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FILM-COVERED BATTERY AND 
ASSEMBLED BATTERY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a divisional of application Ser. No. 1 1/674, 
807 filed Feb. 14, 2007, which claims priority based on Japa 
nese Patent Application Nos. 2006-037903 filed Feb. 15, 
2006; the contents of all of which are incorporated herein by 
reference in their entirety. 

BACKGROUND 

0002 1. Technical Field 
0003. The present invention relates to a closed type battery 
such as a lithium ion battery provided with a covering film 
having a safety valve and an assembled battery with Such 
lithium ion batteries connected in series and/or parallel, and 
to a structure adapted to ensure that the safety valve is put in 
operation upon generation of gases by abnormal charging or 
the like. 

0004 2. Related Art 
0005 Lithium ion batteries, because of being more light 
weight and higher in energy density than other secondary 
batteries such as nickel-cadmium or nickel-hydrogen ones, 
are now increasingly used just only as drive power sources for 
portable terminals such as cellular phones, notebook PCs and 
Video cameras, but also as power sources for electric cars or 
vehicles. 

0006. A lithium ion battery is built up of a negative elec 
trode formed of carbon or other material capable of doping 
and dedoping lithium ions, a positive electrode formed of a 
lithium-containing transition metal oxide Such as lithium 
cobaltate, lithium nickelate and lithium manganate, and an 
electrolysis solution composed of an organic Solvent with a 
lithium salt such as LiPF dissolved in it. When that organic 
electrolysis solution is placed in a Voltage area much greater 
than 4.2V, it often gives out combustible gases, etc. by way of 
oxidative breakdown, causing the battery to generate heat or 
break due to an increase in the battery's internal pressure. 
0007. Applications with a multiplicity of lithium ion bat 

teries connected in series and parallel, for instance, power 
Sources for electric bicycles, electric cars, etc. and uninter 
ruptible power Sources have grown large. When a covering 
film with a synthetic resin film and an aluminum foil or the 
like laminated together is used as a covering member for a 
plurality of batteries, it is possible to obtain an assembled 
battery greater in capacity density and weight density than 
that obtained using a metal can as the covering member. 
0008. With the generation of gases, however, a lithium ion 
battery fabricated using a flexible covering film swells or 
inflates a lot more than does one fabricated using a metal can 
as the covering member. For the lithium ion battery using a 
covering film as the covering member, there have thus been 
numerous proposals made of a safety valve adapted to expel 
the generated gases from within it. 
0009 For a battery with a covering film used as the cov 
ering member, two covering films, each having a three-layer 
structure of nylon film/aluminum foil/polypropylene film, are 
used. The battery is sealed up around by the heat fusion of the 
polypropylene layers. When the battery is in an abnormal 
state for the reasons of overcharging or the like, gases are 
generated by the decomposition of an electrolysis solution or 
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otherwise battery elements generate heat. In turn, it will cause 
the heat fusion seal to break open or even burst up. 
(0010. In this conjunction, JP-A-1999-086823 and 1999 
097070 have come up with providing a part of the seal with a 
site having pressure resistant performance lower than the rest 
or providing the heat fusion seal with a site having a lower 
peel strength, so that such sites can cleave selectively. 
(0011 JP-A-1999-312505 has proposed a low-profile bat 
tery having a safety valve wherein the innermost resin layer of 
a covering film is made partially thin enough to cleave upon 
an increase in the internal pressure, and JP-A-2000-100399 
has come up with making the heat fusion temperature for a 
seal area functioning as a safety valve lower than that for a 
seal area having no safety valve. 
(0012. Further, JP-A-2005-116474 has proposed a battery 
wherein a laminated film is used as a covering film, and a 
safety valve having a valve body comprising a low-melting 
resin is located at a part of a heat fusion seal with a heat 
conduction member capable of conducting heat generated 
from battery elements directly to the safety valve. 
0013. A lithium ion battery with a flexible covering film 
applied on it is shown in FIG. 11. A stack member that 
becomes a battery element with a positive 2 and a negative 
electrode terminal 3 drawn out of it is covered at its top side 
with an embossed covering film and at its bottom side with a 
flat covering film. A periphery 6 is heat fused in order for each 
side by a hot plate or a frame-form hot plate. 
0014. A safety valve 7 is provided at the fusion side from 
which the positive 2 and the negative electrodeterminal 3 are 
not drawn. When a plurality of such batteries as fabricated as 
mentioned above are connected together and used. Such a 
safety valve fails to perform its own function, because por 
tions of the seal other than the safety valve break open under 
the influences of heat and gases generated from nearby bat 
teries. 
0015 Referring especially to a lithium ion battery using a 
covering film with the positive 2 and the negative electrode 
terminal 3 for drawing currents mounted at the same seal side, 
a sealant material is located at the positive electrode terminal 
2 made of aluminum and the negative electrode terminal 3 
made of nickel or copper to prevent leakages and increase 
fusion strength. However, when there is heat generated from 
the battery, the heat fusion seal of the periphery 6 may often 
break open between both the terminals, because the seal 
portion contacting the metal positive or negative electrode 
terminal becomes higher in temperature than other seal por 
tions. 

SUMMARY 

0016. The present invention provides a closed type battery 
comprising a battery element covered with a covering film 
and a heat fusion seal portion formed by heat fusion on a 
periphery of the covering film, wherein a cleaving strength 
upon an internal pressure rise of a seal portion positioned 
between a positive electrodeterminal and a negative electrode 
terminal is larger than that of any other seal portion, and a 
safety valve adapted to release pressure upon a battery's 
internal pressure rise is located at a portion other than said 
inter-terminal seal portion. 
0017. In the aforesaid closed type battery, a heat fusion 
seal portion extending from an outer periphery of the battery 
around said inter-terminal seal portion to within the battery is 
wider than that positioned at any other seal portion. 
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0018. In the aforesaid closed type battery, said inter-ter 
minal seal portion is provided on its outer Surface with a 
retaining member adapted to press the seal portion when the 
battery is incorporated in battery drive equipment. 
0019. In the aforesaid closed type battery that is a lithium 
ion battery, a composite lithium manganese oxide having a 
composition formula LiMn-MyO - where 0.03sXs0. 
16,0sys0.1, -0.1szs0.1, and M is at least one selected from 
Mg,Al, Ti, Co and Ni is used for a positive electrode active 
Substance. 
0020. Also, the present invention provides an assembled 

battery, wherein unit batteries, each comprising a battery 
element covered with a covering film and a heat fusion seal 
portion formed by heat fusion on a periphery of the covering 
film, wherein a cleaving strength upon an internal pressure 
rise of a seal portion positioned between a positive electrode 
terminal and a negative electrode terminal is larger than that 
of any other seal portion, are connected at least in series or 
parallel, while a safety valve adapted to release pressure upon 
a battery's internal pressure rise is located at a portion other 
than said inter-terminal seal portion and in no contact with a 
covering film Surface of an adjoining battery. 
0021. In the aforesaid assembled battery, aheat fusion seal 
portion extending from an outer periphery of the battery 
around said inter-terminal seal portion to within the battery is 
wider than that positioned at any other seal portion. 
0022. In the aforesaid assembled battery, closed type bat 

teries, each having aheat-resistant retaining member adapted 
to press an outer surface of the inter-terminal seal portion, are 
stacked one upon another. 
0023. In the aforesaid assembled battery that comprises a 
lithium ion battery, a composite lithium manganese oxide 
having a composition formula LMn-MyO - where 
0.035X50.16, 0sys0.1, -0.1szs0.1, and M is at least one 
selected from Mg, Al, Ti, Co and Ni is used for a positive 
electrode active Substance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024. The invention will be described with reference to the 
accompanying drawings, wherein like numbers reference like 
elements. 

0025 FIG. 1A is a front view illustrative of a closed type 
battery according to one embodiment of the invention; FIG. 
1B is a plan view of the same; and FIG.1C is a side view of the 
SaC. 

0026 FIG. 2A is a front view illustrative of a closed type 
battery according to another embodiment of the invention; 
FIG. 2B is a plan view of the same; and FIG. 2C is a side view 
of the same. 

0027 FIG. 3A is a front view illustrative of a closed type 
battery according to yet another embodiment of the invention; 
FIG. 3B is a plan view of the same; and FIG.3C is a side view 
of the same. 
0028 FIG. 4A is a front view illustrative of a closed type 
battery according to a further embodiment of the invention; 
FIG. 4B is a plan view of the same; and FIG. 4C is a side view 
of the same. 

0029 FIG. 5A is a front view illustrative of a closed type 
battery according to a further embodiment of the invention; 
FIG. 5B is illustrative of how a safety valve works; and FIGS. 
5C-5F are illustrative of the safety valve. 
0030 FIG. 6A is a view of an assembled battery according 
to one embodiment of the invention as viewed from a terminal 
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side; FIG. 6B is a side view of the same; and FIG.6C is a front 
view of a unit battery forming a part of the assembled battery. 
0031 FIG. 7A is a view of an assembled battery according 
to another embodiment of the invention as viewed from a 
terminal side; FIG. 7B is a side view of the same; and FIG.7C 
is a front view of a unit battery forming apart of the assembled 
battery. 
0032 FIG. 8A is a view of an assembled battery according 
to yet another embodiment of the invention as viewed from a 
terminal side; FIG.8B is a side view of the same; and FIG. 8C 
is a front view of a unit battery forming apart of the assembled 
battery. 
0033 FIG. 9 is a side view illustrative of an assembled 
battery according to one embodiment of the invention. 
0034 FIG. 10A is a view illustrative of an assembled 
battery comprising unit batteries connected together accord 
ing to one embodiment of the invention, as viewed from a 
terminal side, and FIG. 10B is a view illustrative of an 
assembled battery comprising unit batteries connected 
together according to another embodiment of the invention, 
as viewed from a terminal side. 
0035 FIG. 11A is a front view illustrative of a closed type 
battery using a conventional covering film; FIG. 11B is a plan 
view of the same; and FIG.11C is a side view of the same, all 
as viewed from a terminal side. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0036. The present invention provides a closed type battery 
covered with a covering film with a positive and a negative 
electrode terminal located on the same side, which ensures 
that upon an increase in the internal pressure of the battery, the 
internal pressure is released offby way of a safely valve while 
any other fusion seal portion are left uncleft. 
0037 More specifically, according to the closed type bat 
tery of the invention, the strength of a cleavage due to an 
increase in its internal pressure of a heat fusion seal portion 
that forms a seal portion positioned between a positive and a 
negative electrode terminal is increased, and a safety valve is 
provided at a seal portion other than that between the positive 
and the negative electrode terminal which also provides a site 
ensuring a smooth operation even when a plurality of batter 
ies are stacked together, thereby ensuring to expel internal 
gases from them by way of the safety valve. 
0038. The present invention also provides an assembled 
battery comprising a plurality of lithium ion batteries or other 
closed type batteries connected together. When that 
assembled battery is left overcharged for some unknown rea 
Sons to cause gases to be generated in it, resulting in an 
increase in its internal pressure or causing battery elements to 
generate heat, it is possible to release pressure by way of the 
safety valve, thereby preventing the battery from bursting up 
or finding where gases are being released, so that the gener 
ated gases can be collected. It is thus possible to obtain an 
assembled battery with improved safety comprising lithium 
ion batteries or the like. 
0039. The present invention is now explained with refer 
ence to a lithium ion battery as an example. 
0040 FIGS. 1A, 1B and 1C are illustrative of the lithium 
ion battery according to one embodiment of the invention. 
0041. A lithium ion battery 1 is built up of a battery ele 
ment wherein a positive and a negative electrode, each in a 
flat-sheet form, are stacked together with a separator between 
them, or an electrode element wherein a positive and a nega 



US 2014/0038002 A1 

tive electrode, each in a belt form, are wound together in the 
order of positive electrode? separator/negative electrode/sepa 
rator and thereafter pressed flat. Then, each electrode element 
is joined with a positive 2 and a negative electrode terminal 3. 
and covered and sealed around with a covering film 4 used as 
a covering member by means of heat fusion. 
0042 Around a portion of the periphery of the battery 
other than a seal portion 5 between the positive and negative 
terminals 2 and 3, there is provided a safety valve 7 provided, 
which is adapted to cleave upon an increase in the internal 
pressure of the battery, thereby permitting the pressure to 
release off. 

0043. The safety valve 7 may be formed by heat fusion to 
a hole in the covering film 4 of a film that cleaves at a pressure 
lower than the cleaving pressure of the covering film 4, or by 
forming a notch, a thinned portion or the like in the covering 
film 4. 

0044. In the lithium ion battery 1 of the invention, on the 
other hand, the seal portion 5 between the positive 2 and the 
negative electrode terminal 3 has a heat fusion width 51 that 
is wider than any other seal portion so as to prevent the sealed 
portion 5 from cleaving upon an increase in the internal 
pressure. 

0045. As a consequence, the inter-terminal seal portion 5 
that is susceptible of influences of a temperature rise in the 
positive 2 and the negative electrode terminal 3 upon a tem 
perature rise in the battery can be prevented from cleaving 
even when its temperature grows higher than that of any other 
seal portion. 
0046 While it is shown in FIGS. 1A, 1B and 1C and 
described that the covering film 4 is formed of a film 41 
embossed to Such a size as to contain the battery element and 
a flat sheet-form film 42, it is contemplated that the embossed 
film 41 and flat film 42 may be each a separate covering film, 
or they may be a continuous covering film. 
0047 Referring to one exemplary lithium ion battery, a 
positive and a negative electrode active Substance are coated 
on an aluminum foil and a copper foil, respectively, while 
their portions for drawing the positive and negative electrode 
terminals are partly left uncoated, into a positive and a nega 
tive electrode sheet. Then, these electrode sheets are stacked 
together with a porous separator between them, which sepa 
rator has a three-layer structure of polypropylene, polyethyl 
ene or polypropylene/polyethylene/polypropylene, thereby 
fabricating a battery element. 
0048. In that case, the stacking operation is carried out 
such that the portions of the foils with no positive and negative 
electrode active Substances coated on them are on the same 
side. External current-drawing tabs, aluminum for the posi 
tive electrode and nickel for the negative electrode, are then 
drawn out of the stack by ultrasonic welding to make a posi 
tive and a negative electrode terminal, respectively. The stack 
that becomes the battery element with the positive and nega 
tive electrode terminals drawn from it is coated at its top 
surface with a flexible film embossed in conformity with the 
shape of the stack and at its bottom surface with a flat sheet 
form flexible film. 

0049. For the covering film, it is preferable to use a lami 
nated film with aluminum laminated on a polyolefin resin 
film, a polyester film, a nylon film or the like. 
0050. The covering film is sealed up by heat fusion of its 
periphery by frame-like heat fusion means. The sealing 
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operation is carried out such that the fusion width 51 of the 
inter-terminal seal portion 5 is larger than that of any other 
seal portion 6. 
0051) Then, an electrolysis solution using LiPF as a car 
rier salt and ethylene carbonate (EC):diethyl carbonate 
(DEC)=30:70 (by volume 96) or the like as a solvent is poured 
in the battery. In this case, the heat fusion is carried out while 
an electrolysis solution feed pore is left unfused, the elec 
trolysis solution is then pored in the battery through the feed 
pore, and the electrolysis solution feed pore is finally sealed 
up. 
0052. When two films, an embossed film and a flat sheet 
form film, are used, four peripheral sides must be heat fused 
to seal up them. However, when one single flexible film is 
used in a folded way, it may be sealed on three peripheral 
sides. 
0053. The safety valve may be located at any desired posi 
tion other than the inter-terminal seal portion 5; however, it is 
preferable to locate it on the side opposite to that with the 
electrode terminals located in it as shown. 
0054) The lithium ion battery here should preferably 
include as the positive electrode active Substance a composite 
lithium manganese oxide Such as lithium manganate, and 
preference is given to one represented by a composition for 
mula LiMn2_MyOA (0.03sXs0.16, 0sys0.1, 
-0.1szs0.01, and M is at least one selected from Mg, Al, Ti, 
Co and Ni) having a plateau near 4V with respect to metallic 
lithium. By use of a composite lithium manganese oxide 
having such particle shape, particle size distribution, mean 
particle diameter, specific Surface area and true density as to 
give a positive electrode density of at least 2.8 g/cc in a 
portion from which a collector metal foil is removed, it is 
possible to obtain an improved energy density. Of positive 
electrode blends comprising a positive electrode active Sub 
stance, a binder, a conductivity additive, etc., it is preferable 
to use one containing the positive electrode active Substance 
in an amount of at least 80% by weight. 
0055 Such a composite lithium manganese oxide as 
described above may use lithium carbonate, lithium hydrox 
ide, lithium oxide or the like as a lithium source. For a man 
ganese source, use may be made of manganese dioxide, man 
ganese sesquioxide, manganese tritetroxide, basic 
manganese oxide, manganese carbonate, and manganese 
nitrate. 
0056 Among others, a more preferable lithium source is 
lithium carbonate and a more preferable manganese source is 
manganese oxide, manganese sesquioxide, and manganese 
tritetroxide from the viewpoints of ease of handling and ease 
with which an active Substance having high packing capabil 
ity is obtained. 
0057 For the synthesis of the composite lithium manga 
nese oxide, Such lithium and manganese sources as described 
above are weighed and mixed together at a given composition 
ratio. It is here preferable that in order to improve the reac 
tivity between the lithium source and the manganese source 
and get around the residence of foreign phases of manganese 
sesquioxide, the maximum particle diameter of the lithium 
Source is set at up to 2 Lim, and the maximum particle diameter 
of the manganese source is set at up to 30 Jum. The mixing 
operation may be done, using a ball mill, a V-type mixer, a 
cutter mixer, a shaker or the like. Further, the obtained power 
mixture is fired in an atmosphere having a oxygen partial 
pressure higher than that of air at a temperature range of 600° 
C. to 950° C. 
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0058. The positive electrode is fabricated by mixing the 
composite lithium manganese oxide with a binder and a con 
ductivity additive such as carbon black or acetylene black, 
and coating the mixture onto a collector metal foil. The binder 
here may be polyvinylidene fluoride (PVdf) polytetrafluoro 
ethylene (PTFE) or the like, and a preferable collector metal 
foil is an aluminum foil. 
0059. The negative electrode that is graphite or amorphous 
carbon capable of inserting or deinserting lithium is fabri 
cated by mixing it with a binder species approximately 
selected depending on important battery characteristics Such 
as rate characteristics, output characteristics, low-tempera 
ture discharge characteristics, pulse discharge characteristics, 
energy density and downsizing. The binder here may be poly 
vinylidene fluoride (PVdF), polytetrafluoroethylene (PTFE), 
a rubber binder, etc. as is the case with the positive electrode, 
and a preferable collector metal foil is a copper foil. 
0060. The separator here may be a porous plastic film of 
polypropylene, polyethylene or a three-structure of polypro 
pylene/polyethylene/polypropylene, and has preferably a 
thickness of 10 um to 30 Lim with rate characteristics and 
battery's energy density and mechanical strength in mind. 
0061 The solvent for a non-aqueous electrolysis solution 
may be carbonates, ethers, ketones or the like, and preference 
is given to a mixture of at least one of ethylene carbonate 
(EC), propylene carbonate (PC), y-butyrolactone (GBL) or 
the like that is a solvent having a high dielectric constant with 
at least one of diethyl carbonate (DEC), dimethyl carbonate 
(DMC) ethylmethyl carbonate (EMC) or the like that is a 
low-viscosity solvent. 
0062) Of these, preference is given to the combinations of 
EC+DEC, EC+EMC, EC+DMC, PC+DEC, PC+EMC, 
PC+DMC, PC+EC+DEC or the like. When the purity of the 
solvent is low or the moisture content of the solvent is high, it 
is better to make the mixing ratio of solvent species such that 
a potential window grows wide on a high-potential side. 
Further, the addition of trace additives may be acceptable for 
the purpose of improving water consumptions, resistance to 
oxidation, the level of safety, etc. 
0063. The carrier salt here may be at least one selected 
from the group consisting of LiBF LiPF, LiClO4. LiASF 
Li(CFSO)N and Li (CFSO)N, among which a system 
including LiPF is preferred. The concentration of the carrier 
salt is preferably 0.8 mol/l to 1.5 mol/l, and more preferably 
0.9 mol/l to 1.2 mol/1. 

0064 FIGS. 2A, 2B and 2C are illustrative of the lithium 
ion battery according to another embodiment of the present 
invention. This embodiment is different from the embodi 
ment shown in FIGS. 1A, 1B and 1C in that there is a retaining 
member 8 located on the outer surface of the inter-terminal 
seal portion 5. 
0065. The retaining member 8, when the battery is incor 
porated in battery drive equipment or a plurality of batteries 
are stacked together, is located in Such a way as to be flush 
with the outer surface 9 of the battery. As a consequence, 
when there is heat generated from the lithium ion battery, it is 
possible to prevent the covering film between the positive and 
the negative electrode terminal from Swelling or inflating 
until a pressure release portion 7 is put into operation. 
0066 For the retaining member 8, use may made of an 
insulating material Such as ceramics or synthetic resin, or a 
metal covered with the insulating material. The synthetic 
resin material here may have heat resistance as much as that 
of the polypropylene film used as the covering film, and may 
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be configured in a rectangular or circular column form having 
a height equal to the height of the lithium ion battery minus 
the thickness of the inter-terminal sealed portion. Preferably, 
the covering film between the positive and the negative elec 
trode terminal covers at least a half the area that is not heat 
fused. The retaining member 8 may be bonded to the inter 
terminal seal portion by means of a double-sided adhesive 
tape or the like. 
0067 FIGS. 3A, 3B and 3C are illustrative of the lithium 
ion battery according toyetanother embodiment of the inven 
tion. In the battery according to the embodiment shown in 
FIGS. 1A, 1B and 1C, one flexible film is provided with an 
embossed portion adapted to contain the battery element, and 
another flexible film is provided in a flat sheet form. In the 
embodiment here, however, both the surfaces of the battery 
are each formed of an embossed film 41: the battery element 
is accommodated in the middle of each embossed film 41. 
And then, the heat fusion seal width 51 of the inter-terminal 
seal portion 5 is larger than that of any other seal portion, so 
that there is the internal pressure of the battery increasing, a 
safety valve 7 is put in operation before the inter-terminal seal 
portion 5 cleaves, thereby ensuring to release that internal 
pressure. 

0068. The embossed film located on each surface may be 
an embossed separate film or, alternatively, one single film 
having two embossed portions may be folded into a covering 
film. 

0069 FIGS. 4A, 4B and 4C are illustrative of the lithium 
ion battery according to a further embodiment of the inven 
tion. In the battery according to the embodiment shown in 
FIGS. 2A, 2B and 2C, one flexible film is provided with an 
embossed portion adapted to contain the battery element, and 
another flexible film is provided in a flat sheet form. In the 
embodiment here, however, both the surfaces of the battery 
arc each formed of an embossed film 41: the battery element 
is accommodated in the middle of each embossed film 41. 

0070 And then, the embodiment here is characterized in 
that retaining members 81 and 82 are located on both the outer 
surfaces of the inter-terminal seal portion 5. The retaining 
members 81 and 82 are located in such a way as to be flush 
with the outer surfaces 91 and 92 of the battery. Consequently, 
when the battery is incorporated in battery drive equipment or 
a plurality of batteries are stacked together, the flexible film 
between the positive and the negative electrode terminal is 
prevented from Swelling or inflating upon an increase in the 
internal pressure of the battery due to heat generated from the 
lithium ion battery, so that the internal pressure of the battery 
is released off by way of the safety valve 7. 
(0071 FIG. 5A is a front view of the closed type battery 
according to a further embodiment of the invention, and FIG. 
5B is illustrative of how a safety valve works. FIGS. 5C, 5D, 
5E and 5F are illustrative of that safety valve. 
0072. In the closed type battery shown in FIG.5A, a posi 
tive 2 and a negative electrode terminal 3, similar to those 
shown in FIGS. 1A, 1B and 1C, are coupled to each other, and 
then sealed around by heat fusion using a flexible film 4 as the 
covering member. 
0073. An inter-terminal seal portion 5 between the posi 
tive 2 and the negative electrode terminal 3 is provided with a 
heat fusion seal portion 51 having a larger width than that of 
any other seal portion. There is also a safety valve 7 provided 
on a peninsular heat fusion seal portion extending from a heat 
fusion seal portion 61 to within the closed type battery 1. 
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0074 FIG. 5B is illustrative of in what state the safety 
valve 7 is when there is an increase in the internal pressure. As 
the internal pressure rises and the covering film 4 Swells, 
stress on the covering film 4 near the peninsular heat fusion 
seal portion 71 extending from the heat fusion seal portion 61 
to within the closed type battery 1 grows larger than that on 
the heat fusion seal portion 61 below. Consequently, there is 
a cleavage in the peninsular heat fusion seal portion 71. As 
that cleavage reaches a through-hole 72, the internal pressure 
is released from the through-hole 72, so that the closed type 
battery can be prevented from bursting up. 
0075. The pressure for putting the safety valve 7 in opera 
tion may be adjusted by varying the distance L1 between the 
end of the peninsular heat fusion seal portion 71 and the heat 
fusion seal portion 61 below, the distance L2 from the end of 
the peninsular heat fusion seal portion 71 to the through-hole 
72, the diameter R of the through-hole 72 and the width W of 
the peninsular heat fusion seal portion, as depicted in the 
enlarged view of FIG.5C. That pressure may also be properly 
determined depending on the strength of the covering film 
used and the strength of the heat fusion seal portion. 
0076. If a junction 73 between the peninsular heat fusion 
seal portion and the heat fusion seal portion 61 below is 
configured in a curved form, it is then possible to increase the 
strength of that junction 73. 
0.077 FIGS. 5D, 5E and 5F are illustrative of another 
example of the peninsular heat fusion seal portion of the 
safety valve. 
0078. The assembled battery according to the invention is 
now explained. In the assembled battery, a given number of 
batteries are connected in series or parallel in compliance 
with currents and Voltages demanded for battery drive equip 
ment. 

0079 An assembled battery is more affected by heat from 
nearby batteries than one single battery. However, by using 
batteries, each having tweaks to an inter-terminal seal portion 
Susceptible of influences of generated heat, the invention can 
provide an assembled battery having improved characteris 
tics. 
0080 FIG. 6A is a view of an assembled battery according 
to one embodiment of the invention, as viewed from a termi 
nal side. FIG. 6B is a side view of the same. FIG. 6C is 
illustrative of a unit battery. 
0081. In the assembled battery 10 here, a plurality of 
lithium ion batteries 1 explained with reference to FIGS. 1A, 
1B and 1C are stacked one upon another. In each lithium ion 
battery 1, the fusion width 51 of the inter-terminal seal portion 
5 between the positive 2 and the negative electrode terminal 3 
is larger than that of the any other seal portion, so that when 
there is an increase in the internal pressure of the battery, it is 
kept against any cleavage before the safety valve 7 is put into 
operation, thereby making Sure pressure release operation. 
0082 Each safety valve 7 is located at a portion other than 
the inter-terminal seal portion 5 and in no contact with the 
covering member of a nearby battery upon stacking, so that 
when there is an increase in the pressure, the safety valve 7 is 
put in reliable operation without being disturbed by the 
nearby battery. 
0083 FIG. 7A is a view of an assembled battery according 
to another embodiment of the invention, as viewed from a 
terminal side. FIG. 7B is a side view of the same. FIG. 7C is 
a plan view illustrative of a unit battery. 
0084. In the assembled battery 10 here, a plurality of 
lithium ion batteries 1 described with reference to FIGS. 2A, 
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2B and 2C are stacked one upon another. The retaining mem 
ber 8 located at the inter-terminal seal portion 5 of each unit 
battery 1 comes into contact with the flat sheet-form film 42 of 
the adjoining unit battery 1, so that it is pressed by the two unit 
batteries. Consequently, the inter-terminal seal portion 5 is 
prevented from any cleavage before the actuation of the safety 
valve 7, even when there is an increase in the internal pressure 
of the battery, thereby making sure the operation of the safety 
valve 7. 

I0085 FIG. 8A is a view of an assembled battery according 
to yet another embodiment of the invention, as viewed from a 
terminal side. FIG.8B is a side view of the same, and FIG. 8C 
is illustrative of a unit battery. 
I0086. In the assembled battery 10 here, a plurality of 
lithium ion batteries 1 explained with reference to FIGS. 4A, 
4B and 4C are stacked one upon another. The lithium ion 
battery 1 is provided at the inter-terminal seal portion 5 with 
retaining members 81 and 82, the surfaces of which are set in 
such a way as to be flush with the outer surfaces 91 and 92 of 
the battery formed by an embossed film 41. As a result, at the 
time of Stacking of the batteries, the inter-terminal seal por 
tion 5 is pressed by the retaining members 81 and 82, so that 
even when there is an increase in the internal pressure of the 
battery, it is possible to prevent the inter-terminal seal portion 
5 from any cleavage before the pressure release portion 7 is 
put in operation. 
0087 FIG. 9 is a side view illustrative of an assembled 
battery according to a further embodiment of the invention. 
I0088. In the assembled battery 10 here, a plurality of 
lithium ion batteries 1 explained with reference to FIGS. 2A, 
2B and 2C are stacked one upon another. In the embodiment 
here, the retaining member 8 located at the inter-terminal seal 
portion of each unit lithium ion battery is made up of an 
integral type retaining member 83. After a given number of 
lithium ion batteries are stacked together, the integral type 
retaining member 83 is inserted between the inter-terminal 
seal portions from the terminal side to press the inter-terminal 
seal portions: this assembled battery has similar actions as is 
the case with an assembled battery with a retaining member 
mounted to it in advance. 

0089 FIGS. 10A and 10B are illustrative of what state the 
unit batteries of the assembled battery of the invention are 
mutually connected in. 
(0090. In the assembled battery 10 here, the lithium ion 
batteries explained with reference to FIGS. 1A, 1B and 1C are 
stacked one upon another. A positive and a negative electrode 
terminal are connected together by a conductive member 11 
comprising nickel, a clad member having a nickel-copper 
nickel structure or the like in Such away as to be connected in 
series. Then, the stack is sandwiched between end plates 12 
provided on both its ends at a constant width into the 
assembled battery 10. Each end plate is preferably formed of 
a metal plate having improved heat radiation, for instance, an 
aluminum plate. 
(0091 FIG. 10B is illustrative of an assembled battery 10 
wherein the lithium ion batteries described with reference to 
FIGS. 2A, 2B and 2C are stacked one upon another with the 
retaining member 8 mounted in place. Otherwise, this 
assembled battery is similar in construction to that of FIG. 
10A 

0092. The present invention is now explained with refer 
ence to some examples. 
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Example 1 

Preparation of the Lithium Ion Battery 

0093. Lithium manganate as the positive electrode active 
substance and carbon black as the conductive additive were 
mixed together at a mixing rate of lithium manganate: carbon 
black:polyvinylidene fluoride=90:6:4 by mass, and the mix 
ture was dispersed in N-methyl-2-pyrrolidone (NMP) into a 
slurry. The obtained slurry was coated onto a 20-lum thick 
aluminum foil, after which NMP was evaporated off to obtain 
a positive electrode sheet. 
0094. The positive electrode sheet was punched out into an 
active substance-coated portion of 55 mm in width and 100 
mm in height and a portion of 10 mm in width and 15 mm in 
height with no active substance coated on it, which was used 
for drawing currents. 
0095 Graphite as the negative electrode active substance 
was dispersed in N-methyl-2-pyrrolidone (NMP) at a rate of 
graphite:polyvinylidene fluoride=90:10 by mass into a slurry. 
The obtained slurry was coated onto a 15-um thick copper 
foil, after which NMP was evaporated off to obtain a negative 
electrodesheet. The negative electrode sheet was punched out 
into an active substance-coated portion of 59 mm in width and 
104 mm in height and a portion of 10 mm in width and 15 mm 
in height with no active Substance coated on it, which was 
used for drawing currents. 
0096 Nine such positive electrode sheets and 10 such 
negative electrode sheets were stacked one upon another with 
a 25-um thick separator of a polypropylene/polyethylene? 
polypropylene structure between adjacent sheets in Such a 
way that the current drawing portions of the positive and 
negative electrode sheets lied in the same direction, after 
which positive electrode terminals comprising aluminum 
were joined to the current-drawing portions of the positive 
electrode sheets by means of ultrasonic welding. Negative 
electrode terminals comprising nickel were then joined to the 
current-drawing portions of the negative electrode sheets by 
means of ultrasonic welding to prepare an electrode element. 
0097. Two covering films, each comprising a laminate of 
30 um-thick nylon/50-um thick aluminum/50-um thick 
polypropylene, were provided, one in a form embossed in 
Such a way as to contain the battery electrode and another in 
a flat sheet form. With the polypropylene layer positioned 
inside, heat fusion was carried out while leaving an electroly 
sis Solution feed port on a side at right angles with the side 
from which the positive and negative electrode terminals 
were drawn. 

0098. In this heat fusion operation, the heat fusion width 
between the positive and the negative electrode terminal, i.e., 
the portion indicated by 51 in FIG. 1, was set to 10 mm, and 
that of any other heat fusion was set to 5 mm. On the side 
opposite to the side from which the positive and negative 
electrode terminals were drawn, there was a heat fusion por 
tion formed, which extended from the surrounding heat 
fusion portions to 5 mm inside the battery at a width of 5 mm. 
with an isosceles triangular end of 4 mm in height. A through 
hole of 1.5 mm in diameter was formed at a 4 mm distance 
from the vertex of the isosceles triangle to the periphery in the 
vertical direction to form a safety valve. 
0099. An electrolysis solution with 1 mol/l LiPF as the 
carrier salt and ethylene carbonate (EC):diethyl carbonate 
(DEC)=30:70 by volume as the solvent was poured in the 
stack through the feed port by means of vacuum impregna 
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tion, and the electrolysis solution feed port was then sealed up 
to obtain a lithium ion battery. 
0100. The obtained lithium ion battery was charged to 4.2 
V at 0.3C by constant current charging, and then by constant 
Voltage charging until the total charging time reached 10 
hours, after which the battery was discharged down to 3.0 V 
on a 0.2C constant current. 
0101 Preparation of the Assembled Battery 
0102) Eight such lithium ion batteries prepared as men 
tioned above were stacked one upon another as shown in FIG. 
9A, and connected in series by means of a conductive material 
comprising nickel clad around copper, and aluminum plates 
of 2 mm in thickness were attached to the top and bottom of 
the stack, and the top and bottom aluminum plates were fixed 
by means of bolts and nuts. 
0103 Overcharge Testing 
0104. The assembled battery fabricated as mentioned 
above was charged on a 1 C constant charge current at an 
ambient temperature of 25° C. for 3 hours. With a 72 V 
voltage initially applied on the assembled battery, the safety 
valves of all the unit batteries constituting the assembled 
battery were actuated to release pressures from inside: there 
was no cleavage in other heat fusion portions. 

Example 2 
0105 Example 1 was repeated to fabricate a unit battery 
with the exception that the heat fusion width of the inter 
terminal seal portion was set to 5 mm as in other peripheral 
seal portions, and a polycarbonate retaining member of 20 
mm in length, 10 mm in width and 3 mm in thickness was 
joined to an inter-terminal press portion. An assembled bat 
tery was fabricated as in Example 1, and overcharge testing 
was carried out as in Example 1. The safety valves of all the 
unit batteries constituting the assembled batter were actuated 
to release pressures from inside: there was no cleavage in 
other heat fusion portions. 

Example 3 
0106. As in Example 1, an assembled battery is fabricated 
with the exception that for the positive electrode active sub 
stance, lithium manganate and lithium nickelate having a 
composition formula LiNiCoO were mixed together at 
8:2 by weight, and overcharge testing was performed as in 
Example 1. 
0107 The safety valves of all the unit batteries constitut 
ing the assembled batter were actuated to release pressures 
from inside: there was no cleavage in other heat fusion por 
tions. 

Comparative Example 1 
0.108 Example 1 was repeated to fabricate a unit battery 
with the exception that the heat fusion width of the inter 
terminal seal portion was set to 5 mm as in other peripheral 
seal portions, and the unit batteries were stacked one upon 
another into an assembled battery that was in turn subjected to 
overcharge testing as in Example 1. 
0109 Out of 8 unit batteries constituting the assembled 
battery, the safety valves of six were actuated to release pres 
Sures from inside, but there was a cleavage in the heat fusion 
portions of two. 
What is claimed is: 
1. A closed type battery comprising a battery element cov 

ered with a covering film and a heat fusion seal portion 
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formed by heat fusion on a periphery of the covering film, 
characterized in that a cleaving strength upon an internal 
pressure rise of a seal portion positioned between a positive 
electrode terminal and a negative electrode terminal is larger 
than that of any other seal portion, and a safety valve adapted 
to release pressure upon a battery's internal pressure rise is 
located at a portion other than said inter-terminal seal portion. 

2. The closed type battery according to claim 1, wherein a 
heat fusion seal portion extending from an outer periphery of 
the battery around said inter-terminal seal portion to within 
the battery is wider than that positioned at any other seal 
portion. 

3. The closed type battery according to claim 1, wherein 
said inter-terminal seal portion is provided on its outer Surface 
with a retaining member adapted to press the seal portion 
when the battery is incorporated in battery drive equipment. 

4. The closed type battery according to claim 1, character 
ized by being a lithium ion battery wherein a composite 
lithium manganese oxide having a composition formula Li 
aMn-MyO, where 0.03sxs0.16,0sys0.1, -0.1szs0.1, 
and M is at least one selected from Mg, Al, Ti, Co and Ni is 
used for a positive electrode active Substance. 

k k k k k 
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