected into each connection flow path 7 
from the injection portion 22 with a syringe 13. Accordingly, 
a short circuit due to the electrolysis solution 5 in the respec 
tive air cells 1 adjacent to each other can be prevented. 
0038 Here, since the assembled battery C2 is an injection 
type battery, a removable connector, for example, may be 
interposed between the air cell 1 located at the end of the 
arrangement and the electrolysis Solution passage 11 so that 
the air cells 1 serve as cartridges. In that case, when the 
assembled battery C2 is used, the air cell 1 at the end of the 
arrangement and the electrolysis solution Supply passage 11 
are connected via the connector, and the electrolysis solution 
5 and the insulation fluid 8 are sequentially injected into the 
air cells 1. 

First Modified Example 
0039 FIG.3 shows an assembled battery C3, in which the 
connection flow paths 7 are each curved upward to be formed 
into an inverted U-shape, and the insulation fluid 8 has a 
density lower than that of the electrolysis solution5. Since the 
insulation fluid 8 is kept at the upper portion of the respective 
connection flow paths 7 in the assembled battery C3, a short 
circuit due to the electrolysis solution 5 in the respective air 
cells 1 adjacent to each other can be prevented. 

Second Modified Example 
0040 FIG. 4 shows an assembled battery C4, in which the 
connection flow paths 7 are each curved downward to be 
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formed into a U-shape, and the insulation fluid 8 has a density 
higher than that of the electrolysis solution 5. Since the insu 
lation fluid 8 is kept at the lower portion of the respective 
connection flow paths 7 in the assembled battery C4, a short 
circuit due to the electrolysis solution 5 in the respective air 
cells 1 adjacent to each other can be prevented. 
0041. Here, when the respective connection flow paths 7 
are curved as in the case of the assembled battery C3 or C4 as 
shown in FIG.3 or FIG.4, the connection flow paths 7 may be 
formed into an M-shape or a W-shape, instead of the inverted 
U-shape or the U-shape described above, so that the connec 
tion flow paths may be provided with branched portions to be 
connected to the other connection flow paths. Alternatively, a 
protruded portion or a recess portion may be provided in each 
of the connection flow paths 7 so as to store and keep the 
insulation fluid 8 in a fixed position. 

Third Embodiment 

0042. An assembled battery C5 shown in FIG.5A includes 
a branching pipe 14 by which the respective adjacent connec 
tion flow paths 7 communicate with each other. The respec 
tive connection flow paths 7 and the branching pipe 14 are 
formed integrally or separately so as to form a connection 
flow path member. The insulation fluid 8 is sealed in the 
branching pipe 14. The insulation fluid 8 may be sealed in the 
branching pipe 14 and further part of the respective connec 
tion flow paths 7. The branching pipe 14 is located above the 
respective air cells 1. The branching pipe 14 is connected with 
the plural connection flow paths 7 connected to the storage 
portions 6 of the respective air cells 1. As a result, the storage 
portions 6 of the respective adjacent air cells 1 communicate 
with each other by the connection flow paths 7 and the 
branching pipe 14. 
0043. The assembled battery C5 includes the injection 
portion 22 for injecting the insulation fluid 8 into the branch 
ing pipe 14, the electrolysis solution Supply system 10, and 
the electrolysis solution Supply passage 11 by which the 
electrolysis solution Supply system 10 communicates with 
the branching pipe 14. 
0044) The assembled battery C5 configured as described 
above can achieve advantageous effects similar to those in the 
first and second embodiments. Further, the electrolysis solu 
tion 5 is injected concurrently into all of the storage portions 
6 of the air cells 1 due to the installation of the branching pipe 
14. As a result, the electrolysis solution 5 can evenly be 
injected into all of the storage portions 6 of the air cells in a 
short period of time. In addition, the insulation fluid 8 is 
injected into the assembled battery C5 from the injection 
portion 22 in the branching pipe 14. Since the branching pipe 
14 is located above the respective air cells 1, a liquid or air 
having a density lower than that of the electrolysis solution 5 
may be used as the insulation fluid 8. Accordingly, a short 
circuit due to the electrolysis solution 5 in the respective air 
cells 1 adjacent to each other can be prevented. 
0045. Further, the electrolysis solution supply system 10 
may serve concurrently as a Supply system of the insulation 
fluid 8. In that case, after the electrolysis solution 5 inside the 
electrolysis solution tank 12 is injected into all of the storage 
portions 6 of the air cells 1 via the branching pipe 14 and the 
plural connection flow paths 7, the insulation fluid 8 is then 
injected into the branching pipe 14 from the electrolysis solu 
tion Supply passage 11. As a result, the injection portion 22 in 
the branching pipe 14 can be omitted. 
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0046. Further, when the assembled battery C5 uses, as the 
insulation fluid 8, a liquid having a density lower than that of 
the electrolysis solution5, both the electrolysis solution 5 and 
the insulation fluid 8 can be stored in the electrolysis solution 
tank 12 in a separated state, as shown in FIG. 5B. In that case, 
the amount of each of the electrolysis solution 5 and the 
insulation fluid 8 is determined depending on the volume of 
each air cell 1 and each passage. Since the electrolysis solu 
tion 5 and the insulation fluid 8 are sequentially injected, the 
electrolysis solution 5 and the insulation fluid 8 can be 
injected in a short period of time. Accordingly, a short circuit 
due to the electrolysis solution 5 in the respective air cells 1 
adjacent to each other can be prevented. 

First Modified Example 
0047. An assembled battery C6 shown in FIG. 6 has a 
configuration similar to that of the assembled battery C5 
shown in FIG. 5A, and further includes external electrodes 
15A, 15B for electrolyzing the injected electrolysis solution 5 
and a power source 16. The external electrodes 15A, 15B are 
attached to the branching pipe 14. 
0048. When the electrolysis solution 5 is injected into the 
storage portions 6 of the respective air cells 1 in the assembled 
battery C6, the branching pipe 14 is also filled with the elec 
trolysis solution 5, and current is then applied thereto by the 
external electrodes 15A, 15B so as to electrolyze the elec 
trolysis solution 5 in the branching pipe 14. The electrolyza 
tion of the electrolysis solution 5 changes gas produced in the 
branching pipe 14 into the insulation fluid 8. 
0049 According to the assembled battery C6 configured 
as described above, there is no need to preliminarily prepare 
the insulation fluid, and the insulation fluid 8 can surely be 
sealed inside the branching pipe 14. Accordingly, a short 
circuit due to the electrolysis solution 5 in the respective air 
cells 1 adjacent to each other can be prevented. 

Second Modified Example 

0050. An assembled battery C7 shown in FIG. 7 has a 
configuration similar to that of the assembled battery C5 
shown in FIG. 5A, and further has a configuration in which 
the electrolysis solution supply system 10 includes the elec 
trolysis solution tank 12, the electrolysis solution Supply pas 
sage 11, a pump 17 installed in a middle part of the electroly 
sis solution Supply passage 11, and a Switching valve 18 
installed on the downstream side of the pump 17. 
0051. The assembled battery C7 further includes a supply 
control unit 19 which controls the operation of the electroly 
sis solution Supply system 10, an insulation detection unit 20 
which detects an insulation state due to the insulation fluid 8 
sealed in the branching pipe 14, and an inclination detection 
unit 21 which detects an inclination state of the assembled 
battery C7. Here, in the present embodiment, the insulation 
fluid 8 is sealed in the branching pipe 14. 
0052. The supply control unit 19 controls the operation of 
each of the pump 17 and the switching valve 18 in the elec 
trolysis solution supply system 10. The supply control unit 19 
functions to supply the insulation fluid 8 when the detection 
result by the insulation detection unit 20 is unacceptable, and 
functions to stop the supply of the electrolysis solution 5 
when the degree of the inclination detected by the inclination 
detection unit 21 is a predetermined value or greater. 
0053. The insulation detection unit 20 includes an elec 
trode 20A attached to the branching pipe 14, another elec 
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trode 20B attached to the air cell 1 located at the end of the 
arrangement (on the left side in the figure) on the metal 
negative electrode 4 side, and a detector 20O. The insulation 
detection unit 20 inputs a signal from the detector 20O into the 
supply control unit 19. The inclination detection unit 21 is, for 
example, a well-known inclination sensor which inputs a 
detected value into the supply control unit 19. 
0054 The supply control unit 19 opens the switching 
valve 18 to inject the electrolysis solution 5 into the storage 
portions 6 of the respective air cells 1. Since one end of the 
electrolysis Solution Supply passage 11 is in an open state in 
the electrolysis solution tank 12 once the injection of the 
electrolysis solution5 is completed, the supply control unit 19 
operates the pump 17 to introduce air into the electrolysis 
Solution Supply passage 11. Namely, the Supply control unit 
19 injects air as an insulation fluid into the branching pipe 14. 
Thereafter, the supply control unit 19 stops the pump 17 and 
closes the switching valve 18 so that the insulation fluid 8 is 
sealed in the branching pipe 14. 
0055 According to the assembled battery C7 configured 
as described above, there is no need to preliminarily prepare 
the insulation fluid, and the air can be injected as the insula 
tion fluid 8 into the branching pipe 14 immediately after the 
electrolysis solution 5 is injected. Accordingly, a short circuit 
due to the electrolysis solution 5 in the respective air cells 1 
adjacent to each other can be prevented. 
0056 Further, in the assembled battery C7, the control 
processing is carried out by the Supply control unit 19, in 
addition to the injection of the electrolysis solution 5. If the 
insulation state detected by the insulation detection unit 20 is 
unacceptable, the supply control unit 19 determines that the 
insulation fluid 8 is not supplied sufficiently to the branching 
pipe 14 and thus Supplies the insulation fluid 8 by operating 
the pump 17. In addition, when the degree of the inclination 
detected by the inclination detection unit 21 is a predeter 
mined value or greater, the supply control unit 19 closes the 
Switching valve 18 to stop Supplying the electrolysis solution 
5 because the electrolysis solution 5 is unevenly injected into 
the respective storage portions 6 of the air cells 1 due to the 
large inclination of the assembled battery C7. 
0057. As described above, the assembled battery C7 
including the supply control unit 19, the insulation detection 
unit 20 and the inclination detection unit 21, can automati 
cally regulate the injected state of each of the electrolysis 
solution 5 and the insulation fluid 8 so as to surely inject an 
appropriate amount thereof. Further, the assembled battery 
C7 stops the supply of the electrolysis solution 5 when the 
inclination is large, so as to prevent power generation from 
being started if the electrolysis solution 5 is not supplied 
appropriately to the respective air cells 1. 
0.058 Here, in the configuration in which the insulation 
fluid 8 is sealed in the branching pipe 14 as in the case of the 
assembled batteries C5, C6 and C7 shown in FIG. 5A to FIG. 
7, the branching pipe 14 may be placed below the liquid 
surface of the electrolysis solution 5 in the respective air cells 
1, for example, in a region between the liquid Surface and the 
middle portion of the respective air cells 1. 

Fourth Embodiment 

0059 FIG.8A to 9C each show an assembled battery C8 in 
which each air cell 1 includes an exterior plate 25 on the 
periphery thereof. Note that FIG. 8A to FIG.9C show the 
storage portion 6 on the surface of the air cell 1 while omitting 
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the positive electrode 3 in order to simply explain the injected 
state of the electrolysis solution 5 or the insulation fluid 8. 
0060. The exterior plate 25 may be placed on at least part 
of the periphery of the air cell 1. The exterior plate 25 pref 
erably has a fixed thickness in the main body portion; how 
ever, the shape of the exterior plate 25 may be varied. The 
material of the exterior plate 25 is not particularly limited. For 
example, when the exterior plate 25 is made of plastic, the 
casing 2 and the exterior plate 25 of the air cell 1 can be 
integrally formed so as to easily mass-produce the assembled 
batteries C8. In addition, when the plural air cells 1 are 
arranged so as to form the assembled battery C8, the exterior 
plates 25 adjacent to and in contact with each other may be 
provided with external terminals or the like. 
0061. As shown in the assembled battery C8 of FIG. 8A, 
the exterior plates 25 of the air cells 1 adjacent to each other 
are integrated with the connection flow paths 7 communicat 
ing with each other when the air cells 1 are connected 
together. The connection flow paths 7 each include a penetra 
tion hole 7A formed in the thickness direction of the exterior 
plate 25, and a main flow path 7B extending downward from 
the penetration hole 7A and then turning to reach the lower 
portion of the storage portion 6. As shown in FIG. 8B, when 
the air cells 1 adjacent to each other are connected together, 
the adjacent penetration holes 7A of the exterior plates 25 
communicate with each other by seal members (not shown in 
the figure) so that the connection flow paths 7 of the exterior 
plates 25 communicate with each other. 
0062. In the assembled battery C8, the electrolysis solu 
tion supply system 10 shown in FIG. 9A Supplies the elec 
trolysis solution 5 to the storage portions 6 of the respective 
air cells 1 as in the case of, for example, the assembled battery 
C7 shown in FIG. 7. Namely, in the assembled battery C8, the 
electrolysis Solution Supply passage 11 of the electrolysis 
Solution Supply system 10 is connected to the penetration hole 
7A of the connection flow path 7 in the air cell 1 located at the 
end of the arrangement so as to inject the electrolysis solution 
5 into the storage portions 6 of the respective air cells 1 via the 
respective connection flow paths 7. 
0063. After the electrolysis solution 5 is injected, the insu 
lation fluid 8 is then injected from the connection flow paths 
7 as shown in FIG.9B. The insulation fluid 8 in the present 
embodiment is air. Although the insulation fluid 8 may exces 
sively enter the storage portions 6 as bubbles when being 
injected, the excessive insulation fluid 8 is discharged to the 
outside through the air-permeable positive electrodes 3. 
0064. In the assembled battery C8, as shown in FIG. 9C, 
after the insulation fluid 8 is sealed in the penetration holes 7A 
and the main flow paths 7B of the connection flow paths 7, the 
penetration hole 7A in the air cell 1 located at the end of the 
arrangement is sealed with a cap 26 to complete the injection 
of the electrolysis solution 5 and the insulation fluid 8. 
0065. The assembled battery C8 configured as described 
above can achieve advantageous effects similar to those in the 
first to third embodiments, easily handle the air cells 1, and 
ensure a common flow passage of the electrolysis solution 5 
and the insulation fluid 8 only by connecting the air cells 1 
adjacent to each other. This facilitates the process of injecting 
the electrolysis solution 7 and the insulation fluid 8. In addi 
tion, since the exterior plates 25 having the connection flow 
paths 7 can be mass-produced, a reduction in cost of the 
assembled batteries can be achieved. 
0066 Further, since the air cells 1 adjacent to each other 
are directly connected together, the assembled battery C8 has 
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a simple structure and thus decreases the arrangement pitches 
of the air cells 1 adjacent to each other so as to achieve a 
reduction in size and weight. In addition, the assembled bat 
tery C8 can freely increase or decrease the number of the air 
cells 1 so as to easily deal with a reduction in size and weight 
and an increase in capacity of the assembled battery. 
0067 Further, the assembled battery C8 can easily sepa 
rate the air cells 1 from the electrolysis solution supply system 
10 and thus use the air cells 1 as cartridges. In that case, a 
predetermined number of the air cells 1 may be used as a 
cartridge unit, and the plural units of the cartridges may be 
connected together. 
0068. The assembled batteries C1 to C8 explained in the 

first to fourth embodiments can prevent a shortcut due to the 
electrolysis solution 5 in the respective air cells 1 adjacent to 
each other and equalize the amount of the electrolysis solu 
tion 5 injected in each of the air cells 1 so as to ensure 
stabilized power generation performance. Further, the Supply 
passage of the electrolysis solution 5 or the insulation fluid 8 
has a simple structure so as to easily inject the electrolysis 
solution 5 or the insulation fluid 8. Accordingly, the 
assembled batteries C1 to C8 can be suitably used for a main 
power Supply or an auxiliary power Supply in a moving body 
such as an automobile. The assembled battery C8 including 
the plural air cells 1 having the exterior plates 25 especially, in 
addition to the effects described above, can easily handle the 
air cells 1, increase or decrease the number of the air cells 1, 
mass-produce the exterior plates 25 and use the air cells 1 as 
cartridges. Thus, the assembled battery C8 is particularly 
Suitably used for a power Supply mounted on a vehicle. 
0069. The assembled battery of the present invention is not 
limited to the embodiments described above, and modifica 
tions of the shape, number and material of each element can 
be made as appropriate without departing from the scope of 
the present invention. 

1. An assembled battery comprising: 
two or more air cells arranged in a horizontal direction, 

each air cell including a storage portion between a posi 
tive electrode and a metal negative electrode to store an 
electrolysis Solution; and 

a connection flow path member including one or more 
connection flow paths by which the storage portions of 
the respective adjacent air cells communicate with each 
other, 

wherein an insulation fluid for electrically insulating the 
electrolysis solution in the respective adjacent air cells is 
sealed in the connection flow path member. 

2. The assembled battery according to claim 1, wherein the 
insulation fluid is sealed in each of the connection flow paths. 

3. The assembled battery according to claim 2, wherein the 
storage portions of the respective adjacent air cells commu 
nicate with each other by the respective connection flow paths 
below a liquid surface of the electrolysis solution stored in 
each of the storage portions. 

4. The assembled battery according to claim 2, further 
comprising an electrolysis Solution Supply system configured 
to Supply the electrolysis solution to the respective air cells, 
the electrolysis solution Supply system including an elec 
trolysis solution Supply passage by which the electrolysis 
Solution Supply system communicates with at least one of the 
storage portions of the air cells. 

5. The assembled battery according to claim 2, wherein 
each connection flow path includes an injection portion from 
which the insulation fluid is injected. 
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6. The assembled battery according to claim 2, wherein 
each connection flow path is curved upward, and 

the insulation fluid is a fluid having a density lower than 
that of the electrolysis solution. 

7. The assembled battery according to claim 2, wherein 
each connection flow path is curved downward, and 

the insulation fluid is a fluid having a density higher than 
that of the electrolysis solution. 

8. The assembled battery according to claim 1, wherein two 
or more of the connection flow paths are formed, 

the connection flow path member further includes a 
branching pipe by which the two or more connection 
flow paths communicate with each other, and 

the insulation fluid is sealed in the branching pipe. 
9. The assembled battery according to claim 8, further 

comprising an electrolysis solution Supply system configured 
to Supply the electrolysis solution to the respective air cells, 
the electrolysis solution Supply system including an elec 
trolysis solution Supply passage by which the electrolysis 
Solution Supply system communicates with the branching 
pipe. 

10. The assembled battery according to claim 9, wherein 
the electrolysis solution Supply system concurrently serves as 
a Supply system of the insulation fluid. 

11. The assembled battery according to claim 8 or 9. 
wherein the branching pipe includes an external electrode to 
electrolyze the electrolysis solution in the branching pipe. 

Jan. 22, 2015 

12. The assembled battery according to claim 10, further 
comprising: 

a Supply control unit configured to control an operation of 
the electrolysis solution Supply system; and 

an insulation detection unit configured to detect an insula 
tion state due to the insulation fluid sealed in the branch 
ing pipe, 

wherein the supply control unit supplies the insulation fluid 
when a result detected by the insulation detection unit is 
unacceptable. 

13. The assembled battery according to claim 9, further 
comprising: 

a Supply control unit configured to control an operation of 
the electrolysis solution Supply system; and 

an inclination detection unit configured to detect an incli 
nation state of the assembled battery, 

wherein the Supply control unit stops Supplying the elec 
trolysis solution when an inclination detected by the 
inclination detection unit is a predetermined value or 
greater. 

14. The assembled battery according to claim 1, wherein 
each air cell includes an exterior plate on a periphery thereof, 
and 

the respective exterior plates are integrated with the respec 
tive connection flow paths, and in a state where the air 
cells adjacent to each other are connected together, the 
connection flow path formed on the exterior plate of one 
air cell communicates with the connection flow path 
formed on the exterior plate of another air cell. 
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