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57) ABSTRACT

A nonaqueous secondary electrolytic battery comprising an
clectricity-generating element formed by spirally winding a
laminate of a positive electrode plate, a separating material
and a negative electrode plate, and an electrolytic solution
with which the separating material, if it is a separator, is
impregnated. The electricity-generating element is sealed in
a battery case formed by a resin-laminated sheet comprising
a metal layer as a barrier layer. Only a pair of lead terminals
are drawn to the exterior of the battery case. The resin sheet
comprises an oriented resin layer laminated on both surfaces
of the metal layer. The inner heat-fused layers are opposed
and heat-fused to each other. A molten and solidified resin
mass is formed protruding from the inner end of the welded
portion toward the inner space of the battery by 0.1 mm or
more. Alternatively, the welded portion is formed thinner at
the outer end thereof than at the inner end thereof.
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NONAQUEOUS SECONDARY ELECTROLYTIC
BATTERY

TECHNICAL FIELD

[0001] The present invention relates to a battery compris-
ing a case formed by a resin sheet.

TECHNICAL BACKGROUND

[0002] In recent years, electronic apparatus such as por-
table wireless telephone, portable personal computer and
portable video camera have been developed, and various
electronic apparatus have been reduced in size to an extent
such that they are portable. This requires the use of batteries
having a high energy density and a light weight as batteries
to be incorporated in these electronic apparatus. A typical
battery that satisfies these requirements is a nonaqueous
secondary electrolytic battery comprising as a negative
electrode material a lithium intercalation compound having
lithium metal, lithium alloy or lithium ion occluded in a
carbon-based material as a host material (‘T'he term ‘“host
material” as used herein is meant to indicate a material
capable of occluding and releasing lithium ion), as a positive
electrode material a compound which undergoes reversible
electrochemical reaction with lithium ion such as lithivm-
cobalt compositc oxide and as an clectrolytic solution an
aprotic organic solvent having a lithium salt such as LiCl1O,,
and LiPF, dissolved therein.

[0003] This nonaqueous secondary electrolytic battery
comprises a negative electrode plate having a negative
electrode compound containing the foregoing negative elec-
trode material retained on a negative electrode collector as
a support, a positive electrode plate having a positive
electrode compound containing the foregoing positive elec-
trode material retained on a positive electrode collector as a
support and a separating material provided interposed
between the negative electrode plate and the positive elec-
trode plate. The separating material often means a separator
for retaining the electrolytic solution as well as interposing
between the negative electrode plate and the positive elec-
trode plate to prevent the shortcircuiting of the two elec-
trodes. However, a solid electrolyte which is disposed
between the negative electrode plate and the positive elec-
trode plate to prevent shortcircuiting as well as cause ionic
conduction, too, is called a separating material.

[0004] The foregoing positive electrode plate and negative
clectrode plate, which arc cach in the form of thin shect, arc
laminated on each other or spirally wound normally with a
separating material interposed therebetween to form an
electricity-generating element. The electricity-generating
element thus is received in a battery case made of a metal
such as stainless steel, nickel-plated iron or aluminum into
which an electrolytic solution is then injected. The battery
case is then hermetically sealed with a cover plate to
assemble a battery.

[0005] The use of such a metallic battery case provides a
high airtightness and an excellent mechanical strength but
puts greal restrictions on the reduction of the weight of the
battery and the selection of the shape of the battery.

[0006] As an approach for solving the foregoing problem
there has been proposed a structure comprising an electric-
ity-generating element received in a battery case made of a
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resin sheet. This structure is advantageous in that it can
reduce the weight of the battery and enhance the degree of
selection of the shape of the battery. On the other hand, this
structure has the following disadvantages and problems
awaiting solution.

[0007] (a) A structure comprising as the foregoing resin
sheet a resin sheet made of a laminate of a metal foil and a
heat-fusible resin layer is advantageous particularly in that it
gives a high airtightness. However, when the resin sheet is
welded under tension, the metal foil undergoes cracking,
deteriorating the sealing properties of the resin sheet. Thus,
water enters into the battery, reducing the life of the battery.

[0008] (b) The structure having a battery case formed by
this kind of a resin sheet is liable to peeling of the welded
portion of the ends of the sheet which are superimposed on
cach other with the rise in the inner pressure of the battery.
The metal-resin sheet exhibits a sufficiently enhanced air-
tightness in the direction perpendicular to the metal foil.
However, the exterior and the interior of the battery case are
separated not by the metal foil but by the resin layer
sandwiched by two sheets of metal foil at the welded portion
of the ends of the sheet which are superimposed on each
other. Thus, water content and electrolytic components can
casily pass though the resin layer.

[0009] (c) The production of this kind of a battery is often
carried out by a process which comprises putting an elec-
tricity-generating element provided with lead terminals into
an open battery case made of a resin sheet, injecting an
electrolytic solution into the battery case, and then welding
the opening portion of the battery case with the lead termi-
nals put between the two sides of the opening portion to seal
the battery case. However, since the electrolytic solution hits
and bounces off the electricity-generating element or is
attached to the lead terminals during injection into the
battery case, welding is occasionally carried out with the
electrolytic solution attached to the area of the resin sheet to
be welded. This also causes the deterioration of the sealing
properties.

[0010] (d) The spirally-wound electricity-generating ele-
ment, if used, can be easily loosed when received in a battery
case made of a resin sheet unlike in the metallic case.
Eventually, the gap between the various electrode plates
cannot be kept constant over an extended period of time.
Accordingly, this structure tends to show an decrease of
discharge capacity after repeated charge-discharge cycles.

[0011] (e) At the first step of forming a battery case from
a resin sheet, two parallel sides of the resin sheet are welded
to each other to form a cylinder. However, the welded
portion protrudes from the battery case when the battery is
assembled. Thus, this protrusion interferes in the accumu-
lation of a plurality of the batteries. Accordingly, the accu-
mulation of these batteries can easily produce an unneces-
sary space or takes time to compress the stack of these
batteries so that the protrusion doesn’t interfere.

[0012] (D) In this structure, the electricity-generating ele-
ment is subject to less pressure than the conventional case
comprising a metallic case. Accordingly, in the case where
the battery comprising a case made of a resin sheet is used
in a vibrational atmosphere, the electricity-generating ele-
ment can easily move in the battery case, occasionally
breaking the lead terminals at the point between the fixed
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area at the heat-welded portion and the electricity-generating
element. Further, since the electricity-generating element is
subject to small pressure, there occurs nonuniformity in the
distance between electrodes in the electricity-generating
element, causing the deterioration of charge-discharge prop-
erties.

[0013] The present invention has been worked out in the
light of the foregoing circumstances. An object of the
present invention is to provide a battery having a long life
which exhibits a sufficiently enhanced airtightness while
attaining the reduction of the weight of the battery case made
of a resin sheet. Another object of the present invention is to
prevent the welded portion of the two ends of resin sheet
from interfering in the accumulation of batteries, enhancing
the volume energy density of the entire battery. A still
another object of the present invention is to prevent the
breakage of lead terminals in the battery case.

DISCI.OSURE OF THE INVENTION

[0014] The battery according to the invention comprises
the following elements: an electricity-generating element
comprising a positive electrode plate and a negative elec-
trode plate which are disposed opposed to each other with a
separating material interposed therebetween and lead termi-
nals connected to the respective electrode plates and a
battery case made of a resin sheet (formed by laminating an
oriented resin layer on both surfaces of a metal layer) which
is open in one or two directions before sealing and then
welded at its openings with the foregoing electricity-gener-
ating element received therein and the foregoing lead ter-
minals inserted through one of the openings to seal the case.

[0015] As the metal layer constituting the resin sheet there
may be used an aluminum foil, aluminum alloy foil, titanium
foil or the like. The number of the resin layers and metal
layers constituting the resin sheet is not limited to one. Two
or more resin layers and metal layers may be used to form
the resin sheet. The resin layer may be in the form of a
multi-layer structure comprising layers of the same or dif-
ferent materials. The structure of the resin sheet is not
limited to resin layer-metal layer-resin layer structure but
may be resin layer-resin layer-metal layer-resin layer struc-
ture or resin layer-metal layer-resin layer-metal layer-resin
layer structure. In short, the metal layer is little liable to
cracking to provide improvements in sealing properties so
far as a resin layer which has been oriented is provided on
both surfaces of the metal layer. The term “provided on both
surfaccs of the metal layer” as used hercin docs not neces-
sarily mean that the resin layer comes in contact with the
metal layer. For example, the resin sheet may have an
oriented resin layer-unoriented resin layer-metal layer-un-
oriented resin layer-oriented resin layer structure. Thus, the
structure having a thin unoriented resin layer is substantially
included in the present invention.

[0016] In order to weld the opening of the resin sheet, it is
necessary that a thermoplastic high molecular material such
as polyethylene, polypropylene and polyethylene terephtha-
late be present on the surface layer of the resin sheet.

[0017] In a preferred embodiment of the electricity-gen-
erating element to be used in the invention, a positive
electrode plate and a negative electrode plate are wound
with a separating material interposed therebetween to make
an ellipsoidal coil having an ellipsoidal section almost
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perpendicular to the axis thereof. However, the present
invention is not limited to this shape. The electricity-gen-
erating element according to the invention may be in any
form such as coil having a circular or noncircular section,
stack of flat electrode plates with a separating material
interposed therebetween and stack of sheet-shaped elec-
trodes [olded with a separating material interposed therebe-
tween. The term “ellipsoid” as used herein is meant to
indicate a shape obtained by combining a nearly semi-arch
portion and a nearly linear portion in such an arrangement
that a pair of opposing semi-arc portions are connected to
each other at the ends thereof with two parallel linear
portions.

[0018] In thc casc where an cllipsoidally wound clectrie-
ity-generating element is received in the battery case made
of a resin sheet which is open in one or two directions, the
winding axis of the ellipsoidally wound electricity-generat-
ing element is preferably perpendicular to the plane of the
opening of the unsealed battery case. The term “perpendicu-
lar” as used herein means not only “completely perpendicu-
lar” but also “almost perpendicular™.

[0019] The electricity-generating element according to the
invention comprises a positive electrode, a negative elec-
trode and a separating material in combination. The positive
electrode plate is prepared by applying a positive electrode
compound obtained by mixing an active positive electrode
material, a binder and an electrically-conducting agent
described later to one or both surfaces of an electrically-
conductive sheet-shaped or foil-shaped collector, and then
drying the coated material. The negative electrode plate is
prepared by applying a negative electrode compound
obtained by mixing an active negative electrode material and
a binder described later to one or both surfaces of an
electrically-conductive sheet-shaped or foil-shaped collec-
tor, and then drying the coated material.

[0020] In the case where the separating material prevents
the shortcircuiting of the two electrodes, it is usual that the
electrolytic solution is injected into the battery case prior to
sealing of the battery case. However, the electricity-gener-
ating element may comprise in combination a positive
electrode, a negative electrode and a solid electrolyte which
also acts as a separating material. The foregoing solid
electrolyte may be an organic material, an inorganic material
or a combination thereof or may be a high molecular
clectrolyte or porous material impregnated with an electro-
lytic solution.

[0021] As a nonaqueous electrolytic solution to be used as
an electrolyte there may be used a known material.
Examples of such a nonaqueous electrolytic solution include
polar solvents such as ethylene carbonate, propylene car-
bonate, dimethyl carbonate, diethyl carbonate, y-butyrolac-
tone, sulfolane, dimethylsulfoxide, acetonitrile, dimethylfor-
mamide, dimethylacetamide, 1,2-dimethoxyethane, 1,2-
dicthoxyethane, tetrahydrofuran, 2-methyltetrahydrofuran,
dioxolane and methyl acetate, and mixture thereof.

[0022] Examples of lithium salt to be dissolved in the
organic solvent include salts such as LiPF, LiClO,, LiBF,
LiAsF, LiCF;CO,, LiCF;SO,, LiN(SO,CF5),
LiN(SO,CF,CF,), LIN(COCF,) and LiN(COCF,CF,),. and

mixture thereof.

[0023] Further, an electrolyte layer mainly composed of an
organic material, an inorganic material or a mixture thereof
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may be formed on the upper surface of the positive electrode
compound layer and/or negative electrode compound layer.
The electrolyte layer is essentially required to be chemically
or electrochemically stable in the battery and have a raised
mechanical strength. The electrolyte layer is preferably
made of a solid electrolyte. However, the electrolyte layer
doesn’t need o be made of a single component as a whole.
Further, the electrolyte layer doesn’t need to be made of an
electrolyte as a whole. For example, a solid electrolyte
which has been impregnated with an electrolytic solution to
have an enhanced conductivity or a known separating mate-
rial impregnated with an electrolyte may be used. In other
words, lithium ion can be smoothly transferred at the inter-
face of the electrolyte layer with the electrode plates or in the
electrolyte plate through the electrolytic solution. However,
if an organic electrolytic solution is contained in the elec-
trolyte layer, the charging voltage cannot be raised beyond
the decomposition voltage of the organic electrolytic solu-
tion, restricting the range of sclection of the active matcrial
to be used. Accordingly, an electrolyte layer free of organic
electrolytic solution is preferably used to enhance the degree
of freedom of selection of materials.

[0024] When an organic solid material such as polyethyl-
ene oxide, polyacrylonitrile, polyethylene glycol and modi-
fication product thereof is used as a constituent of the solid
electrolyte, little cracking occurs during winding because
such an organic solid malterial is lighter and more [exible
than inorganic solid materials. On the other hand, when the
constituent of the solid electrolyte is a lithium-ionically
conductive inorganic solid material such as lithium-lantha-
num perovskite and lithium-ioncially conductive glass, the
resulting solid electrolyte exhibits a high heat resistance and
hence an excellent reliability at high temperatures.

[0025] In addition, when the constituent of the electrolyte
layer is a mixture of an organic material and an inorganic
material, the resulting electrolyte layer allows the two com-
ponents to compensate for defect of the other while accom-
plishing the advantage of the two components. In other
words, even if the organic material in the mixture melts, it
can be retained by the inorganic material and thus doesn’t
flow away. Even when the inorganic material is contained in
a large amount, the organic material acts as a binder, making
it possible to prevent cracking. In the case where the
constituent of the electrolyte layer is a mixture, if one of the
components of the mixture is an electrolyte, the other may
be a nonelectrolyte which is an inorganic material (inorganic
filler) such as magnesium oxide, silicon oxide and calcium
salt of silicon oxide or a mixture thereof. The mixture may
comprise an inorganic material in an amount of from 70 to
85%, an organic solid material in an amount of from 10 to
15%, and the balance of other components (e.g., binder such
as polyvinylidene fluoride). An electrolyte salt may or may
not be used depending on the constitution.

[0026] As the separating material constituting the electric-
ity-generating element according to the invention there may
be used an insulating polyethylene microporous membrane
impregnated with an electrolytic solution, high molecular
electrolyte or gel electrolyte comprising a high molecular
electrolyte impregnated with an electrolytic solution. Alter-
natively, an insulating microporous membrane, a high
molecular solid electrolyte, etc. may be used in combination.
When a porous high molecular solid electrolyte layer is used
as a high molecular solid electrolyte, the clectrolyte with
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which the high molecular material is impregnated may be
different from the electrolyte to be incorporated in the pores.

[0027] The active positive electrode material is not spe-
cifically limited. Examples of an inorganic compound to be
used as such an active positive electrode material include
composite oxide represented by the composition formula
LixMO, or LiyM,0, (wherein M represents a transition
metal, X represents a number of from O to 1, both inclusive,
and y represents a number of from 0 to 2, both inclusive),
oxide having tunnel-like pores, and laminar metal chalcogen
compound. Specific examples of these inorganic compounds
include LiCoQO,, LiNiO,, LiMn,0,, Li,Mn,O,, MnO,,
FeO,, V,04, V0,5, TiO,, and TiS,. Examples of an organic
compound to be used as an active positive electrode material
include electrically-conductive polymers such as polya-
niline. The foregoing various active materials may be used
in admixture regardless of which they are inorganic or
organic.

[0028] The active negative clectrode material is not spe-
cifically limited. Examples of the active negative electrode
material employable herein include oxides of Al, Si, Pb, Sn,
Zn and Cd, alloy of these metals with lithium, transition
metal oxides such as LiFe,O5;, WO, and MoO,, carbon-
based malterials such as graphite and carbon, lithium nitrides
such as Lig(LLi;N), metal lithium foil, and mixture thereof.

[0029] Inthe case where the two ends of the opening of the
resin sheet are welded to each other to seal the battery case,
the sealing properties of the battery case can be further
enhanced by melting and solidifying the resin to form a mass
at the welded portion more inside the battery case than the
inner end of the welded portion.

[0030] The battery case made of a resin sheet employable
herein may be in any form such as cylindrical laminate case
formed by heat-fusing a metal-laminated resin film, case
obtained by heat-fusing four sides of two metal-laminated
resin sheets, case obtained by double-folding a resin sheet
and heat-fusing three sides of the folded sheet, and cup-
shaped laminate case obtained by press-molding a metal-
laminated resin sheet such that the electricity-generating
element can be received.

[0031] In order to enhance the sealing properties of the
battery case, the thickness of the welded portion at which
two edges of the opening of the resin sheet are welded to
each other to seal the battery case may be predetermined
smaller at the outer end of the battery case than at the inner
end of the battery case. It is thought that the reduction of the
thickness of the outer end reduces the contact area with the
atmosphere, enhancing the sealing properties.

[0032] In the case where a battery case made of a resin
sheet which has been sealed with the foregoing electricity-
generating element received in the interior thereof is pre-
pared, it is preferred that two parallel sides of a rectangular
resin sheet are opposed and welded to each other to form a
cylinder which is open in two directions (this welded portion
will be hereinaller reflerred to as “welded portion X”). With
the lead terminals of the foregoing electricity-generating
element put in one of the two openings, the two edges, of the
openings are then opposed and welded to each other to form
a sealed bag, thereby forming a structure having the surface
of the welded portion X fixed to the surface of the battery
case. By fixing the welded portion X to the surface of the
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battery case, the welded portion X can be prevented from
protruding from the battery case. Thus, no unnecessary
space can be produced when a plurality of batteries are
stacked. Further, this structure facilitates stacking of batter-
ies.

[0033] Similarly, in the case where a bag-shaped battery
case made of a resin sheet which has been sealed with an
electricity-generating element received in the interior
thereof is prepared, the battery case is prepared by welding
two parallel sides of a rectangular resin sheet opposed to
each other to form a cylinder which is open in two directions
(this welded portion will be hereinafter referred to as
“welded portion X”). With the lead terminals of the fore-
going electricity-generating element put in one of the two
openings, the two edges of the openings are then opposed
and welded to each other to form a sealed bag (the portion
welded with the lead terminals put therein will be hereinalter
referred to as “welded portion Y”, and the other welded
portion will be hereinafter referred to as “welded portion
Z”), thereby forming a structure having the surface of the
welded portion X fixed to the surtface of the welded portion
Y and/or welded portion Z. In this arrangement, too, the
welded portion X can be prevented from protruding from the
battery case. Thus, no unnecessary space can be produced
when a plurality of batteries are stacked. Further, this
structurc facilitates stacking of batterics.

[0034] In order to fix the welded portion X to the surface
of the battery case or the welded portion Y and/or welded
portion Z, a proper adhesive agent may be used depending
on the material of the resin sheet. Alternatively, they may be
heat-fused to each other.

[0035] In the case where a fixing tape is wound on the
coiled electricity-generating element along its winding axis,
the welded portion X of the battery case is preferably
positioned so as to partly overlaps the fixing tape. The coiled
electricity-generating element is always pressed at the por-
tion where the welded portion X and the fixing tape overlap
each other, keeping the distance between the electrodes
constant during charge-discharge cycle and hence minimiz-
ing the decrease of capacity with the increase of the number
of cycles.

[0036] In the case of battery provided with bent lead
terminals, the lead terminals are preferably curved at a
radius of from 0.5 mm to 4 mm. When the radius of
curvature falls below 0.5 mm, the lead terminals can easily
break. On the contrary, when the radius of curvature exceeds
4 mm, the space efficiency is lowered.

[0037] In the structure comprising an electricity-generat-
ing element received in a closed battery case made of a resin
sheet, it is preferably arranged that the electricity-generating
element has lead terminals which linearly extend to the
exterior of the battery case and the inner pressure in the
sealed battery case is lower than ordinary atmospheric
pressure, i.e., 760 mmHg. This is because the difference
between the inner pressure and ordinary atmospheric pres-
sure causes the electricity-generating element to be clamped,
keeping the distance between the electrodes constant during
charge-discharge cycle and hence minimizing the decrease
of capacity with the increase of the number of cycles.

[0038] In order to inject the electrolytic solution into the
battery case made of a resin sheet, it is preferred that a

May 20, 2004

foam-preventive material made of an insulating net,
unwoven cloth, felt or porous material be disposed along the
winding axis of the electricity-generating element in contact
with the electricity-generating element to receive the elec-
tricity-generating generating element in the battery case,
followed by the injection of the electrolytic solution from
the [oam-preventive material side. In some detail, an clec-
tricity-generating element having an insulating foam-pre-
ventive material fixed thereto is received in a battery case
which is open in two directions. The battery case is then
welded and sealed at the opening where the foam-preventive
material is not disposed. Thereafter, an electrolytic solution
is injected into the battery case through the other opening
where the foam-preventive material is disposed. Thereafter,
the battery case is evacuated. The two opposing edges of the
other opening are then welded to each other to seal the
battery case. Since the electrolytic solution moves into the
electricity-generating element while permeating into the
foam-preventive material during the injection, the clectro-
lytic solution can be prevented from hitting and bouncing off
the electricity-generating element and hence can be pre-
vented from being attached to the inner area of the battery
case close to the opening. Further, since the upper end of the
electricity-generating element is covered by the foam-pre-
ventive material, even when bubbles burst in the electrolytic
solution during evacuation, no spray can be scattered out of
the electricity-generating element, making it possible to
prevent the electrolytic solution from being attached to the
sealed portion and hence prevent the deterioration of the
sealing properties.

[0039] Examples of the foregoing foam-preventive mate-
rial include net, unwoven cloth, felt and porous material
made of a polyolefin such as polypropylene and polyethyl-
ene. In order to fix the foam-preventive material to the
electricity-generating element, a means such as heat fusion
and bonding can be employed. As the adhesive there is
preferably used an adhesive material which has heretofore
been used in adhesive tapes. Examples of such an adhesive
matcrial includc silicon-basced adhesive, rubber-based adhe-
sive, and acrylic adhesive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIG. 1 is a perspective view of a nonaqueous
secondary electrolytic battery according to the first embodi-
ment of implication of the present invention.

[0041] FIG. 2 is a perspective view of an electricity-
generating element of the first embodiment.

[0042] FIG.3 is an enlarged sectional view of a resin sheet
of the first embodiment.

[0043] FIG. 4 is a perspective view of a nonaqueous
secondary electrolytic battery according to the second
embodiment of implication of the present invention.

[0044] FIG. 5 is an enlarged sectional view of the welded
portion of lead electrode drawing portion taken along the
line A-A' of FIG. 4.

[0045] FIG. 6 is an enlarged scctional view of the welded
portion taken along the line B-B' of FIG. 4.

[0046] FKI1G. 7 is an enlarged sectional view of the welded
portion showing a battery of the type different from that of
the second embodiment of FIG. 6.
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[0047] FIG. 8 is an enlarged sectional view of the welded
portion of a nonaqueous secondary electrolytic battery
according to the third embodiment of implication of the
present invention.

[0048] FIG. 9 is an enlarged sectional view of the welded
portion of another type of a battery of the third embodiment
of the present invention.

[0049] FIG. 10 is a perspective view of a nonaqueous
secondary electrolytic battery according to the fourth
embodiment of implication of the present invention.

[0050] FIG. 11 is a perspective view of a battery case
having no electricity-generating element received therein.

[0051] FIG. 12 is a perspective view of the battery case
having an electricity-generating element received therein.

[0052] FIG. 13 is a perspective view of a sealed battery
case.
[0053] FIG. 14 is an enlarged sectional view of the welded

portion taken along the linc A-A' of FIG. 10.

[0054] FIG. 15 is a perspective view of the electricity-
generating element of a nonaqueous secondary electrolytic
battery according to the sixth embodiment of implication of
the present invention.

[0055] FIG. 16 is a perspective view of a battery case
having an electricity-generating element received therein.

[0056] FIG. 17 is a perspective view of a sealed battery
case.
[0057] FIG. 18 is a side view of a battery according to the

seventh embodiment of implication of the present invention.

[0058] FIG.19 is an enlarged sectional view of the welded
portion.
[0059] FIG. 20 is a side view of a battery according to the

cighth cmbodiment of implication of the present invention.

[0060] FIG. 21 is a side view of a battery according to the
ninth embodiment of implication of the present invention.

[0061] FIG. 22 is a side view of a battery according to the
eleventh embodiment of implication of the present inven-
tion.

[0062] FIG. 23 is a perspective view of the end of a
positive electrode plate.

[0063] FIG. 24 is a sectional view of the end of the
positive electrode plate.

[0064] FIG. 25 is a sectional view of the portion at which
the winding of an electricity-generating element begins.

[0065] FIG.26 is a plan view illustrating a battery accord-
ing to the twelfth embodiment of implication of the present
invention.

[0066] FIG. 27 is a sectional view taken along the line
X-X of FIG. 26.

[0067]

steps.

FIG. 28 is a front view illustrating the production
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BEST MODE FOR CARRYING OUT THE
INVENTION

<First Embodiment>

[0068]

[0069] The first embodiment of implication of the present
invention will be described hercinafter in connection with
FIGS. 1 to 3.

[0070] A nonaqueous secondary electrolytic battery 10
according to the present embodiment comprises an electrode
body 11 (see FIG. 2) composed of a positive electrode plate,
a negative electrode plate and a separating material (not
shown) received in a battery case 13 made of a resin sheet
12 (see FIG. 3) together with a nonaqueous electrolytic
solution (not shown). The reference numeral 14 indicates a
positive electrode lead terminal, and the reference numeral
15 indicates a negative electrode lead terminal. The refer-
ence numeral 16 indicates a margin to weld on the end ol the
battery case where the drawing portion of the lead terminals
14 and 15 are disposed, and the reference numeral 17
indicates a margin to weld on the end of the battery case
opposite the margin 16.

[0071] The resin sheet 12 is an aluminum-resin sheet. As
shown in FIG. 3, the resin sheet 12 comprises a PET layer
121 having a thickness of 12 wm prepared by biaxial
orientation process, an aluminum layer 122 having a thick-
ness of 9 um, a PET layer having a thickness of 12 um
prepared by biaxial orientation process, a PE (polyethylene)
layer 124 having a thickness of 15 m, and a modified PE
layer having a thickness of 50 um in the descending order.
The PET layer 121, PET layer 123, PE layer 124 and
modified PE layer 125 are resin layers, and the aluminum
layer 122 is a metal layer. Two sheets of the resin sheet 12
are welded to each other in such an arrangement that their
modified PE layers 125 are opposed to each other to form a
sealed bag-shaped battery case 13. The lamination of the
oriented PET layers 121 and 123 which are disposed above
and under the aluminum layer 122, respectively, with the
aluminum layer 122 is carried out by dry lamination process.

[0072] The positive electrode plate comprises a lithium-
cobalt composite oxide retained as an active material on a
collector. As the collector there was used an aluminum foil
having a thickness ot 20 um. T'he positive electrode plate
was prepared by a process which comprises mixing 8 parts
of a polyvinylidene fluoride as a binder and 5 parts of
acetylene black as an electrically-conducting agent with 87
parts of an active material, adding properly N-methylpyr-
rolidonc to the mixturc, pasting the mixturc to form a
positive electrode compound, applying the positive elec-
trode compound to both surfaces of the collector material,
and then drying the coated material.

[0073] As the collector for negative electrode plate there
was used a coil foil having a thickness of 14 um. The
negative electrode plate was prepared by a process which
comprises mixing 86 parts of graphite as an active material
and 14 parts of a polyvinylidene fluoride as a binder, pasting
the mixture to form a negative electrode compound, apply-
ing the negative electrode compound to both surfaces of the
collector, and then drying the coated malterial.

[0074] The separator as separating material is a polyeth-
ylene porous membrane. The electrolytic solution is a 1:1
(by volume) mixture of ethylene carbonate and diethyl
carbonate containing 1 mol/l of LiPF;.
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[0075] Referring to the size of the various members, the
thickness and width of the positive electrode plate are 180
um and 62 mm, respectively, the thickness and width of the
separator are 25 um and 67 mm, respectively, and the
thickness and width of the negative electrode plate are 170
um and 64 mm, respectively.

[0076] Subsequently, a rectangular aluminum lead termi-
nal was each welded to the positive electrode plate and
negative electrode plate. A polyimide resin tape was then
stuck to the welded portion with an urethane-based adhesive
resistant to electrolytic solution to reinforce the battery case.
Subsequently, the positive electrode, the separator, the nega-
tive electrode and the separator were laminated in this order.
The laminate was then wound on the rectangular polyeth-
ylene core in such an arrangement that the longer side of the
rectangle is parallel to the winding axis of the electricity-
generating element to form a noncircular electricity-gener-
ating element. A fixing tape 18 made of a polyimide was then
stuck to the electricity-generating element wall parallel to
the winding axis at the tail end of the electrode to a length
corresponding to the width of the electrode (length of the
electrode parallel to the winding axis) to fix the winding of
the electricity-generating element. (See FIG. 2)

[0077] Subsequently, the electricity-generating element 11
was placed on the central portion of a flat resin sheet 12. The
resin sheet 13 was wound from the both ends thereof in such
an arrangement that the electricity-generating element 11
was wrapped. The ends of the resin sheet 13 were brought
into contact with each other in such an arrangement that their
modified PE layers were opposed to each other, and then
compressed while being heated by a heating plate so that
they were heat-fused to each other. (The resulting welded
portion is a margin 19 to weld.) The resin sheet was then
heat-fused at the side thereof where the lead terminals 14
and 15 were not present. Subsequently, an electrolytic
solution was vacuum-injected into the battery case in an
amount such that the various electrodes and the separator
can be thoroughly wet and there can be present no free
electrolytic solution outside the group of electrodes. Subse-
quently, the resin sheet 13 was similarly heat-lused on the
side thereof where the lead terminals 14 and 15 are provided.
As a result, a battery case 13 welded at only three positions
was formed.

[0078] 10samples of battery 1A according to the invention
having a designed capacity of 800 mAh, a length of 80 mm,
a width of 35 mm and a thickness of 4 mm wecre preparced
in accordance with the foregoing constitution and procedure.
Further, 10 samples of each of batteries 1B, 1C and 1D
according to the invention having a designed capacity of 800
mAbh, a length of 80 mm, a width of 35 mm and a thickness
of 4 mm were prepared in accordance with the same
constitution and procedure as mentioned above except that
the structure of the resin sheet 12 constituting the battery
case 13 was as follows. In other words, the resin sheet 12 of
the battery 1B comprises a PET layer having a thickness of
121 m prepared by biaxial orientation process, an aluminum
layer having a thickness of 9 um, a PP layer (oriented
polypropylene) having a thickness of 15 um prepared by
orientation process, and a modified PP layer having a
thickness of 50 ¢#m in the descending order. In this structure,
the modified PP layers are welded to each other to form a
battery case 13.
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[0079] The resin sheet 12 of the battery 1C comprises a
PET layer having a thickness of 12 um prepared by biaxial
orientation process, an aluminum layer having a thickness of
9 um, a nylon layer having a thickness of 12 um prepared by
orientation process (oriented nylon), and a modified PP layer
having a thickness of 50 um in the descending order.

[0080] The resin sheet 12 of the battery 1D comprises a
nylon layer having a thickness of 12 um prepared by
orientation process (oriented nylon), an aluminum layer
having a thickness of 9 yum, a PET layer having a thickness
of 12 um prepared by orientation process, and a modified PP
layer having a thickness of 50 um in the descending order.

[0081] Further, 10 samples of comparative battery R1
having a designed capacity of 800 mAh, a length of 80 mm,
a width of 35 mm and a thickness of 4 mm were prepared
in the same constitution and procedure as battery 1A except
that the structure of the resin sheet 12 constituting the battery
case 13 was as [ollows. In other words, the resin sheet 12 of
the battery R1 comprises a PET layer having a thickness of
12 pm prepared by biaxial orientation process, an aluminum
layer having a thickness of 9 um, and a modified PE layer
having a thickness of 70 um in the descending order.

[0082] The various resin sheets (20 mm widex50 mm
long) uscd to preparc the battery casc 13 of thesc batterics
1A to 1D and R1 were each repeatedly bent longitudinally
at an angle of 180 degrees at the center thereof and then
extended (this movement constitutes one cycle). Thus, the
number of cycles at which the aluminum layer undergoes
cracking was examined. The results are set forth in Table 1.

TABLE 1

Number of bending
cycles at which

Battery Structure of resin sheet cracking occurs

1A Biaxially oriented PET/Al/biaxially 10
oriented PET/PE/modified PE

1B Biaxially oriented PET/Al/oriented 8
PP/modified PP

1C Biaxially oriented PET/Al/oriented 11
Ny/modified PE

1D Oriented Ny/Al/oriented PP/modified 9
PE

R1 Biaxially oriented PET/Al/modified P 1

[0083] Table 1 shows that the resin sheet of the compara-
tive battery R1 underwent cracking at the first bending cycle.
On the other hand, it was shown that the resin sheet of the
battcrics 1A, 1B, 1C and 1D, which compriscs an oricnted
resin layer provided above and under an aluminum layer as
a metal layer, can undergo cracking far more difficultly than
the resin sheet of the comparative battery R1.

[0084] 10samples of each of the batteries 1A to 1D and R1
were subjected to constant-current and constant-voltage
charging at 800 mA, 4.1 V and 3 h to the full. The margin
17 1o weld was then bent toward the terminal side so that it
was double-folded. The batteries thus processed were then
allowed to stand at a temperature of 60° C. and 90% RH for
30 days. The batteries were then examined for corrosion of
aluminum at the folded portion (visual observation), vertical
swelling of battery and leakage of electrolytic solution. The
results are set forth in Table 2.
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TABLE 2
Leakage of
Corrosion of Battery swelling electrolytic
Battery aluminum (vertical) solution
1A 0/10 samples 0.1 mm to 0.2 mm 0/10 samples
1B 0/10 samples 0.1 mm to 0.2 mm 0/10 samples
1C 0/10 samples 0.1 mm to 0.2 mm 0/10 samples
1D 0/10 samples 0.1 mm Lo 0.2 mm 0/10 samples
R1 6/10 samples 0.3 mm to 1.5 mm 3/10 samples
[0085] Table 2 shows that the batteries 1A to 1D of the

invention showed no corrosion of aluminum and leakage of
electrolytic solution and underwent little swelling as com-
pared with the comparative battery R1.

[0086] The oriented resin sheet is not limited to that used
in the present embodiment.

[0087] In accordance with the present invention, a non-
aqueous secondary electrolytic battery can be provided
comprising a battery base formed by a resin sheet made of
a metal and a resin which can be produced free from
defectives at the production step and can be easily
assembled.

[0088]

[0089] The nonaqueous secondary electrolytic battery
according to the present embodiment comprises an ellipsoi-
dally wound cleetricity-gencrating clement composed of a
positive electrode plate, a separating material and a negative
electrode plate received in a bag-shaped battery case formed
by heat-fusing a metal-laminated resin film together with a
nonaqueous electrolytic solution (not shown). The external
appearance of this nonaqueous secondary electrolytic bat-
tery is shown in FIG. 4. The reference numeral 20 indicates
a bag-shaped battery case, and the reference numeral 21
indicates an electricity generating element comprising a
positive electrode plate and a negative electrode plate ellip-
soidally wound with a polyethylene microporous membrane
as a separating material (separator). The reference numeral
22 indicates the winding axis of the electricity-generating
element, the reference numeral 23 indicates a positive elec-
trode lead terminal connected to the positive electrode plate,
and the reference numeral 24 indicates a negative electrode
lead terminal connected to the negative electrode plate.

<Second Embodiment>

[0090] As the active positive electrode material there was
used a lithium-cobalt composite oxide. The positive elec-
trode plate comprises the foregoing lithium-cobalt compos-
ite oxide retained on an aluminum foil collector having a
thickness of 20 wm as an active material. The positive
electrode plate was prepared by a process which comprises
mixing 6 parts of a polyvinylidene fluoride as a binder and
3 parts of acetylene black as an electrically-conducting agent
with 91 parts of an active material, properly adding N-me-
thylpyrrolidone to the mixture, pasting the mixture to pre-
pare a positive electrode compound, applying the positive
electrode compound to both surfaces of the collector, and
then drying the coated material.

[0091] The negative electrode plate was prepared by a
process which comprises mixing 92 parts of graphite as a
host material and &8 parts of a polyvinylidene fluoride as a
binder, properly adding N-methylpyrrolidone to the mixture,

May 20, 2004

pasting the mixture to prepare a negative electrode com-
pound, applying the negative electrode compound to a
copper foil collector having a thickness of 141 gm, and then
drying the coated material. As the electrolytic solution there
was used a 3:7 (by volume) mixture of ethylene carbonate
and diethyl carbonate containing 1 mol/l of LiPF,.

[0092] Referring to the size of the electrode plates, the
positive electrode plate has a thickness of 185 um and a
width of 42 mm, the separator has a thickness of 25 um and
a width of 45 mm, and the negative electrode plate has a
thickness of 160 um and a width of 43.5 mm. Lead terminals
23 and 24 were welded to the positive electrode plate and
negative electrode plate, respectively. The positive electrode
plate, the separator and the negative electrode plate were
laminated in this order, and then ellipsoidally wound on a
rectangular polyethylene core in such an arrangement that
the long side of the rectangle is parallel to the winding axis
22 to prepare an electricity-generating element having a size
of 48 mmx27.3 mmx3.23 mm.

[0093] Subsequently, a fixing tape made of a polypropy-
lene which is not shown (adhesive coated on one surface
thereof) was stuck to the wall portion of the electricity-
generating element 30 parallel to the winding axis 22 at the
insulating portion of the electrode plate to a length corre-
sponding to the width of the electrode (length of the elec-
tricity-gencrating clement 30 parallel to the winding axis of
the electricity-generating element) to fix the winding of the
electricity-generating element 30.

[0094] The electricity-generating element thus formed
was then received in a cylindrical battery case 20 formed by
a metal-laminated resin film which is open in two directions
in such an arrangement that the winding axis 22 of the
electricity-generating element 30 was perpendicular to the
plane of the opening. The two opposing edges of the opening
where the lead terminals 23 and 24 were disposed were
welded to each other with the lead terminals 23 and 24 put
therein to seal the battery case. Subsequently, an electrolytic
solution was vacuum-injected into the battery case through
the other opening in an amount such that the wvarious
electrodes and the separator can be thoroughly wet and there
can be present no free electrolytic solution outside the
electricity-generating element. Thereafter, the two opposing
edges of the other opening were welded to each other to seal
the battery case 20.

[0095] FIG. 5 illustrates a section (taken along the line
A-A' of FIG. 4) of thc wclded portion of the drawing portion
of the lead terminals of the battery shown in FIG. 4. In the
drawing, the reference numeral 25 indicates a surface pro-
tective layer (PET film having a thickness of 12 um) for resin
sheet constituting the battery case 20, the reference numeral
26 indicates a metal barrier layer (aluminum foil having a
thickness of 9 um), and the reference numeral 27 indicates
a heat-fused layer (acid-modified low density polyethylene
layer 13 having a thickness of 150 um). The surface pro-
tective PET film 25 as the outermost layer and the aluminum
foil 26 as a barrier layer are bonded to each other with an
urethane-based adhesive.

[0096] The positive clectrode lead terminal 23 and the
negative electrode lead terminal 24 are made of a metal
conductor such as copper, aluminum and nickel having a
thickness of from 50 gm to 100 gm.

[0097] In order to weld the resin sheet constituting the
battery case 20, two resin sheets are superimposed on each
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other in such an arrangement that their heat-fused layers 27
are opposed to each other. The resin sheets are then heat-
fused to each other at a temperature of 250° C. The heat-
fused portion is then pressed to a thickness of 250 gm. In this
manner, the molten resin is pressed out of the inner end of
the welded portion of the battery case 20 to seal the battery
case while [orming a resin mass 28. By thus heat-[using the
resin sheet in such a manner that the molten and solidified
resin mass 28 is formed protruding from the inner end of the
welded portion toward the inner space of the battery case 20,
and predetermining that the thickness X of the outer end of
the welded portion is equal to the thickness Y of the inner
end of the welded portion, a battery 2A was prepared (see
FIG. 6). The nominal capacity of the battery A is 420 mAh.

[0098] Further, by heat-fusing the resin sheet in such a
manner that the molten and solidified resin mass 28 is
formed protruding toward the inner space of the battery case
20 in the same manner as mentioned above, and predeter-
mining that the thickness X of the outer end of the welded
portion is smaller than the thickness Y ol the inner end of the
welded portion, a battery 2B was prepared (see FIG. 7). In
order to make the thickness of the two ends of the welded
portion different, the resin sheet is heat-fused using a press
having a slope. In the case of the battery B, the thickness X
of the outer end is 100 gm, the thickness Y of the inner end
is 250 gm, and the nominal capacity is 420 mAh similarly
to the battery A.

[0099] Further, a battery R2 was prepared as a compara-
tive example. This battery was prepared in the same manner
as the foregoing batteries 2A and 2B except that the resin
sheet was heat-fused at the welded portion of the battery
case 20 in such a manner that no resin mass 28 was formed
protruding toward the inner space of the battery case 20 and
the thickness X of the outer end of the welded portion was
equal to the thickness Y of the inner end of the welded
portion.

[0100] The results of measurement of the batteries 2A, 2B
and R2 for pressure resistance are set forth in Table 3. For
the measurement of pressure resistance, hydraulic pressure
was applied to the interior of the battery case 20. The
hydraulic pressure at which the welded portion undergoes
peeling was measured.

TABIE 3

Pressure at which the
welded portion opens

Is resin mass 28 present
in the battery?

Battery R2 No 15 atm.
Battery 2A Yes 28 atm.
Battery 2B Yes 28 atm.
[0101] The batteries 2A and 2B, which comprised a resin

mass 28 provided at the inner end of the welded portion of
the battery case 20, required pressure as great as about twice
the battery R2, which comprised no resin mass, for the
welded portion o open. This is presumably because stress is
scattered to both ends of a curved resin mass 28 present at
the inner end of the bond interface without being applied
directly to the bond interface in the batteries 2A and 2B
while stress is applied only to the bond interface of the
welded portion. As a result, the pressure resistance of the
battery case is enhanced.
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[0102] As can be seen in the foregoing results, the pressure
resistance of the battery case 20 can be remarkably enhanced
by forming a resin mass 28 at the inner end of the welded
portion of the battery case 20. Further, a nonaqueous sec-
ondary electrolytic battery can be provided which doesn’t
undergo peeling at the welded portion of the battery case 20
and thus exhibits an excellent airtightness even when the
inner pressure thereof arises due to heat developed by
overcharging or internal shortcircuiting or storage at high
temperature.

[0103] The resin mass protruding from the inner end of the
welded portion toward the inner space of the battery case
exerts its effect even if its size is considerably small. It
exerted a sufficient effect so far as it protrudes from the
portion at which the resin and the inner surface of the battery
case are welded to each other or the resin and the lead
terminals are welded to each other by 0.1 mm or more.

[0104] In order to confirm the cffcet of the difference
between the thickness X of the outer end of the welded
portion and the thickness Y of the inner end of the welded
portion, the following batteries 2C to 2G were prepared.

[0105] The batteries 2C to 2G have the same sectional
structure of welded portion of battery case 20 as shown in
FIG. 7 and have a thickness Y of 250 um at the inner end
of the welded portion and a thickness X of 245 yum, 240 um,
200 gm, 150 pum, and 50 gum, respectively, at the outer end
of the welded portion to have a difference (=Y-X) of 5 um,
10 pm, 50 pum, 100 um, and 200 um, respectively, between
the thickness Y at the inner end of the welded portion and the
thickness X at the outer end of the welded portion.

[0106] The batteries 2C to 2G and the previously men-
tioned battery 2A were subjected to constant current-con-
stant voltage charging at 400 mA and 4.1 V for 4 hours to
the full, and then allowed to stand at a temperature of 60° C.
for 1 month. The capacity of the battery which had been
allowed to stand was then compared with that of the battery
which had not yet been allowed to stand. l'he increase in
water content and the evaporation loss of the electrolytic
solution in the battery which had thus been allowed to stand
were measured. The results of 60° C.-1 month aging test are
set forth in Table 4.

TABLE 4
Evaporation

Difference Increase loss of

of of water electrolytic % Retention of

thickness content solution capacity
Battery 2A 0 pm 310 ppm 21 mg 82.0
Battery 2C 5 pm 57 ppm 7 mg 85.2
Battery 2D 10 gm 34 ppm 5 mg 90.3
Battery 2E 50 pm 30 ppm 5 mg 92.2
Battery 2F 100 zm 23 ppm 4 mg 93.5
Battcry 2G = 200 gm 20 ppm 3 mg 94.0

[0107] The results of these tests show that the smaller the
thickness X ol the outer end ol the welded portion is as
compared with the thickness Y of the inner end of the welded
portion, the more can be inhibited the entrance of water
content into the battery and the evaporation of electrolytic
solution to the exterior of the battery and the more can be
improved the storage properties of the battery. This is
because the welded portion of the resin sheet is free of a
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metal portion 26 as a barrier layer which prevents the
entrance of water content into the battery case and the
evaporation of electrolytic solution to the exterior of the
battery and thus easily causes the entrance of water content
into the battery and the evaporation of electrolytic solution
to the exterior of the battery through the heat-fused layer.

[0108] Further, when water content enters into the interior
of the battery, it reacts with LiPF in the electrolytic solution
to produce HF which then corrodes aluminum constituting
the positive electrode collector to raise the internal resis-
tance of the battery or reacts with the electrolytic solution on
the surface of the electrode to form a film, causing the drop
of battery capacity. Thus, by making the thickness of the tip
of the welded portion smaller than that of the root of the
welded portion, the contact area of the welded portion with
the atmosphere can be reduced and the passage through
which water content and electrolytic solution pass can be
shortened, making it possible to prevent the entrance of
water content into the interior of the battery and the evapo-
ration of electrolytic solution to the exterior of the battery
and hence prevent the deterioration of the battery properties.
Accordingly, prolonged storage of batteries was made pos-
sible.

[0109]

[0110] The present embodiment differs from the foregoing
second embodiment only in the electrolytic solution and the
structure of welded portion. The other structures of the
present embodiment are the same as that of the second
embodiment shown in FIGS. 4 to 6. As batteries of the third
embodiment there were prepared the following six batteries
3A to 3F. As the electrolytic solution there was used a 3:8
(by volume) mixture of ecthylene carbonate and diethyl
carbonate containing 1.2 mol/l of LiPF, for each of these
batteries.

[0111] [Battery 3A]

[0112] The structure of the welded portion is as shown in
FIG. 8. The thickness Y of the inner end of the welded
portion is 300 um, and the thickness X of the outer end of
the welded portion is 250 gm.

[0113] [Battery 3B]

[0114] The structure of the welded portion is as shown in
FIG. 8. The thickness Y of the inner end of the welded
portion is 300 um, and the thickness X of the outer end of
the welded portion is 200 gm.

[0115] [Battery 3C]

[0116] The structure of the welded portion is as shown in
FIG. 8. The thickness Y of the inner end of the welded
portion is 300 um, and the thickness X of the outer end of
the welded portion is 150 gm.

[0117] [Battery 3D]

[0118] The structure of the welded portion is as shown in
FIG. 8. The thickness Y of the inner end of the welded
portion is 300 um, and the thickness X of the outer end of
the welded portion is 100 gm.

[0119] [Battery 3E]

[0120] The structure of the welded portion is as shown in
FIG. 8. The thickness Y of the inner end of the welded
portion is 300 um, and the thickness X of the outer end of
the welded portion is 75 um.

<Third Embodiment>
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[0121] [Battery 3F]

[0122] The structure of the welded portion is as shown in
FIG. 8. The thickness Y of the inner end of the welded
portion is 300 um, and the thickncss X of the outer end of
the welded portion is 50 yum.

[0123] [Battery 3G]

[0124] The structure of the welded portion is as shown in
FIG. 9. The thickness Y of the inner end of the welded
portion is 300 um, and the thickness X of the outer end of
the welded portion is 250 um.

[0125] [Battery 3H]

[0126] The structure of the welded portion is as shown in
FIG. 9. The thickness Y of the inner end of the welded
portion is 300 um, and the thickness X of the outer end of
the welded portion is 200 um.

[0127] [Battery 3I]

[0128] The structure of the welded portion is as shown in
FIG. 9. The thickness Y of the inner end of the welded
portion is 300 um, and the thickness X of the outer end of
the welded portion is 150 um.

[0129] [Battery 3J]

[0130] The structure of the welded portion is as shown in
FIG. 9. The thickness Y of the inner end of the welded
portion is 300 yum, and the thickness X of the outer end of
the welded portion is 100 wm.

[0131] [Battery 3K]

[0132] The structure of the welded portion is as shown in
FIG. 9. The thickness Y of the inner end of the welded
portion is 300 um, and the thickness X of the outer end of
the welded portion is 75 um.

[0133] [Battery 3L]

[0134] 'I'he structure of the welded portion is as shown in
FIG. 9. The thickness Y of the inner end of the welded
portion is 300 um, and the thickness X of the outer end of
the welded portion is 50 um.

[0135] [Comparative battery R3]

[0136] The same resin sheet as used in the batteries 3A to
3F in the foregoing embodiments were used. However, the
structure of the welded portion is arranged such that the
thickness Y of the inner end of the welded portion is equal
to the thickness X of the outer end of the welded portion, i.e.,
300 gem.

[0137] [Comparative battery R4]

[0138] The same resin sheet as used in the batteries 3A to
3F in the foregoing embodiments were used. However, the
structure of the welded portion is arranged such that the
thickness Y of the inner end of the welded portion is equal
to the thickness X of the outer end of the welded portion, i.e.,
250 pm.

[0139] [Comparative battery RS]

[0140] The same resin sheet as used in the batteries 3A to
3F in the foregoing embodiments were used. However, the
structure of the welded portion is arranged such that the
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thickness Y of the inner end of the welded portion is equal
to the thickness X of the outer end of the welded portion, i.e.,
200 pm.

[0141]

[0142] The same resin sheet as used in the batteries 3A to
31" in the foregoing embodiments were used. Ilowever, the
structure of the welded portion is arranged such that the
thickness Y of the inner end of the welded portion is equal
to the thickness X of the outer end of the welded portion, i.e.,
150 um.

[0143]

[0144] The same resin sheel as used in the batteries 3A Lo
3F in the foregoing embodiments were used. However, the
structure of the welded portion is arranged such that the
thickness Y of the inner end of the welded portion is equal
to the thickness X of the outer end of the welded portion, i.e.,
100 ym.

[0145]

[0146] The same resin sheet as used in the batteries 3A to
3F in the foregoing embodiments were used. However, the
structure of the welded portion is arranged such that the
thickness Y of the inner end of the welded portion is equal
to the thickness X of the outer end of the welded portion, i.e.,
75 um.

[0147]

[0148] The same resin sheet as used in the batteries 3A to
3F in the foregoing embodiments were used. However, the
structure of the welded portion is arranged such that the
thickness Y of the inner end of the welded portion is equal
to the thickness X of the outer end of the welded portion, i.e.,
50 pum.

[0149] Table 5 shows the properties of the comparative
420 mAh batteriecs R3 to R9, i.e., thickness of inner end,
occurrence of wrinkle on the side face of battery case,
breakage of aluminum layer at wrinkled area, and occur-
rence of leakage of clectrolytic solution.

[Comparative battery R6]

[Comparative battery R7]

[Comparative battery R8]

[Comparative battery R9]

TABLE 5
Wrinkled
on the
Thickness side face Aluminum Electrolytic
Comparalive ol welded ol ballery layer solulion
battery (um) case? broken? leaked?
R3 300 No No No
R4 250 Yes Yes Yes
RS 200 Yes Yes Yes
R6 150 Yes Yes Yes
R7 100 Yes Yes Yes
RS 75 Yes Yes Yes
RO 50 Yes Yes Yes

[0150] Table 6 shows the ratio of 1 CmA discharge capac-
ity of the comparative batteries R3 to R9 and the batteries 3A
to 3L of the foregoing embodiments which have been
charged at 1 CmA/4.2 V for 3 hours, and then allowed to
stand at 25° C. for one year to the initial value of 1 CmA
discharge capacity.
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TABLE 6
thickness
of outer
end of
welded  Battery Battery Battery %o
portion  capacily %o capacily %o capacily Dis-
(um)  ratio Discharge ratio Discharge ratio charge
300 R3 60.0 — — — —
250 R4 47.2  3A 83.4 3G 84.2
200 RS 45.3 3B 85.5 3H 85.1
150 R6 43.3 3C 92.2 31 92.4
100 R7 432 3D 92.3 3J 92.9
75 R8 43.1 3E 92.4 3K 92.9
50 RO 40.5  3F 93.5 3L 93.6

[0151] As can be seen in Table 5, all the comparative
batteries having a welded portion thickness of 250 um or less
showed leakage of electrolytic solution. As a result, the
batteries were observed wrinkled on the side face of battery
case and broken in the aluminum layer in the metal-lami-
nated resin sheet. It is thus thought that the entrance of water
content into the position of the electricity-generating ele-
ment through the sealed portion and the evaporation of
electrolytic solution cause a drastic deterioration of long-
term storage properties of battery. It is also thought that the
batteries having a welded portion thickness of 300 um was
not observed wrinkled but showed a deterioration of long-
term storage properties due to the entrance of water content
and evaporation of electrolytic solution.

[0152] On the other hand, the batteries 3A to 3L according
to the foregoing embodiments showed a high discharge ratio
and hence a drastic improvement in long-term, storagce
properties. This is presumably because the thickness of the
inner end of the welded portion is secured, preventing the
aluminum layer from breaking due to wrinkle on the side
face of the case. It is also thought that since the thickness of
the outer end of the welded portion is small, the contact area
of the outer end of the welded portion with the atmosphere
is reduced, making it possible to inhibit the entrance of water
content into the battery and the evaporation of electrolytic
solution.

[0153] Further, the comparison of the group of batteries
3A to 3F with the group of batteries 3G to 3L, which have
the same thickness of the outer end of welded portion as that
of the group of batteries 3A to 31" but have different shapes
of outer surface, gives suggestion that the storage properties
(discharge capacity ratio) of battery are not related to the
shapc of the outer surface of the welded portion but related
only to the contact area of the surface of the outer end of the
welded portion with the atmosphere. Accordingly, it is
thought that the shape of the outer surface of the welded
portion may be arbitrary so far as the thickness of the outer
end of the welded portion is smaller than the thickness of the
inner end of the welded portion.

[0154] The dilference between the thickness of the outer
end of the welded portion and the thickness of the inner end
of the welded portion is not specifically limited herein.
However, even more desirable storage properties can be
obtained when the difference between the thickness of the
outer end and the thickness of the inner end is 50 g#m or
more.
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[0155]

[0156] The fourth embodiment of implication of the
present invention will be described in connection with FIGS.
10 to 14.

[0157] The nonaqueous secondary electrolytic battery
according to the present embodiment comprises an ellipsoi-
dally wound electricity-generating element 30 composed of
a positive electrode plate, a separating material and a nega-
tive electrode plate received in a bag-shaped battery case 31
formed by heat-fusing a metal-laminated resin sheet together
with a nonaqueous electrolytic solution (not shown). The
external appearance of the battery case 31 which has been
sealed is shown in FIG. 10.

[0158] The electricity-generating element 30 is prepared
by winding a positive electrode plate and a negative elec-
trode plate with a polyethylene microporous membrane as a
separating material (separator) in the form of ellipsoid as
shown in FIG. 11. The reference numeral 32 indicates a
positive electrode lead terminal connected to the positive
electrode plate, and the reference numeral 33 indicates a
negative electrode lead terminal connected to the negative
electrode plate made of a metal conductor such as copper,
aluminum and nickel having a thickness of from 50 u#m to
100 gmm.

[0159] The structure of the positive electrode plate and
negative electrode plate is the same as that of the foregoing
second embodiment. The electrolytic solution thus used is a
4:6 (by volume) mixture of ethylene carbonate and diethyl
carbonate containing 1 mol/l of LiPF,. Referring to the size
of the electrode plates, the positive electrode plate has a
thickness of 180 um and a width of 51 mm, the separator has
a thickness of 25 ul and a width of 53 mm, and the negative
electrode plate has a thickness of 170 um and a width of 51
mm. Lead terminals 32 and 33 were welded to the positive
electrode plate and negative electrode plate, respectively.
The positive electrode plate, the separator and the negative
electrode plate were laminated in this order, and then ellip-
soidally wound on a rectangular polyethylene core in such
an arrangement that the long side of the rectangle is parallel
to the winding axis of the electricity-generating element 30
to prepare an electricity-generating element having a size of
53 mmx35 mmx4 mm.

[0160] On the other hand, the battery case 31 is formed by
a metal-laminated resin sheet. The resin sheet comprises a
surface protective PET film 34 having a thickness of 12 um
as the outermost layer, an aluminum foil 35 having a
thickness of 20 um as a barrier layer, and an acid-modified
polyethylene layer 36 having a thickness of 100 um as a
heat-fused layer laminated in this order as shown in FIG. 14.
The surface protective PET film 34 and the aluminum foil 35
are bonded to each other with an urethane-based adhesive.

<Fourth Embodiment>

[0161] A battery is prepared by enclosing the electricity-
generating element 30 in the battery case 31 prepared from
the resin sheet in accordance with the following procedure.

[0162] Firstly, at the first step, the opposing sides of a
rectangular resin sheet were compressed to each other under
heating in such an arrangement that the same surfaces
thereof (acid-modified polyethylene layer 36) are brought
into contact with each other so that they are fused to each
other to form a welded portion 37 (=welded portion X) as
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shown in FIG. 11. In this arrangement, the resin sheet forms
a cylindrical bag having an opening 30a at both ends thereof.

[0163] Subsequently, at the second step, the electricity-
generating element 30 is received in the battery case 31 in
such an arrangement that the winding axis of the electricity-
generating element 30 is perpendicular to the plane of the
opening 30a of the cylindrical battery case as shown in FIG.
12.

[0164] Further, at the third step, the welded portion 37
(=welded portion X) of the bag-shaped battery case parallel
to the winding axis of the electricity-generating element is
bent down to come in contact with the outer surface of the
battery case 31 as shown in FIG. 13. Subsequently, the
metal-laminated resin film 2 is heat-fused at the position
[from which the lead terminals are drawn to form a welded
portion 38 (=welded portion Y) from which the lead termi-
nals are drawn.

[0165] To the positive electrode lead terminal 32 and the
negative electrode lead terminal 33 have been previously
bonded an acid-modified polyethylene layer 39 forming an
adhesive layer with metal, outside of which layer 39 an Eval
resin (ethylene vinyl-alcohol copolymer resin produced by
KURARAY CO., L'TD.) layer 40 having a thickness of 70
um is provided as an electrolytic solution barrier layer as
shown in FIG. 14. The heat-modified polyethylene layer 36
of the resin sheet is provided in close contact with the Eval
resin layer 40. In this arrangement, a good airtightness can
be obtained.

[0166] Thus, the battery case is scaled except at the
opening opposite the opening from which the lead terminals
are drawn. The electrolytic solution is then vacuum-injected
into the battery casc through the other opening in an amount
such that the various electrodes and the separator can be
thoroughly wet and there can be present no free electrolytic
solution outside the electricity-generating element.

[0167] Subsequently, at the fourth step, the opposing
edges of the opening opposite the welded portion 38 from
which the lead terminals are drawn are heat-fused to each
other to form a welded portion 39 (=welded portion Z),
thereby completely sealing the battery case 31.

[0168] Finally, the welded portion 37 (welded portion X)
is fixed to the side face of the battery case 31 with an
adhesive or by heat fusion. In order to bond the welded
portion to the side face of the battery case, any adhesive
suitable for the material of the outermost layer of the resin
sheet may be used.

[0169] Referring to the positional relationship between the
welded portion 37 (welded portion X) and the welded
portion 38 (welded portion Y) under these circumstances,
the welded portion 37 (welded portion X) and the welded
portion 38 (welded portion Y) cross each other on the
surface of the battery case 31, and the position at which the
welded portion X and the welded portion Y cross each other
lies between the positive electrode lead terminal 32 and the
negative electrode lead terminal 33.

[0170] The nonaqueous secondary electrolytic battery of
the present embodiment thus prepared is referred to as
battery 4A, and the comparative nonaqueous secondary
electrolytic battery arranged such that the welded portion
(=welded portion X) formed by welding a rectangular sheet
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with the two opposing sides opposed to each other such that
the same surfaces thereof are brought into contact with each
other protrudes from the surface of the battery case is
referred to as battery R10. 10 samples having a nominal
capacity of 500 mAh were prepared each for the batteries 4A
and R10. These batteries were each subjected to charge-
discharge cycle test under the [ollowing conditions.

[0171] Charge: 500 mA constant current+4.1 V constant
voltage, 3 hr in total

[0172] Discharge: 500 mA constant current, terminal
voltage: 2.75 V

[0173] As a result, the battery 4A showed a discharge
capacity of 490 mAh average over 10 samples at the 100th
cycle while the battery R10 showed a discharge capacity of
465 mAh averaged over 10 samples at the 100th cycle,
demonstrating that the battery 4A of the present embodiment
showed a less capacity decrease with the number of cycles.
This is presumably because the welded portion 37 (=welded
portion X) is fixed to the surface of the battery case 31,
making the case thicker at the area where the welded portion
37 is fixed. In such an arrangement, the electricity-generat-
ing element 521 is kept pressed at the center thereof, keeping
the distance between the electrodes constant during charge-
discharge cycle and hence making it possible to minimize
the capacity drop with the number of cycles. Further, when
a plurality of the nonaqueous secondary electrolytic batteries
of the present embodiment are stacked in series with or in
parallel with each other, the welded portion 37 of the battery
case 31 gives no obstruction, thereby providing a high
energy density battery without any unnecessary space. Thus,
the nonaqueous secondary electrolytic battery of the present
embodiment is favorable for stacking.

[0174]

[0175] The present embodiment differs from the foregoing
fourth embodiment in that the end of the welded portion 37
is fixed to the other welded portion 38 (welded portion Y) or
welded portion 39 (welded portion Z) in the fifth embodi-
ment while the welded portion 37 (welded portion X) is
fixed to the surface of the battery case 31 with an adhesive
or the like in the foregoing fourth ecmbodiment. The other
structures of the present embodiment are the same as the
foregoing fourth embodiment. Therefore, duplicated
description will be omitted by using the drawings and
description of the fourth embodiment.

<Fifth Embodiment>

[0176] As batteries of the fifth embodiment there were
prepared 10 samples each for three batteries having a
nominal capacity of 500 mAbh, i.c., battcry SA having the
lead drawing end of the welded portion 37 fixed to the
welded portion 38 (welded portion Y) with an adhesive,
battery 5B having the end of the welded portion 37 opposite-
the lead drawing side fixed to the welded portion 39 (welded
portion Z) with an adhesive and battery SC having both ends
of the welded portion 37 fixed to the welded portion 38
(welded portion Y) and the welded portion 39 (welded
portion Z) with an adhesive. The comparative battery R10 of
the foregoing fourth embodiment and the foregoing batteries
5A, 5B and 5C were then subjected to charge-discharge
cycle test under the following conditions.

[0177] Charge: 500 mA constant current+4.1 V constant
voltage, 3 hr in total
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[0178] Discharge: 500 mA constant current, terminal
voltage: 2.75 V

[0179] As a result, the discharge capacity averaged over
10 samples at 100th cycle is set forth in Table 7 below.

TABLE 7

Battery Average discharge capacity
S5A 488 mAh
5B 490 mAh
5C 493 mAh
10R 462 mAh

[0180] As can be seen in Table 7, the batteries SA, 5B and
5C of the present embodiment showed a less capacity drop
with the number of cycles than the comparative battery R10.
This is presumably because the welded portion 37 (=welded
portion X) is fixed to at least one of the welded portion 38
(=welded portion Y) at the lead drawing side and the welded
portion 39 (=welded portion Z) opposite the welded portion
38 as in the foregoing fourth embodiment, causing the
welded portion X to be pressed onto the surface of the
battery case 31 and making the case 31 thicker at the area
where the welded portion 37 is fixed. In this arrangement,
the electricity-generating element 30 is kept pressed at the
center thereof, keeping the distance between the electrodes
constant during charge-discharge cycle. Further, when a
plurality of the batteries SA, 5B and 5C of the present
embodiment are stacked in series with or in parallel with
cach other, the welded portion 37 of the battery case 31 gives
no obstruction, thereby providing a high energy density
battery without any, unnecessary space. Thus, these batteries
are favorable for stacking.

[0181]

<Sixth Embodiment>

[0182] The present embodiment differs from the foregoing
fourth embodiment in that a fixing tape is wound on the
electricity-generating element 30 of the fourth embodiment.
The other structures of the present embodiment are the same
as that of the fourth embodiment. Like reference numerals
are used for like parts to omit duplicated description.

[0183] The foregoing fixing tape 40 is wound on the
electricity-generating element 30 along the winding axis 41
by one ore more turns as shown in FIG. 15. Thus, the fixing
tape 40 passes between the two lead terminals 32 and 33 on
the end face of the electricity-generating element 30 at the
lead drawing side thereof. When the electricity-generating
element 30 is received and enclosed in the battery case 31,
the welded portion 37 of the battery case 31 along the
winding axis overlaps the fixing tape 40. The welded portion
37 is brought into close contact with and bonded to the
surface of the battery case 31 with an adhesive. However, the
two parts may be connected to each other by heat tusion.
Alternatively, the welded portion 37 may be bonded or
welded to the welded portion 38 and/or welded portion 39.

[0184] The batiery 6A of the sixth embodiment and the
comparative battery R11, in which the welded portion 37
falls out of the position of the fixing tape 40, were subjected
to charge discharge cycle test under the following condi-
tions. The discharge capacity averaged 10 samples was
measured at 100th cycle. As a result, the battery 6A of the
present embodiment showed 496 mAh and the comparative
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battery R11 showed 465 mAh. It was thus confirmed that the
battery 6A of the present embodiment shows a small capac-
ity drop with the number of cycles.

[0185] Charge: 500 mA constant current+4.1 V constant
voltage, 3 hr in total

[0186] Discharge: 500 mA constant current, terminal
voltage: 2.75 V

[0187] Thus, the nonaqueous secondary electrolytic bat-
tery of the present embodiment is arranged such that the
welded portion 37 parallel to the winding axis 41 of the
electricity-generating element 30 overlaps the fixing tape 40,
keeping the electricity-generating element 30 pressed at the
overlapping area and hence keeping the distance between
the electrodes during charge cycle. Thus, the capacity drop
with the number of cycles can be minimized.

[0188]

[0189] The seventh embodiment of implication of the
present invention will be described in connection with
FIGS. 18 and 19.

[0190] The battery 50 of the present embodiment com-
prises a battery case 51, an electricity-generating element 52
and a lead terminal 53. The battery 50 is received in an outer
box K.

[0191] The battery case 51 is formed by a laminated resin
sheet comprising a surface protective layer 54 made of an
insulating resin, a barricr laycr 55 made of a mctal, and a
fused layer 56 made of an insulating resin. The battery case
51 is prepared by heat-fusing the periphery of the film. The
thickness of the layers 54, 55 and 56 are, for example, 12
um, 9 yum and 100 pm, respectively. The layers 54, 55 and
56 are made of PET, aluminum and acid-modified polyeth-
ylene, respectively-.

[0192] The electricity-generating element 52 is prepared
by spirally winding a laminate of a positive electrode plate
having a positive electrode compound containing an active
positive clectrode matcrial applied to a collector, a scparat-
ing material as a separator and a negative electrode plate
having a negative electrode compound containing an active
negative electrode material applied to a collector. The elec-
tricity-generating element 51 is received in the battery case
into which an electrolytic solution is then injected. As the
collector for positive electrode plate there was used an
aluminum foil. As the active maierial there was used a
lithium-cobalt composite oxide. As the collector for negative
electrode plate there was used a copper foil. As the host
material there was used graphite. As the separator there was
used a polyethylene microporous membrane. As the elec-
trolytic solution there was used a 4:6 (by volume) mixture of
ethylene carbonate and methyl ethyl carbonate containing 1
mol/l of LiPF,.

[0193] The lead terminal 53 is flat. The lead terminal 53 is
connected to the positive electrode plate and negative elec-
trode plate and is exposed (o the exterior of the battery case
51 between the resin sheets at the welded portion 57 of the
battery case 51. The area at which the lead terminal 53
crosses the end face of the resin is covered by a tube 58 made
of an insulating resin such as acid-modified polyethylene
having a thickness of 100 gm. In this arrangement, the
battery case 51 can be kept airtight. At the same time, the

<Seventh Embodiment>
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lead terminal 53 and the barrier layer 55 of the battery case
51 can be prevented from coming in contact with each other
to cause shortcircuiting.

[0194] The lcad terminal 53 is bent outside the battery
case 51 and connected to a protective circuit P provided
inside the outer box K. The lead terminal 53 is bent using a
jig in such a manner that the radius of curvature falls within
the range of from 0.5 mm to 4 mm. Accordingly, the lead
terminal 53 cannot break. Nevertheless, the entire size of the
battery 50 can be reduced. In this arrangement, the battery
50 can be received in the outer box K having a smaller size
than ever. As a result, electronic apparatus can be further
miniaturized. The lead terminal 53 preferably has a width of
from 2 mm to 7 mm and a thickness of from 0.05 mm to 2.0
mm. The material suitable for the lead terminal 53 is
aluminum, nickel or copper.

[0195] The preparation of the battery 50 of the present
embodiment is carried out in the same manner as the
conventional preparation process except that the lead termi-
nal 53 is finally bent.

[0196] The lcad terminal 53 was preparcd unbent, and
then examined for how many times it can be bent using the
jig until it breaks. As the jigs there were prepared those
having a radius of 0.2 mm, 0.3 mm, 0.4 mm, 0.5 mm and 1.0
mm. Thus, comparative batteries R12, R13 and R14 and
batteries 8A and 8B of the present embodiment were pre-
pared. Referring to the size of the lead terminal 53, the lead
terminal 53 has a width of 3 mm and a thickness of 0.1 mm.
Referring to the material of the lead terminal 53, aluminum
was used for positive electrode and nickel was used for
negative electrode. The results are set forth in Table 8.

TABLE 8
Number of bending cycles

Radius of to break

curvature Positive Negative
Battery (mm) electrode electrode
R12 0.2 1 1
R13 0.3 12 34
R14 0.4 2-4 5-7
8A 0.5 10-13 30-40
8B 1.0 25-37 50 or more

[0197] As can be seen in lable 8, there was confirmed a
remarkable difference between the batteries having a lead
terminal bent at a radius of 0.4 mm or less and the batteries
having a lead terminal bent at a radius of 0.5 mm or more.
It was thus made obvious that the batteries 8Aa and 8B
having thc lcad terminal 53 bent at a radius of 0.5 mm or
more are little liable to breakage of lead terminal 53.

[0198] Accordingly, in order to bend the lead terminal 53,
the lead terminal 53 is preferably bent at an angle of 180
degrees with a jig having a radius of from 0.5 mm to 4 mm
in contact with the position to be bent.

[0199] 20 samples each for the battery 8A having the lead
terminal 53 bent at a radius of 0.5 mm and the battery 8B
having the lead terminal 53 bent at a radius of 1.0 mm were
prepared. Subsequently, these samples were each received in
the outer box K. The lead terminal 53 was then connected to
the protective circuit P. The battery 50 was fixed to the inner
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wall of the outer box K with a double-sided adhesive tape.
Vibration (amplitude: 4 mm; frequency: 1,000 cpm) was
then applied to the battery for 1 hour each in the longitudinal
direction, in the crosswise direction and in the vertical
direction. Thereafter, the lead terminal 53 was examined for
breakage. 20 samples each for comparative batteries R12 to
R14 having a lead terminal bent at a radius of 0.2 mm, 0.3
mm and 0.4 mm, respectively, were prepared and similarly
examined. The results are set forth in Table 9. The other
conditions of lead terminal 53 are the same as that of the
batteries 8A and 8B.

TABLE 9
Battery Number of batteries showing breakage
R12 20
R13 18
R14 5
8A 0
8B 0

[0200] As can be seen in the table above, none of the
samples of the batteries 8 A and 8B of the present embodi-
ment showed breakage of lead while all the samples of the
comparative batteries showed breakage of lead. It was thus
confirmed that the batteries 8A and 8B of the present
embodiment undergo no breakage of lead terminal even
under the application of vibration.

[0201]

[0202] The front view of a battery according to the eighth
embodiment of implication of the present invention is shown
in FIG. 20.

[0203] The battery 60 according to the present embodi-
ment of implication of the present invention is the same as
the battery 50 of the foregoing seventh embodiment except
that the lead terminal 62 is covered by a tube 63 up to the
bent portion. The tube 63 covers the bent portion of the lead
terminal 62. In this arrangement, the shortcircuiting of the
lead terminal 62 with the barrier layer of the battery case 61
can be prevented.

[0204] The arrangement of the tube 63 can keep the
battery airtight similarly to the first embodiment.

[0205] Referring to the material of the tube 63, the tube 63
is preferably made of the same material as the fused layer of
the battery case 61 because it is interposed between the fused
layer of the battery case 61 and the lead terminal 62. Even
when the tube 63 can be provided only at the bent portion of
the lead terminal 62, the lead terminal 62 can be prevented
from breaking. In this case, it is not necessary that the tube
63 be made of the same material as the fused layer. In order
to bend the lead terminal 62, the lead terminal 62 is
preferably bent using a jig at a radius of from 0.5 mm to 4
mm. However, a proper jig must be selected taking into
account the thickness of the tube 63. For example, when the
thickness of the tube 63 is 100 um, a jig having a radius of
from 0.4 mm to 3.9 mm is preferably selected.

[0206] In the present embodiment, the battery 60 shown in
FIG. 20 was examined for shortcircuiting during prepara-
tion. Using a jig having a radius of 0.4 mm, 1,000 samples
of the battery 60 were tested. The tube 63 was made of an
acid-modified polyethylene and had a thickness of 100 gm.

<Eighth Embodiment>
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The other conditions are the same as that shown in the
seventh embodiment. As a comparative example, a battery
having a lead terminal bent at a radius of 0.5 mm prepared
in the same manner as the battery 60 of the eighth embodi-
ment except that the lead terminal 62 was not covered by the
tube 63 was similarly tested.

[0207] As a result, ten out of 1,000 samples of the com-
parative battery showed shortcircuiting of lead with barrier
layer. On the other hand, none of 1,000 samples of the
battery having the lead terminal covered by the tube 63
showed shorteircuiting. It was thus confirmed that the cov-
erage of the lead terminal 62 by the tube 63 makes it possible
to minimize shortcircuiting during the trial manufacture of
batteries.

[0208]

[0209] A battery according to the night embodiment of
implication of the present invention will be described in
connection with FIG. 21.

[0210] In the battery 70 of the present embodiment, the
welded portion 72 of the battery case 71 is longer than that
of the battery 50 of the seventh embodiment and extends to
the bent portion of the lead 73. The other conditions are the
same as that of the battery 50 of the seventh embodiment.
Accordingly, the bent portion of the lead 73 comes in close
contact with the resin sheet constituting the battery case 71,
increasing the resistance of the lead 73 against bending load
and hence making it more difficult for the lead 73 to break.
In order to bend the lead 73, the thickness of the resin sheet
must be taken into account of as in the eighth embodiment.
Care must be taken not only to prevent the lead from
breaking but also to prevent the resin sheet from breaking or
wrinkling.

[0211] In the present embodiment, the following test was
conducted. Two samples of the battery 70 having a lead 73
provided unbent were prepared. Subsequently, the lead 73 of
one of the two samples was bent using a jig having a radius
of 0.3 mm, and the lead 73 of the other was bent using a jig
having a radius of 0.4 mm. These batteries were each
observed for bent portion under microscope. The thickness
of the resin sheet was 100 um.

<Ninth Embodiment>

[0212] As a result, none of these samples showed break-
age of lead 73. However, the battery having the lead 73 bent
using the jig having a radius of 0.3 mm was observed broken
in the laminate film outside the bent portion and wrinkled in
the laminate film inside the bent portion. It is thus preferred
that a jig having a radius of 0.4 mm or more be used to bend
the lead 73 of the battery 21 of the present embodiment at
a radius of 0.5 mm or more.

[0213]

[0214] The battery according to the tenth embodiment of
implication of the present invention has the same structure
as the foregoing fourth embodiment and comprises an
ellipsoidally wound electricity-generating element 30
received in a bag-shaped batlery case 31 [ormed by heat-
fusing a metal-laminated resin sheet together with a non-
aqueous electrolytic solution (not shown) as shown in FIGS.
10 to 14. Drawn from the electricity-generating element 30
are flat stripped lead terminals 32 and 33 which are directly
connected to the edge of the positive electrode plate and
negative electrode plate, respectively, by ultrasonic welding

<Tenth Embodiment>
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or caulking. The lead terminals 32 and 33 are linearly drawn
out of the battery case 31 through the welded portion 38. The
term “linearly” as used herein is meant to indicate that the
flat stripped collector lead has no bent and curved portion
but forms a straight line in the longitudinal direction.

[0215] 1In the present embodiment, the battery was her-
metically sealed in a chamber which had been evacuated to
a pressure lower than ordinary atmospheric pressure (760
mmHg). Thus, five batteries 10A to 10E were prepared at a
pressure of 720 mmHg, 700 mmHg, 600 mmHg, 300 mmHg
and 170 mmHg, respectively. As a comparative battery R15,
a battery was tentatively manufactured comprising as a
positive electrode lead terminal an aluminum lead having a
nickel lead ultrasonically welded thereto which is directly
connected to the collector of the positive electrode plate. The
structure of the comparative battery R15 except that of the
positive electrode lead is the same as that of the battery 10A
of the present embodiment.

[0216] 50 samples each for the batteries 10A to 10E of the
present embodiment and the comparative battery R15 were
subjected to the following test. In some detail, these batteries
were subjected to charging at 1 CmA (500 mA)/4.1V for 3
hours and vibration test involving vibration having an ampli-
tude of 0.8 mm and a frequency of 10 Hz, 100 Hz, 10 Hz,
300 Hz and 10 Hz sweeping in this order at a rate of 1
Hz/min in the three intersecting directions X, Y and Z. The
temperature of the surface of the battery and the open circuit
voltage (hereinafller referred to as “OCV™) during the vibra-
tion test were then measured. OCV and the internal resis-
tance of the batteries which had been tested were then
measured. The results are set forth in Table 10.
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[0219] Similarly, the samples of the comparative battery
R15 which had shown fuming were disassembled. The
electricity-generating element 30 of these disassembled
samples were then observed. As a result, the following facts
were recognized. In some detail, the positive electrode lead
terminal 32 was observed broken at the area (ultrasonically
welded portion) where the nickel lead disposed outside the
battery case 30 and the aluminum lead connected to the
positive electrode plate are connected to each other, and the
nickel lead was observed partly piercing the end face of the
electricity-generating element. It is presumed that shortcir-
cuiting had occurred at the pierced portion, causing rapid
temperature rise and fuming.

[0220] Subsequently, 50 samples of the batteries 10A to
10E of the present embodiment and the comparative battery
R15 were subjected to the following test. In some detail,
these batteries were each subjected to charging at 1 CmA
(500 mA)/4.2V for 3 hours, and then allowed to stand at a
temperature of 60° C. for 30 days. The internal resistance
and discharge capacity of thesc battcrics averaged over 50
samples before and after storage are set forth in Table 11.

TABLE 11
Discharge Internal Discharge Internal
capacity resistance capacity resistance
before before after after
storage storage storage storage
Battery (mAh) (mR) (mAh) (mQ)
10A 521 45 468 70
10B 522 43 473 63
10C 522 42 473 57
10D 524 43 475 56
10E 524 40 479 57
10R 522 45 420 121

TABLE 10
Number of Number of
batleries batleries
Number of  Number of showing showing

ruptured/ batteries leakage of change of

ignited showing electrolytic OCV/surface

Battery batteries fuming solution temperature
10A 0 0 2 5
10B 0 o] 0 2
10C 0 o] 0 0
10D 0 o] 0 0
10E 0 o] 0 0
15R 0 3 6 23

[0217] As a result of the foregoing vibration test, the
batteries 10A to 10E according to the embodiment of the
invention showed no abnormalities such as ignition and
fuming while some samples of the comparative battery R15
showed fuming and leakage of electrolytic solution.

[0218] The samples of the battery 10A which had shown
change of OCV or surface temperature of battery were
disassembled. The electricity-generating element 30 of these
samples were then visually observed. The following facts
were made obvious. In some detail, the positive electrode
lead terminal 32 was observed deformed or buckled to form
folded portion. It was also confirmed that holes having a
diameter of about 0.5 mm provably developed by the
melting of the folded portion had been formed. It is pre-
sumed that those holes had been formed by the contact of the
buckled positive electrode lead terminal 32 with the edge of
the negative electrode plate during the vibration test.

[0221] For the measurement of discharge capacity, the
batteries were each charged at 1 CmA (500 mA), 4.2 V and
25° C. for 3 hours, and then discharged at 1 CmA to 2.75 V.
The internal resistance was measured with a 1 kHz ac.

[0222] The comparison of the rise in the internal resistance
measured after 60C-30 day storage test from that measured
before the storage test shows that the batteries 10A to 10E
showed an internal resistance rise of from 13 m€ to 25 mQ
while the comparative battery R15 showed an internal
resistance rise of 76 m€.

[0223] The battery 10E of the present embodiment and the
comparative battery R15 which had been allowed to stand
was disassembled. The electricity-generating element 30 of
the battery was then visually observed. As a result, the
following facts were recognized. In other words, the battery
10E of the present embodiment showed no change of the
external appearance of the positive electrode lead terminal
32 while the positive electrode lead terminal of the com-
parative battery R15 was observed corroded at the position
where aluminum and nickel are connected to each other.
This is presumably one of the causes of the increase of the
rise in internal resistance.

[0224] Thus, the batteries 10A to 10E of the present
embodiment can be assured safety in the use under vibration
and can be prevented from decreasing in the discharge
capacity or increasing in the internal resistance during use at
high temperatures. Further, since the inner pressure of the
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batteries 10A to 10E falls below the atmospheric pressure
(preferably 600 mmHg or less), the resulting difference
between the atmospheric pressure and the inner pressure of
the batteries causes the electricity-generating element to be
pressed. In this arrangement, the distance between the
electrodes in the electricity-generating element can be kept
constlant, making it possible (o provide a batlery having good
charge-discharge properties.

[0225]

[0226] The eleventh embodiment of implication of the
present invention will be described in connection with FIGS.
22 1o 25. The nonaqueous secondary electrolytic batlery
according to the present embodiment comprises an ellipsoi-
dally wound electricity-generating element 80 having a
positive electrode plate, a separating material and a negative
electrode plate received in a bag-shaped battery case 81
made of a resin sheet together with a nonaqueous electro-
lytic solution (not shown) in such an arrangement that the
winding axis of the electricity-generating element 80 is
perpendicular to the plane of the opening of the baltlery case
81. The external appearance of this nonaqueous secondary
electrolytic battery is shown in FIG. 1.

<Eleventh Embodiment>

[0227] As the active positive electrode material there was
used a lithium-cobalt composite oxide. A positive electrode
plate 82 comprises the foregoing lithium-cobalt composite
oxide retained as an active material layer 84 on both surfaces
of a collector 83. The collector 83 is an aluminum foil
having a thickness of 20 um. The positive electrode plate 82
was prepared by a process which comprises mixing 8 parts
of a polyvinylidene fluoride as a binder and 5 parts of
acetylene black as an electrically-conducting agent with 87
parts of the active material, properly adding N-methylpyr-
rolidone to the mixture, pasting the mixture to prepare a
positive electrode compound, applying the positive elec-
trode compound to both surfaces of the collector 83, and
then drying the coated material. In this case, the collector 83
has an exposed area free of positive electrode compound
formed at the end thereof. The positive electrode plate 82 has
a thickness of 180 um and a width W of 49 mm. A positive
electrode lead terminal 86 was welded to the exposed area
of the collector. An adhesive insulating polyimide tape 87
was then stuck to the positive electrode plate 82 at a position
remote from the lead terminal 86. The insulating tape 87 has
a width W of 55 mm and a length of 25 mm. The width over
which an adhesive is applied is 35 mm. The adhesive is not
present on a 10 mm margin at the two longitudinal ends of
the insulating tape. Accordingly, there is given a relationship
W,<W<W, as shown in FIG. 23.

[0228] On the other hand, the negative electrode plate 90
was similarly prepared by a process which comprises mixing
92 parts of graphite as an active negative electrode material
and 8 parts of a polyvinyl fluoride as a binder, properly
adding N-methylpyrrolidone to the mixture, pasting the
mixture to prepare a negative electrode compound, applying
the negative electrode compound to both surfaces of a
collector, and then drying the coated material. As a collector
92 for the negative clectrode plate 90 there was used a
copper foil having a thickness of 14 um. The negative
electrode plate 90 has a thickness of 170 #m and a width of
51 mm. The negative electrode plate 90, too, has the
collector free of negative electrode compound and exposed
at the end thereof. A negative electrode lead terminal 92 was
welded to the exposed area on the collector. An adhesive
insulating polyimide tape 87 was then stuck to the negative
electrode plate 90 at a position remote from the lead terminal
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86 similarly to the positive electrode plate. The separating
material (separator) 95 is a polyethylene microporous mem-
brane having a thickness of 25 gm and a width of 53 mm.

[0229] A laminate of the positive electrode plate 82, the
negaltive electrode plate 90 and the separator 95 in this order
was then ellipsoidally wound on a rectangular core in such
an arrangement that the long side of the rectangle is parallel
to the winding axis of the electricity-generating element 80
to form an electricity-generating clement 80. FIG. 25 illus-
trates a section of the core of the electricity-generating
element 80. The insulating tape 87 for negative electrode
plate 90 lies on the exposed area of the collector 82 of the
positive electrode plate 82, and the insulating tape 87 [or
positive electrode plate 82 lies on the exposed area of the
collector of the negative electrode plate 90.

[0230] A fixing tape made of polyethylene (having an
adhesive coated on one surface thereof) was stuck to the
electricity-generating element 80 thus formed at the insu-
lated portion of the electrode along the side wall of the
electricity-generating element parallel to the winding axis to
a length corresponding to the width of the electrodes (length
of the electricity-generating element parallel to the winding
axis of the electricity-generating element) to fix the winding
of the electricity-generating element.

[0231] The electricity-gencrating element 80 was then
received in a battery case 81 formed by a metal-laminated
resin sheet in such an arrangement that the winding axis of
the electricity-generating element 80 is perpendicular to the
plane of the opening of the battery case 81. The battery case
81 was then sealed at this opening with the lead terminals 86
and 92 fixed thereto. An electrolytic solution was then
vacuum-injected into the battery case 81 in an amount such
that the various electrodes and the separating material can be
thoroughly wet and there can be present no free electrolytic
solution outside the electricity-generating element. The elec-
trolytic solution used is a 4:6 (by volume) mixture of
cthylene carbonate and diethyl carbonate containing 1 mol/l
of LiPF,. Finally, the battery case 81 was sealed and welded
to prepare a battery 11A having a nominal capacity of 500
mAbh according to the present embodiment on a trial basis.

[0232] Subsequently, for comparison, a comparative bat-
tery R16 comprising the insulating tape 87 used in the
preparation of the battery 11 A having an adhesive applied to
the entire surface thereof (W=W,) and a comparative battery
R17 having the same structure as R16 except that the width
of the insulating tape having an adhesive applied to the
entire surface thereof is the same as the width of the
electrodes (W,=W=W,) were prepared.

[0233] The number of defectives of the battery 11 A of the
present embodiment and the comparative batteries R16 and
R17 developed during winding are set forth in 'lable 12.

TABLE 12

Number of defectives

Battery number developed at winding

11A 0/50 samples
R16 50/50 samples
R17 0/50 samples

[0234] The comparative battery R16 had the insulating
tape exposed at the adhesive-coated area thereof and thus
caused the adhesive to be attached to undesired areas during
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winding. The resulting malwinding made it impossible to
prepare good battery products on a trial basis.

[0235] The battery 11 A according to the present embodi-
ment and the comparative battery R16 were then subjected
to the following test. 200 samples of these batteries were
prepared. These samples were each charged with a constant
current of 500 mA to 4.1 V and then charged at a constant
voltage (for 5 hours in total). Thereafter, Test 1 was carried
out by hammering 10 out of the 20 samples at the end face
thereof until shortcircuiting occurred. The other 10 samples
were pressed at a pressure of 200 kg under a flat press to
conduct Test 2.

[0236] TFor Test 1, the highest temperature of the surface of
the battery after shortcircuiting is set forth in Table 13. For
Test 2, the presence or absence of shortcircuiting after 1
minute of pressing is set forth in Table 13. In Table 13, the

symbol X indicates that the battery shows vigorous fuming
during test.

TABLE 13
Test 1 Test 2
Battery 11A R17 11A R17
1 62° C. 69° C. No abnormality Shortcircuiting
2 62° C. »200° C.X No abnormality Shortcircuiting
3 62° C.  >200° C. X% No abnormality Shortcircuiting
4 62° C. >200° C. % No abnormality Shortcircuiting
5 62° C. 98° C. No abnormality No abnormality
6 62° C. »200° C. % No abnormality Shortcircuiting
7 62° C. »200° C. X No abnormality Shortcircuiting
8 62° C. 86° C. No abnormality Shortcircuiting
9 62° C. »200° C. X No abnormality No abnormality
10 62° C. 63° C. No abnormality Shortcircuiting
[0237] The battery 1la of the present embodiment was

confirmed excellent in shortcircuiting resistance and safety
during shortcircuiting in any of these tests as compared with
the comparative battery R17.

[0238]

[0239] The twelfth embodiment of implication of the
present invention will be described in connection with FIGS.
26 to 28.

<Twelfth Embodiment>

[0240] A front view of a battery prepared according to the
preparation process of the present embodiment is shown in
Fig. 26.

[0241] The positive electrode plate comprises a lithium-
cobalt composite oxide retained as an active material on a
collector. I'he collector is an aluminum foil having a thick-
ness of 20 ym. The positive electrode plate was prepared by
a process which comprises mixing 8 parts of a polyvi-
nylidene fluoride as a binder and 5 parts of acetylene black
as an electrically-conducting agent with 87 parts of the
active matcrial, properly adding N-mcthylpyrrolidone to the
mixture, pasting the mixture to prepare a positive electrode
compound, applying the positive electrode compound to
both surfaces of the collector material, and then drying the
coated material.

[0242] As the collector for negative electrode plate there
was used a copper foil having a thickness of 14 g#m. The
negative electrode plate was prepared by a process which
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comprises mixing 92 parts of graphite as a host material and
8 parts of a polyvinylidene fluoride as a binder, properly
adding N-methylpyrrolidone to the mixture, pasting the
mixture to prepare a negative electrode compound, applying
the negative electrode compound to both surfaces of the
collector, and then drying the coated material.

[0243] The separator is a polyethylene microporous mem-
brane. The electrolytic solution is a 1:1 (by volume) mixture
of ethylene carbonate and diethyl carbonate containing 1
mol/1 of LiPF,.

[0244] Referring to the size of the various parts, the
positive electrode plate has a thickness of 180 um and a
width of 49 mm, the separator has a thickness of 25 um and
a width of 53 mm, and the negative electrode plate has a
thickness of 170 um and a width of 51 mm. A laminate of
these parts in this order is ellipsoidally wound on a rectan-
gular polyethylene core to form an electricity-generating
clecment.

[0245] The resin sheet constituting a battery case 100 is
made of a laminate film comprising a surface-protective
PET layer 101 having a thickness of 12 um as the outermost
layer, an aluminum foil 102 having a thickness of 9 um
bonded as a barrier layer to the lower surface of the PET
layer 101 with an urethane-based adhesive and an acid-
modified polyethylene layer 103 having a thickness of 100
um provided under the aluminum [oil 102 as shown in a
section view of FIG. 27. As the acid-modified polyethylene
layer to be used as a heat-fused layer there was used one
having a softening point of 100° C.

[0246] The lead terminal 104 comprises a metal conductor
104 such as copper, aluminum and nickel having a thickness
of from 50 um to 100 um, an acid-modified PE layer 105
having a thickness of 50 gm bonded to the metal conductor
104 as a layer for bonding to metal, and an Eval resin
(ethylene-vinyl alcohol copolymer resin produced by
KURARAY CO., LTD.) layer 106 provided outside the layer
105 as an electrolytic solution barrier layer as shown in FIG.
27. The lamination of these parts as shown in the drawing
can provide a good airtightness. The lead terminal 104 is
connected to the electrode plate inside the electricity-gen-
erating element 107 and protrudes from the axial end of the
electricity-generating element 107. As the material of the
positive electrode plate there was used aluminum. As the
material of the negative electrode plate there was used
nickel.

[0247] A foam-preventive material 110 is provided on the
end of the electricity-generating element 107 opposite the
lead drawing portion. The foam-preventive material 110 is
an unwoven cloth of long fiber made of polypropylene
(produced by ASAHI CHEMICAL INDUSTRY CO., LTD.)
and has a thickness of 0.23 mm, a tear strength of 0.40 kg
both in the longitudinal and crosswise directions and a
weight of 22 g/m”. The foam-preventive material 110 is
fixed to the end of the electricity-generating element 107
opposite the lead terminal 3 with an adhesive so as to cover
entirely the end. The [oam-preventive material 110 may be
merely brought into the end of the electricity-generating
element 107. However, when the foam-preventive material
110 is fixed to the electricity-generating element 107 with an
adhesive in this battery, the electrolytic solution can be
prevented from leaking out of the battery case even if the
battery case 100 has not been completely sealed. In this
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battery, the lead terminal 104 and the foam-preventive
material 110 are provided on the opposite sides across the
electricity-generating element 107. However, the two parts
may be provided on the same side.

[0248] This battery was prepared by a process as shown in
FIG. 28.
[0249] Firstly, the electricity-generating element 107 was

fixed in such an arrangement that the lead terminal 3 facing
downward (step a). The foam-preventive material 110 was
disposed covering entirely the other end of the electricity-
generating element 107, and then fixed thereto with an
adhesive. Subsequently, these parts were wrapped by a
laminated resin sheet constituting the battery case 100 in
such an arrangement that only the lead terminal 104 was
exposed. The edge of the resin sheet was then heat-fused to
seal the opening (step c). However, the battery case 100 had
an opening 111 left on the foam-preventive material 110 side
thercof. Subscquently, the clectrolytic solution was injccted
onto the foam-preventive material 110 through the opening
111 (step d). Then, the electrolytic solution was absorbed by
the foam-preventive material 110, and then penetrates into
the separator disposed between the positive electrode plate
and the negative electrode plate. Then, the air was removed
from the interior of the battery case 2 by a vacuum pump
(step ¢). Finally, the opening 111 was heat-fused to seal the
battery case. Thus, a battery 1 having a designed capacity of
500 mAh was obtained (step f).

[0250] Inthe present embodiment, the electrolytic solution
is injected into the battery case through the foam-preventive
material 110, preventing the electrolytic solution from hit-
ting and bouncing off the electricity-generating element 107
and hence preventing the electricity-generating clement
from being attached to the inner area of the battery case 100
close to the opening 111. Further, even if bubbles burst in the
electrolytic solution during the evacuation of the battery
case 100, no spray can be scattered out of the electricity-
generating element 107 because the upper end of the elec-
tricity-gencrating clement 107 is coverced by the foam-
preventive material 110. Moreover, since the battery case
100 has been sealed on the lead terminal 104 side thercof
prior to injection of the electrolytic solution, the battery
prepared according to the present embodiment exhibits an
excellent airtightness.

[0251] Batteries according to the preparation process of
the present embodiment were subjected to the following test.

[0252] Firstly, 10 samples of a battery 12A according to
the present embodiment were prepared. As a comparative
example, 10 samples of a battery R18 prepared in the same
manner as in the present embodiment except that the elec-
trolytic solution was injected into the battery case at the
collector lead side thereof without using the foam-preven-
tive material 110 were prepared. Subsequently, these batter-
ies were each charged with a constant current of 500 mA and
charged at a constant voltage of 4.10 V (3 hours in total), and
then discharged with a constant current of 500 mA to 2.75
V. These batteries were cach then measured [or capacity
(capacity before test). These batteries were each stored at a
temperature of 60° C. and 90% RH for 30 days, and then
discharged under the same conditions as mentioned above.
These batteries were each then measured for capacity
(residual capacity). Further, these batteries were each again
charged and discharged under the same conditions as men-
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tioned above. These batteries were each then measured for
capacity (recovered capacity). Moreover, these batteries
were each observed to see if aluminum in the laminated film
had been corroded and if the electrolytic solution had been
leaked out of the battery case.

[0253] The results are set forth in Table 14. In this table,
the symbol * indicates that the battery was observed cor-
roded on aluminum. The symbol ** indicates that the battery
was observed to have the electrolytic solution leaked out of
the battery case in addition to corrosion of aluminum. The
value of residual capacity and recovered capacity are rep-
resented by the percentage (%) based on the capacity before
test.

TABLE 14
Present embodiment Comparative
(Battery 12A) example

Capacity Residual Recovered Capacity

before test capacity capacity before test
mAh % To T mAh %o
558.3 100 65.7 77.6 *540.5 100
541.7 100 66.2 78.5 **525.0 100
550.7 100 65.2 77.3 **530.0 100
566.7 100 66.2 77.9 *538.2 100
541.7 100 64.6 76.9 **536.3 100
550.0 100 63.6 75.8 **518.0 100
541.7 100 64.6 76.9 **523.1 100
550.0 100 65.2 77.3 **531.7 100
550.0 100 66.7 78.8 **550.1 100
550.0 100 63.6 75.8 **541.3 100

[0254] As can be seen in Table 14, the comparative battery
R18 tends to show less residual capacity and recovered
capacity than the battery 12A of the present embodiment.
This is because the comparative battery R18 underwent
electrolysis reaction caused by water content in the air which
had externally entered into the battery case. All the samples
of the comparative battery R18 were observed corroded on
aluminum. 8 out of the corroded samples were observed to
have the electrolytic solution leaked out of the battery case
from the collector lead. This defect, too, can be attributed to
the air which had externally entered into the battery case.

[0255] On the other hand, the battery 12A of the present
embodiment was observed showing neither electrolyte leak-
age nor aluminum corrosion. It was thus madc obvious that
the battery 12A prepared according to the present embodi-
ment exhibits a better airtightness than the conventional
batteries.

[0256] Further, the battery prepared according to the
present invention is not liable to the drop of battery capacity,
the leakage of electrolytic solution and the corrosion of
metal even if the electrolytic solution used is a nonaqueous
electrolytic solution containing a lithium salt. Moreover, in
accordance with the preparation process of the invention, the
injection of electrolytic solution and the evacuation of the
battery case don’t need to be carried out slowly and care-
fully, making it possible to efficiently prepare the battery.
Further, by previously fixing a foam-preventive material to
the electricity-generating element on the side thereof oppo-
site the collector lead drawing side, the attachment of the
electrolytic solution to the lead during handling at various
steps or the injection of the electrolytic solution and the
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deviation in position during the evacuation can be pre-
vented, making it possible to minimize the percent defective.

[0257] The foam-preventive material 110 is preferably
fixed to the electricity-generating element 107 on the plane
thereof opposite the plane from which the lead terminal 104
is drawn. The term “plane opposite the plane from which the
collector lead of the electricity-generating element is drawn”
as used herein is meant to indicate the plane perpendicular
to the winding axis from which the lead is not drawn in the
case of ellipsoidally wound electricity-generating element or
the plane having no lead drawn therefrom opposite the plane
from which the lead is drawn in the case of nearly rectan-
gular electricity-generating element comprising flat elec-
trode plates laminated on each other with a separating
material interposed therebetween.

[0258] In the present embodiment, an unwoven polypro-
pylene cloth was used as a foam-preventive material. Foam-
preventive materials having the similar cffect arce not limited
to unwoven polypropylene cloth. Examples of these mate-
rials include net, unwoven cloth, felt and porous material
made of a polyolefin such as polypropylene and polyethyl-
ene.

1. A nonaqueous secondary electrolytic battery compris-
ing the following elements:

an electricity-generating element comprising a positive
electrode plate and a negative electrode plate provided
opposed to each other with a separating material inter-
posed therebetween, and lead terminals electrically
connected to said electrode plates, respectively, i.e.,
positive electrode lead terminal and negalive electrode
lead terminal; and

a battery case made of a resin sheet which is open in one
or two directions prior to sealing and is sealed by
welding the openings with said electricity-generating
clement received therein and said lead terminals
inserted in one of said openings.

(The foregoing resin sheet comprises an oriented resin
layer provided on both surfaces of a metal layer.)
2. A nonaqueous secondary electrolytic battery compris-
ing the following elements:

an electricity-generating element comprising a positive
electrode plate and a negative electrode plate provided
opposed to each other with a separating material inter-
posed therebetween, and lead terminals electrically
connected to said electrode plates, respectively, i.e.,
positive electrode lead terminal and negative electrode
lead terminal; and

a battery case made of a resin sheet which is open in one
or two directions prior to sealing and is sealed by
welding the openings with said electricity-generaling
element reccived therein and said lead terminals
inserted in one of said openings.

(A molten and solidified resin mass is formed protruding
from the inner end of the welded portion of the imposed
edges of the opening toward the inner space of the
battery by 0.1 mm or more.)

3. The nonaqueous secondary electrolytic battery accord-
ing to claim 2, wherein said electricity-generating element is
formed by winding said positive electrode plate and negative
electrode plate on its winding axis in such an arrangement
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that the section almost perpendicular to the winding axis is
ellipsoidal and is received in said battery case in such an
arrangement that the winding axis is perpendicular to the
plane of the opening of the battery case.

4. The nonaqueous secondary electrolytic battery accord-
ing to claim 2, wherein the thickness of the welded portion
of the imposed edges of the opening ol said battery case is
greater at the inner end thereof than at the outer end thereof.

5. The nonaqueous secondary electrolytic battery accord-
ing to claim 3, wherein the thickness of the welded portion
of the imposed edges of the opening of said battery case is
greater at the inner end thereof than at the outer end thereof.

6. The nonaqueous secondary electrolytic battery accord-
ing to claim 2, wherein the resin sheet constituting said
battery case is a metal-laminated film comprising a metal
foil and a resin layer laminated on each other.

7. The nonaqueous secondary electrolytic battery accord-
ing to claim 3, wherein the resin sheet constituting said
battcry casc is a mctal-laminated film comprising a mctal
foil and a resin layer laminated on each other.

8. The nonaqueous secondary electrolytic battery accord-
ing to claim 4, wherein the resin sheet constituting said
battery case is a metal-laminated film comprising a metal
foil and a resin layer laminated on each other.

9. The nonaqueous secondary electrolytic battery accord-
ing to claim 5, wherein the resin sheet constituting said
battery case is a metal-laminated film comprising a metal
foil and a resin layer laminated on each other.

10. A nonaqueous secondary electrolytic batlery compris-
ing the following elements:

an electricity-generating element comprising a positive
electrode plate and a negative electrode plate provided
opposed to each other with a separating material inter-
posed therebetween, and lead terminals electrically
connected to said electrode plates, respectively, i.e.,
positive electrode lead terminal and negative electrode
lead terminal; and

a battery case made of a resin sheet which is open in one
or two directions prior to sealing and is sealed by
welding the opcenings with said clectricity-gencrating
element received therein and said lead terminals
inserted in one of said openings.

(The thickness of the welded portion of the imposed edges
of the opening of said battery case is greater at the inner
end thereof than at the outer end thereof.)

11. The nonaqueous secondary electrolytic battery
according to claim 10, wherein said electricity-generating
element is formed by winding said positive electrode plate
and negative electrode plate on its winding axis in such an
arrangement that the section almost perpendicular to the
winding axis is ellipsoidal and is received in said battery
case in such an arrangement that the winding axis is per-
pendicular to the plane of the opening of the battery case.

12. The nonaqueous secondary electrolytic battery
according to claim 10, wherein the resin sheet constituting
said battery case is a metal-laminated film comprising a
metal foil and a resin layer laminated on each other.

13. 'I'he nonaqueous secondary electrolytic battery
according to claim 11, wherein the resin sheet constituting
said battery case is a metal-laminated film comprising a
metal foil and a resin layer laminated on each other.

14. A nonaqueous secondary electrolytic battery compris-
ing the following elements:
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an electricity-generating element comprising a positive
electrode plate and a negative electrode plate provided
opposed to each other with a separating material inter-
posed therebetween, and lead terminals electrically
connected to said electrode plates, respectively, i.e.,
positive electrode lead terminal and negative electrode
lead terminal; and

a bag-shaped battery case made of a resin sheet sealed
with said electricity-generating element received
therein.

(In order to form this battery case, two parallel sides of a
rectangular resin sheet are opposed and welded to each
other to form a cylinder which is open in two directions
(this welded portion will be hereinafter referred to as
“welded portion X”). With the lead terminals of the
foregoing electricity-generating element put in one of
the two openings, the two edges of the openings are
then opposcd and welded to cach other to form a scaled
bag, thereby forming a structure having the surface of
the welded-portion X fixed to the surface of the battery
case. The surface of the welded portion X is fixed to the
surface of the battery case.)

15. The nonaqueous secondary electrolytic battery
according to claim 14, wherein one end of said welded
portion X lies between said positive electrode lead terminal
and said negative electrode lead terminal.

16. The nonaqueous secondary electrolytic battery
according o claim 14, wherein said electricity-generating
element is formed by winding said positive electrode plate
and negative electrode plate on its winding axis in such an
arrangement that the section almost perpendicular to the
winding axis is ellipsoidal and is received in said battery
case in such an arrangement that the winding axis is per-
pendicular to the plane of the opening of the battery case.

17. The nonaqueous secondary electrolytic battery
according to claim 15, wherein said electricity-generating
element is formed by winding said positive electrode plate
and negative electrode plate on its winding axis in such an
arrangement that the section almost perpendicular to the
winding axis is cllipsoidal and is reccived in said battery
case in such an arrangement that the winding axis is per-
pendicular to the plane of the opening of the battery case.

18. The nonaqueous secondary electrolytic battery
according to claim 14, wherein the thickness of the welded
portion of the imposed edges of the opening of said battery
case is greater at the inner end thereof than at the outer end
thereof.

19. The nonaqueous secondary electrolytic battery
according to claim 15, wherein the resin sheet constituting
said battery case is a metal-laminated film comprising a
metal foil and a resin layer laminated on each other.

20. The nonaqueous secondary electrolytic battery
according to claim 16, wherein the resin sheet constituting
said battery case is a metal-laminated film comprising a
metal foil and a resin layer laminated on each other.

21. The nonaqueous secondary electrolytic battery
according to claim 17, wherein the resin sheet constituting
said battery case is a metal-laminated film comprising a
metal foil and a resin layer laminated on each other.

22. A nonaqueous secondary electrolytic battery compris-
ing the following elements:

an electricity-generating element comprising a positive
clectrode plate and a negative electrode plate provided
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opposed to each other with a separating material inter-
posed therebetween, and lead terminals electrically
connected to said electrode plates, respectively, i.e.,
positive electrode lead terminal and negative electrode
lead terminal; and

a bag-shaped battery case made of a resin sheet sealed
with said electricity-generating element received
therein.

(In order to form this battery case, two parallel sides of a
rectangular resin sheet are opposed and welded to each
other to form a cylinder which is open in two directions
(this welded portion will be hereinafter referred to as
“welded portion X”). With the lead terminals of the
foregoing electricity-generating element put in one of
the two openings, the two edges of the openings are
then opposed and welded to each other to form a sealed
bag, thereby forming a structure having the surface of
the welded portion X fixed to the surface of the battery
case (the portion welded with the lead terminals put
therein will be hereinafter referred to as “welded por-
tion Y”, and the other welded portion will be herein-
after referred to as “welded portion Z”). The surface of
the welded portion X is fixed to the surface of the
welded portion Y and/or welded portion Z.)

23. The nonaqueous secondary electrolytic battery
according to claim 22, wherein one end of said welded
portion X lies between said positive electrode lead terminal
and said negative electrode lead terminal.

24. The nonaqueous secondary electrolytic battery
according to claim 22, wherein said electricity-generating
element is formed by winding said positive electrode plate
and negative electrode plate on its winding axis in such an
arrangement that the section almost perpendicular to the
winding axis is ellipsoidal and is received in said battery
case in such an arrangement that the winding axis is per-
pendicular to the plane of the opening of the battery case.

25. Thc nonaqucous sccondary clectrolytic battery
according to claim 23, wherein said electricity-generating
element is formed by winding said positive electrode plate
and negative electrode plate on its winding axis in such an
arrangement that the section almost perpendicular to the
winding axis is ellipsoidal and is received in said battery
case in such an arrangement that the winding axis is per-
pendicular to the plane of the opening of the battery case.

26. The nonaqueous secondary electrolytic battery
according to claim 22, wherein the resin sheet constituting
said battery case is a metal-laminated film comprising a
metal foil and a resin layer laminated on each other.

27. The nonaqueous secondary electrolytic battery
according to claim 23, wherein the resin sheet constituting
said battery case is a metal-laminated film comprising a
metal [oil and a resin layer laminated on each other.

28. The nonaqueous secondary electrolytic battery
according to claim 24, whercin the resin shect constituting
said battery case is a metal-laminated film comprising a
metal foil and a resin layer laminated on each other.

29. The nonaqueous secondary electrolytic battery
according to claim 25, wherein the resin sheet constituting
said battery case is a metal-laminated film comprising a
metal [oil and a resin layer laminated on each other.

30. A nonaqueous secondary electrolytic battery compris-
ing the following elements:
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an electricity-generating element comprising a positive
electrode plate and a negative electrode plate wound
with a separating material interposed therebetween in
such an arrangement that the section perpendicular to
the winding axis is ellipsoidal and lead terminals elec-
trically connected to said positive electrode plate and
said negaltive electrode plate, respectively, and drawn
from the end face perpendicular to the winding axis,
i.e., positive electrode lead terminal and negative elec-
trode lead terminal;

a fixing tape wound on said electricity-generating element
along the winding axis extending from the peripheral
surface of said electricity-generating element to said
cnd face and running through the gap between said
positive electrode lead terminal and said negative elec-
trode lead terminal; and

a bag-shaped battery case made of a resin sheet sealed
with said electricity-generating element received
therein.

(In order to form this battery case, two parallel sides of
a rectangular resin sheet are opposed and welded to
each other to form a cylinder which is open in two
directions (this welded portion will be hereinafter
referred to as “welded portion X). With the lead
terminals of the foregoing electricity-generating ele-
ment put in one of the two openings, the two edges
of the openings are then opposed and welded to each
other to form a sealed bag, thereby, forming a
structure having the surface of the welded portion X
fixed to the surface of the battery case. The welded
portion X is formed overlapping partially the fixing
tape.)

31. The nonaqueous secondary electrolytic battery
according to claim 30, wherein said electricity-generating
element is received in said battery case in such an arrange-
ment that the winding axis is perpendicular to the plane of
said opening.

32. The nonaqueous secondary electrolytic battery
according to claim 30, wherein the resin sheet constituting
said battery case is a metal-laminated film comprising a
metal foil and a resin layer laminated on each other.

33. The nonaqueous secondary electrolytic battery
according to claim 31, wherein the resin sheet constituting
said battery case is a metal-laminated film comprising a
metal foil and a resin layer laminated on each other.

34. A nonaqueous secondary electrolytic battery compris-
ing the following elements:

an electricity-generating element comprising a positive
electrode plate and a negative electrode plate provided
opposed to each other with a separating material inter-
posed therebetween and lead terminals electrically con-
nected to said electrode plates, respectively; and

a battery case made of a resin sheet which is open in one
or two dircctions prior to scaling and is scaled by
welding the openings with said electricity-generating
element received therein and said lead terminals
inserted in one of said openings.

(The foregoing lead terminals are each bent at a radius of
from 0.5 mm to 4 mm.)
35. The nonaqueous secondary electrolytic battery
according to claim 34, wherein the bent portion of said lead
terminals is covered by a resin layer.
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36. The nonaqueous secondary electrolytic battery
according to claim 35, wherein the resin layer by which said
lead terminals are covered is made of a resin tube different
from said battery case.

37. The nonaqueous secondary electrolytic battery
according to claim 35, wherein the resin layer by which said
lead terminals are covered comprises a lead covering portion
formed by partially extending the resin sheet constituting
said battcry casc.

38. A nonaqueous secondary electrolytic battery compris-
ing the following elements:

an clectricity-generating element comprising a positive
electrode plate and a negative electrode plate provided
opposed to each other with a separating material inter-
posed therebetween and lead terminals electrically con-
nected to said electrode plates, respectively; and

a battery case made of a resin sheet which is open in one
or two directions prior to sealing and is sealed by
welding the openings with said electricity-generating
element received therein and said lead terminals
inserted in one of said openings.

The inner pressure of the battery case thus scaled is
p Yy
predetermined lower than 760 mmHg.)

39. Thc nonaqucous sccondary clectrolytic battery
according to claim 38, wherein said electricity-generating
element is formed by winding said-positive electrode plate
and negative electrode plate on its winding axis in such an
arrangement that the section almost perpendicular to the
winding axis is ellipsoidal and is received in said battery
case in such an arrangement that the winding axis is per-
pendicular to the plane of the opening of the battery case.

40. The nonaqueous secondary electrolytic battery
according to claim 38, wherein the resin sheet constituting
said battery case is a metal-laminated film comprising a
metal foil and a resin layer laminated on each other.

41. The nonaqueous secondary electrolytic battery
according to claim 39, wherein the resin sheet constituting
said battery casc is a mctal-laminated film comprising a
metal foil and a resin layer laminated on each other.

42. A nonaqueous secondary electrolytic battery compris-
ing the following elements:

an electricity-generating element comprising a belt-like
positive electrode plate and a belt-like negative elec-
trode plate wound with a separating material interposed
therebetween and lead terminals drawn from the end
face perpendicular to the winding axis and electrically
connccted to said positive clectrode plate and said
negative electrode plate, respectively, i.e., positive
electrode lead terminal and negative electrode lead
terminal (The foregoing positive electrode plate com-
prises a positive electrode compound applied to a
belt-like collector and has an exposed collector area at
one longitudinal end thereof. The foregoing positive
electrode lead terminal is connected to the exposed
area.

The foregoing negative electrode plate comprises a nega-
tive electrode compound applied to a belt-like collector
and has an exposed collector area at one longitudinal
end thereof. The foregoing negative electrode lead
terminal is connected to the exposed area.
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An insulating tape having a length greater than the width
of said electrode plates is stuck to at least one of said
positive electrode plate and negative electrode plate
with an adhesive layer interposed therebetween. The
forming length of the adhesive layer is shorter than the
width of said electrode plates and doesn’t protrude
from said electrode plates.); and

a bag-shaped battery case made of a resin sheet sealed

with said electricity-generating element received
therein.
43. The nonaqueous secondary electrolytic battery

according to claim 42, wherein when said positive electrode
plate and negative electrode plate have been wound with
said separating material interposed therebetween, said insu-
lating tape is disposed at the position corresponding to the
exposed area of said collector of the other electrode plate
and said lead terminals.

44. The nonaqueous secondary electrolytic battery
according to claim 42, wherein said electricity-generating
element is formed by winding said positive electrode plate
and negative electrode plate on its winding axis in such an
arrangement that the section almost perpendicular to the
winding axis is ellipsoidal and is received in said battery
case in such an arrangement that the winding axis is per-
pendicular to the plane of the opening of the battery case.

45. The nonaqueous secondary electrolytic battery
according o claim 43, wherein said electricity-generating
element is formed by winding said positive electrode plate
and negative electrode plate on its winding axis in such an
arrangement that the section almost perpendicular to the
winding axis is ellipsoidal and is received in said battery
case in such an arrangement that the winding axis is per-
pendicular to the plane of the opening of the battery case.

46. The nonaqueous secondary electrolytic battery
according to claim 42, wherein the resin sheet constituting
said battery case is a metal-laminated film comprising a
metal foil and a resin layer laminated on each other.

47. The nonaqueous secondary electrolytic battery
according to claim 43, whercin the resin sheet constituting
said battery case is a metal-laminated film comprising a
metal foil and a resin layer laminated on each other.

48. The nonaqueous secondary electrolytic battery
according to claim 44, wherein the resin sheet constituting
said battery case is a metal-laminated film comprising a
metal foil and a resin layer laminated on each other.

49. The nonaqueous secondary electrolytic battery
according to claim 45, wherein the resin sheet constituting
said battery case is a metal-laminated film comprising a
metal foil and a resin layer laminated on each other.

50. A process for the preparation of a nonaqueous sec-
ondary electrolytic battery comprising an electricity-gener-
ating element comprising a positive electrode plate and a
negative electrode plate provided opposed to each other with
a separating material interposed therebetween, and lead
terminals electrically connected to said electrode plates,
respectively, i.e., positive electrode lead terminal and nega-
tive electrode lead terminal and a battery case made of a
resin sheet [or receiving said electricity-generaling element
therein from which said lead terminals are drawn to the
exterior thereof through the sealed portion of said resin
sheet, which comprises receiving said electricity-generating
element and an insulating foam-preventive material in said
battery case which is open in two directions before sealing
in the direction along the winding axis of said electricity-
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generating element, sealing the opening at which said foam-
preventive material is not provided, injecting an electrolytic
solution into said battery case through the opening at which
said foam-preventive material is provided, and then welding
the opposing edges of said opening to each other while said
battery case is being evacuated.

51. The process for the preparation of a nonaqueous
secondary electrolytic battery according to claim 50,
wherein said foam-preventive material is disposed in the
direction of the winding axis of said electricity-generating
element on the side of said electricity-generating element
opposite the lead terminal drawing portion.

52. The process for the preparation of a nonaqueous
secondary electrolytic battery according to claim 51,
wherein said foam-preventive material is fixed to said elec-
tricity-generaling ¢lement on the side thereofl opposite the
lead terminal drawing portion.

53. The process for the preparation of a nonaqueous
secondary electrolytic battery according to claim 50,
wherein said electricity-generating element is formed by
winding said positive electrode plate and negative electrode
plate on its winding axis in such an arrangement that the
section almost perpendicular to the winding axis is ellipsoi-
dal and is received in said battery case in such an arrange-
ment that the winding axis is perpendicular to the plane of
the opening of the battery case.

54. The process for the preparation of a nonaqueous
secondary electrolytic battery according to claim 51,
wherein said electricity-generating element is formed by
winding said positive electrode plate and negative electrode
plate on its winding axis in such an arrangement that the
section almost perpendicular to the winding axis is ellipsoi-
dal and is received in said battery case in such an arrange-
ment that the winding axis is perpendicular to the planc of
the opening of the battery case.

55. The process for the preparation of a nonaqueous
secondary electrolytic battery according to claim 52,
wherein said electricity-generating element is formed by
winding said positive electrode plate and negative electrode
plate on its winding axis-in such an arrangement that the
section almost perpendicular to the winding axis is ellipsoi-
dal and is received in said battery case in such an arrange-
ment that the winding axis is perpendicular to the plane of
the opening of the battery case.

56. The process for the preparation of a nonaqueous
secondary electrolytic battery according to claim 50,
wherein the resin sheet constituting said battery case is a
metal-laminated film comprising a metal foil and a resin
layer laminated on each other.

57. The process for the preparation of a nonaqueous
secondary electrolytic battery according to claim 51,
whercin the resin sheet constituting said battery casc is a
metal-laminated film comprising a metal foil and a resin
layer laminated on each other.

58. The process for the preparation of a nonaqueous
secondary electrolytic battery according to claim 52,
wherein the resin sheet constituting said battery case is a
metal-laminated film comprising a metal foil and a resin
layer laminated on each other.

59. The process for the preparation of a nonaqueous
secondary electrolytic battery according to claim 53,
wherein the resin sheet constituting said battery case is a
metal-laminated film comprising a metal foil and a resin
layer laminated on each other.
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60. The process for the preparation of a nonaqueous 61. The process for the preparation of a nonaqueous
secondary electrolytic battery according to claim 55,
] ] o ) ) wherein the resin sheet constituting said battery case is a
wherein the resin sheet constituting said battery case is a metal-laminated film comprising a metal foil and a resin

metal-laminated film comprising a metal foil and a resin layer laminated on each other.

secondary electrolytic battery according to claim 54,

layer laminated on each other. # % ok Ek ok
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