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A cell which utilizes spinel type lithium manganate as an active material and comprises a positive electrode containing a gellea
polymer electrolyte (A), a negative electrode and a gelled polymer electrolyte (B) in a membrane or film form doubling as a
separator, wherein the gelled polymer electrolytes (A and B) both comprises a polyalkylene oxide based polymer impregnated with
a liquid electrolyte. The inventive cell has a large contact surface area between an active material of the positive electrode and a
gelled polymer electrolyte due to a specific gelled polymer electrolyte (A) contained in the positive electrode, which results In its
having a large Initial discharge capacity (especially, a high rate discharge capacity). Further, in the inventive cell, the manganese In
the spinel type lithium manganate shows a reduced tendency to dissolve out, due to a specific gelled polymer electrolyte (B) used
as an electrolyte, which results in the reduction of the decrease In discharge capacity caused by the dissolution of manganese in a
charge-discharge cycle, that is, In the excellent charge-discharge cycle characteristics of the cell.
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A cell which utilizes spinel type lithium manganate as an active material and comprises a positive electrode containing a gelled
polymer electrolyte (A), a negative electrode and a gelled polymer electrolyte (B) in a membrane or film form doubling as a separator,
| wherein the gelled polymer electrolytes (A and B) both comprises a polyalkylene oxide based polymer impregnated with 4 liquid electrolyte.
The inventive cell has a large contact surface area between an active material of the positive electrode and a gelled polymer electrolyte due
to a specific gelled polymer electrolyte (A) contained in the positive electrode, which results in its having a large initial discharge capacity
high rate discharge capacity). Further, in the inventive cell, the manganese in the spinel type lithium manganate shows a
reduced tendency to dissolve out, due to a specific gelled polymer electrolyte (B) used as an electrolyte, which results in the reduction of the

decrease in discharge capacity caused by the dissolution of manganese in a charge-discharge cycle, that is, in the excellent charge-discharge

cycle characteristics of the cell.
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Specification
LITHIUM SECONDARY BATTERY USING GELLED POLYMERIC
ELECTROLYTE '

Technical Field

The present invention relates to a lithium secondary battery including
spinel type lithium manganese oxide as a positive electrode active material and
gelled polymeric électrolyte as an 1on conducting medium, and more particularly,
1t relates to improvement of a positive electrode for the purpose of providing a

lithium secondary battery using a gelled polymeric electrolyte with large 1nitial

discharge capacity and good charge-discharge cycle performance.

Background Art

As an ion conducting medium (electrolyte) of a lithium secondary battery,
a hquid electrolyte (electrolytic solution) has been conventionally used because
of its good ionic conductivity although it has problems of leakage and elution of
an electrode material.

When a liquid electrolyte is used as an ion conducting medium in a
lithium secondary battery using lithium manganese oxide as a positive eiectrode
active material, however, manganese included in the lithium manganese oxide
is gradually eluted into the liquid electrolyte, resulting in causing a problem
that the discharge capacity is degraded in a small number of charge-discharge
cycles.

When a solid electrolyte (such as a film and a foil) lis used instead of a

Lquid electrolyte, the degradation of the discharge capacity due to the elution of
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manganese 1to the electrolyte can be avoided. The ionic conductivity of the

solid electrolyte is, however, generally lower than that of the hiquid electrolyte,

and a contact area between the electrolyte and the electrode is so small that the

electric resistance (interface resistance) on the interface between the electrolyte
and the electrode is large. Therefore, the discharge capacity, at high rate
discharge in particular, is degraded.

Accordingly, as an ion conducting medium for improving the
disadvantages of and making the best use of the advantages of the liquid
electrolyte and the solid electrolyte, a gelled electrolyte, particularly a gelled
polymeric electrolyte that can be easily formed into a thin film and is
Inexpensive, has been recently proposed. A gelled polymeric electrolyte is a
gelled substance obtained by impregnating a liquid electrolyte including a solute
(electrolytic salt) and a solvent into a matrix of a polymer (resin). Since a
gelled polymeric electrolyte includes a liquid electrolyte, it has higher ionic
conductivity than a solid electrolyte, and since the liquid electrolyte is fixed
through gelation within the matrix of the gelled polymeric electrolyte,
manganese 1s minimally eluted into the liquid electrolyte.

When a gelled polymeric electrolyte is used, however, a contact area
between the electrode and the electrolyte is smaller than in using a liquid
electrolyte. Therefore, the electric resistance (interface resistance) on the
interface between the electrode and the electrolyte is large as in using a solid

electrolyte. As a result, the discharge capacity, at high rate discharge in

particular, is degraded.

Accordingly, an 'obje(:t of the invention is providing a lithium secondary

battery using a gelled polymeric electrolyte with large initial discharge capacity

2
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and good charge-discharge cycle performance.

Disclosure of Invention

The lithium secondary battery using a gelled polymeric electrolyte of

this invention (present battery) comprises a positive electrode including a gelled

polymeric electrolyte (A) and using spinel type lithium manganese oxide as an

active material; a negative electrode; and a gelled polymeric electrolyte (B) in

the shape of a film or sheet also serving as a separator, and the gelled polymeric

' electrolyte (A) and the gelled polymeric electrolyte (B) are made from a polymer

of poly(alkylene oxide) series impregnated with a liquid electrolyte.

Both the gelled polymeric electrolyte (A) included in the positive
electrode and the gelled polymeric electrolyte (B) in the shape of a film or sheet
also serving as a separator are the polymers of poly(alkylene oxide) series
impregnated with a liquid electrolyte.

Examples of the polymer of poly(alkylene oxide) series are poly(ethylene
oxide), poly(propylene oxide), a block copolymer of poly(ethylene oxide) and
polystyrene, a block copolymer of poly(ethylene oxide) and polypropylene oxide,
polyetherimide, polyethersulfone, polysiloxane and polysulfone. From the
viewpoint of the charge-discharge cycle performance, the block copolymer of
poly(ethylene oxide) and polystyrene is particularly preferred. In particular,
the polymer of poly(alkylene oxide) series used for the gelled polymeric
electrolyte (B) preferably has high mechanical strehgth and a large molecular

weight. When, for example, poly(ethylene oxide) is used, the number average

‘molecular weight Mn is preferably approXimately two million through eight

million.
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Examples of the electrolyte used for impregnating the polymer of
poly(alkylene oxide) series are LiClO,, LiCF;S0O,, LiPF,, LiBF,, LiSbF,, LiAsF,,
LIN(C,_F,, ..SO)C F, ..SO,) (Whei'ein m and n independently indicate an
integer ranging between 1 and 5), and LiC(C,F,,.,SO)C F,. .,SO,)(C.F,,.,SO,)
(wherein p, q and r independently indicate an integer ranging between 1 and 5).
Examples of the solvent are ethylene carbonate, propylene carbonate, butylene
carbonate, vinylene carbonate, dimethyl carbonate, diethyl carbonate,
methylethyl carbonate, vy -butyrolactone, sulfolane, 1,2-dimethoxyethane, 1,2-
diethoxyethane, 1,2-ethoxymethoxyethane, tetrahydrofuran,' 2-methyl-1,3-
dioxolane, 4-methyl-1,3-dioxolane, dimethyl ether, diethyl ether, ethyl acetate
and methyl propionate. The liquid electrolyte preferably includes
LiN(C, F;,1S0)(C Fy,,,SO,) (wherein m and n independently indicate an
integer ranging between 1 and 5) and/or LaC(C, Fy,.,SO)(C F,,,SO,)(C,F,..,SO,)
(wherein p, q and r independently indicate an integer ranging between 1 and 5)
In a concentration of 0.1 through 2.0 mol/liter because the elution of manganese
can be thus effectively suppressed during charge-discharge cycles. When
another solute is used togeather with LaN(C F31S09)(C, Fy,,SO,) (wherein m
and n independently indicate an integer ranging between 1 and 5) and/or
LaC(C Fy,.:502)(C Fy .1SO)(C.F,,.,SO,) (wherein p, q and 1 independently
indicate an integer ranging between 1 and 5), the concentration of the solutes in
the liquid electrolyte is preferably lower thaxi 2.0 mol/liter.

In the case where the gelled polymeric electrolyte (A) and the gelled
polymeric electrolyte (B) are made from the same material, a film of a polymer of

poly(alkylene oxide) series is formed on a positive electrode by a casting method

or the like, and part of the cast polymer of poly(alkylene oxide) series is allowed
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to be included in the positive electrode at the same time. Subsequently, the
polymer of poly(alkylene oxide) series is impregnated with the same liquid
electrolyte. In this manner, the film-like gelled polymeric electrolyte (B) also

serving as the separator and the positive electrode including the gelled

polymeric electrolyte (A) are preferably integra]ly fabricated because the

fabrication can be thus eased and the contact resistance between the gelled

polymeric electrolyte also serving as the separator and the positive electrode can
be lowered.

The spinel type lithium manganese oxide used as the active material of
the positive electrode is lithium manganese oxide having a spinel structure
belonging to the cubic system. A specific example of the spinel type lithium
manganese oxide 1s LaM,Mn, O, (wherein M is at least one element selected
from the group consisting of Ni, Al, Mg, Fe and Co; and 0 <x ,,<_,-0.5).

Examples .of the material for the negative electrode are a substance
capable of electrochemically bccluding and discharging lithium ions and metallic
lithium. Examples of the substance capable of electrochemically occluding and
discharging lithium ions are a carbon material such as graphite (natural
graphite and artificial graphite), coke and an organic baked substance; lithium
alloy such as lithium - aluminum alloy, lithium- magnesium alloy, lithium -
indium alloy, ithium - tin alloy, lithium - thallium alloy, lithium - lead alloy and
lithium - bismuth alloy; and a metal oxide or metai sulfide including one of or
two or more of tin, titanium, iron, molybdenum, niobium, vanadium and zinc.

Since the present battery uses a positive electrode including a specific

gelled polymeric electrolyte (A), the contact area between the positive electrode

active material and the gelled polymeric electrolyte is large. Accordingly, the

O
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present battery can attain large initial discharge capacity (at high rate
discharge in particular). Also, since the present battery uses a specific gelled
polymeric electrolyte (B) as the electrolyte, manganese included in Spinei type
lithium manganese oxide is minimally eluted, which can reduce the degradation

5 of the discharge capacity derived from elution of manganese during charge-

discharge cycles. Accordingly, the present battery can exhibit good charge-

discharge cycle performance.

According to an aspect of the present invention there is provided a lithium
10 secondary battery comprising a positive electrode comprising a lithium manganese oxide
spinel as the active material and a gelled polymeric- electrolyte (A), a negative electrode,
and a gelled polymeric electrolyte (B) in the shape of a film or sheet serving as a
separator, the gelled polymeric electrolyte (A) and the gelled polymeric electrolyte (B)
each being made from the same material which is a block copolymer of poly(ethylene

15 oxide) and polystyrene impregnated with a liquid electrolyte.

Brief Description of Drawing

Figure 1is a sectional view of a lithium secondary battery using a gelled

polymeric electrolyte fabricated in an embodiment.
20

Preferred Embodiments

The present invention will now be described in detail on the basis of

preferred embodiments thereof, and it is noted that the invention is not limited

to the following embodiments but can be practiced with appropriate modification

25  without departing from the scope of the invention.
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Embeodiment 1

. & ®* . ®
ALl dLIUL Ol DU LAY E Cl¢ AL

Lithium nitrate (LiNO,), nickel nitrate (Ni(NO,),) and manganese
5 acetate (Mn(CH,COO),) were mixed in a molar ratio of 1:0.4:1.6, and the
mixture was baked at 600°C for 24 hours in the air, thereby obtaiming

LiNi, ,Mn, .O,. Then, the LiNi,,Mn, O, was crushed with a jet mill, so as to
prepare a spinel type lithium manganese oxide powder with a median diameter

of 10 pym. The spinel type lithium manganese oxide powder, a carbon powder
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serving as a conductive agent and a poly(vinylidene fluoride) powder serving as
a binder were mixed in a weight ratio of 85:10:5, and the mixture was kneaded
with NMP (N -methy1-2-pymro]idone) to give a paste. The paste was applied on
a positive electrode collector (stainless steel plate) by a doctor blade method (to
attain a thickness of 80 um after drying), and the resultant was heated at
130°C, thereby preparing a positive electrode (porous electrode) in the shape of a
disk with a diameter of 10 nam. .

Preparation of gelled polymeric electrolyte also serving as separato

Poly(ethylene glycol) ethyl ether acrylate (with a number average
molecular weight Mn of 360; CH,=CH—COO—(CH,—CH,—0)n—CH,—CH.,)
and a liquid electrolyte obtained by dissolving 1 M (molliter) of LiClO, in a
mixed solvent including ethylene carbonate and dimethyl carbonate in a volume
ratio of 2:3 were mixed in a weight ratio of 1:1. The mixture was applied on the
positive electrode into a thickness of 25 u m, and irradiated with electron
béams with a beam irradiation apparatus with electron curtain system (having
output power of 200 kV, exposure of 2 Mrad and a travel speed of an irradiated
target of 1 m/min.), thereby polymerizing the poly(ethylene glycol) ethyl ether
acrylate. Thus, a gelled polymeric eléctrolyte film also serving as a separator
was formed on one face bf the positive electrode. It was confirmed through
observation with a scanning electron microscope (SEM) that the ' gelled
polymeric electrolyte had entered the inside of the positive electrode. .

p . : ive ] i

A graphite powder with an average particle size of 10 u m serving as a
lithium 1ion occluding agent and poly(vinylidene fluoride) serving as a binder

were mixed in a weight ratio of 95:5, and the mixture was kneaded with NMP to

7
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give a paste. The paste was applied on a negative electrode collector (stainless

steel plate) by the doctor blade method (to attain a thickness of 70 um after

drying), and the resultant was heated at 130°C, thereby preparing a negative

electrode in the shape of a disk with a diameter of 10 mm.

Fabrication of lithium secondary batterv using gelled polvmeri

‘electrolyte

The negative electrode was placed on the gelled polymeric electrolyte
film formed on one face of the positive electrode and the resultant was housed in
a battery can, thereby fabricating a flat lithium secondary battery (present
battery) Al using the gelled polymeric electrolyte. The capacity ratio between
the positive electrode and the negative electrode was set to 1:1.1, so as to control
the battery capacity by the positive electrode capacity. In every battery
described below, the capacity ratio between the positive electrode and the
negative electrode was also set to 1:1.1. Figure 1 is a seCtional view of the
lithium secondary battery Al using the gelled polymeric electrolyte, and the
battery Al of Figure 1 comprises a positive electrode 1, a negative electrode 2, a
gelled polymeric electrolyte film 3 for separating these electrodes, a positive
electrode can 4, a negative electrode can 5, a positive electrode collector 6, a
negative electrode collector 7, an insulating packing 8 and the like. The

positive electrode 1 and the negative electrode 2 opposing each other with the

gelled polymeric electrolyte film 3 impregnated with a liquid electrolyte

Sandwiched therebetween are housed in the battery can formed by the positive

electrode can 4 and the negative electrode can 5. The positive electrode 1 is

connected to the positive electrode can 4 through the positive electrode collector

6, and the negative electrode 2 is connected to the negative electrode can 5

8
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through the negative electrode collector 7, so that chemical energy generated

within the battery can be taken out as electric energy.
Embodiment 2

Lithium nitrate, aluminum hydroxide (A1(OH),) and manganese acetate
were mixed in a molar ratio of 1:0.4:1.6, and the mixture was baked at 800°C for
24 hours in the air, thereby obt-aining LiAly ,Mn, O,. The LiA]{,,IMJ:l%O4 was

crushed with a jet mill to give a spinel type lithium manganese oxide powder

with a median diameter of 10 £ m. The spinel type lithium manganese oxide

powder, a carbon powder serving as a conductive agent and a poly(vinylidene

fluoride) powder serving as a binder were mixed in a weight ratio of 85:10:5.
The mixture was kneaded with NMP to give a paste. The paste was applied on
a positive electrode collector (stainless steel plate) by the doctor blade method '
(to attain a thickness of 80 um after drying), and the resultant was heated at

130°C. Thus, a positive electrode (porous electrode) in the shape of a disk with

a diameter of 10 mm was prepared.

Next, poly(ethylene glycol) ethyl ether acrylate (with a number average
molecular weight Mn of 360; CH,=CH—COO—(CH,—CH,—O)n—CH,—CH.,)
and a liquid electrolyte obtained by dissolving 1 M (molliter) of LiClO, in a
mixed solvent including ethylene carbonate and dimethyl carbonate in a volume
ratio of 2:3 were mixed in a weight ratio of 1:1. The resultant was applied on
the positive electrode into a thickness of 25 um, and irradiated with electron
beams with a beam irradiation apparatus wﬁh electron curtain system (having
output power of 200 kV, exposure of 2 Mrad and a travel speed of an irradiated
target of 1 m/min.), thereby polymerizing the poly(ethylene glycol) ethyl ether

acrylate. Thus, a gelled polymeric electrolyte film also serving as a separator
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was formed on one face of the positive electrode. It was confirmed through

observation with a scanning electron microscope (SEM) that the gelled
polymeric electrolyte had entered the inside of the positive electrode.
Then, a negative electrode (the same as that prepared in Embodiment 1)

5 was placed on the gelled polymeric electrolyte film formed on one face of the

positive electrode and the resultant was housed in a battery can. Thus, a flat

lithtum secondary battery (present battery) A2 using the gelled polymeric

electrolyte was fabricated.
Embodiment 3
10 Lithium nitrate, magnesium acetate (Mg(CH,COO0),) and manganese
acetate were mixed in a molar ratio of 1:0.4:1.6, and the mixture was baked at
700 'C for 24 hours in the air, thereby obtaining LiMg, Mn,O,. The
LaiMg, Mn,,O, was crushed with a jet mill to give a spinel type lithium
manganese oxide powder with a median diameter of 10 zm. The spinel type
15 hithium manganese oxide powder, a carbon powder serving as a conductive agent
and a poly(vinylidene fluoride) powder serving as a binder were mixed in a
weight ratio of 85:10:5. The mixture was kneaded with NMP to give a paste.
The paste was applied on a positive electrode collector (stainless steel plate) by
the doctor blade method (to attain a ﬂ:hicknessf of 80 zm after drying), and the
20 resultant was heated at 130°C. Thus, a positive electrode (porous electrode) in
the shape of a disk with a diameter of 10 mm was prepared.
Next, poly(ethylene glycol) ethyl ether acrylate (with a number average
molecular Weight Mn of 360; CH,=CH—COO—(CH,—CH,—O0)n—CH,—CH.,)
and a liquid electrolyte obtained by dissolving 1 M (mol/liter) of LiClO, in a

25 mixed solvent including ethylene carbonate and dimethyl carbonate in a volume

10
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ratio of 2:3 were mixed in a weight ratio of 1:1. The resultant was applied on
the positive electrode into a thickness of 25 um, and irradiated with electron
beams with a beam irradiation apparatus with electron curtain system (having
output power of 200 kV, exposure of 2 Mrad and a travel speed of an irradiated
target of 1 ‘m/min.), thereby polymerizing the poly(ethylene glycol) ethyl ether
acrylate. Thus, a gelled polymeric electrolyte film also serving as a separator
was formed on one face of the positive electrode. It was confirmed through '
observation with a scanning electron microscope (SEM) that the gelled
polymeric electrolyte had entered the inside of the positive electrode.

Then, a negative electrode (the same as that prepared in Embodiment 1)
was placed on the gelled p{olymeric electrolyte film formed on one face of the
positive electrode and the resultant was housed in a battery can. Thus, a flat

lithium secondary battery (present battery) A3 using the gelled polymeric

electrolyte was fabricated.
Embodiment 4

Lithium nitrate, ferric nitrate (Fe(NO,),) and manganese acetate were
mixed in a molar ratio of 1:0.4:1.6, and the mixture was baked at 700°C for 24
hours in the air, thereby obtaining LiFe,,Mn,.O,. - The LiFe, Mn, O, was
srushed with a jet mill to give a spinel type lithium manganese oxide powder
with a median diameter of 10 zm. The spinel type lithium manganese oxide
powder, a carbon powder serving as a conductive sgent and a poly(vinylidene
fluoride) powder serving as a binder were mixed in a weight ratio of 85:10:5.
The mixture was kneaded with NMP to give a paste. The paste was applied on
a positive electrode collector (stainless steel plate) by the doctor blade method

(to attain a thickness of 80 u m after drying), and the resultant was heated at

11

. - e * sqiegim tmmimsts samgme ssseym "qem goe sy , #0
PR AN T N, e S e ORI TV N LR a— T P A — -



10

15

20

25

CA 02334240 2000-12-04

130°C. Thus, a positive electrode (porous electrode) in the shape of a disk with
a diameter of 10 mm was prepared. Next, poly(ethylene glycol) ethyl ether
acrylate (with a number average molecular weight Mn of 360; CH,=CH—COO
—(CH,—CH,;—0)n—CH,;—CH,) and a liquid electrolyte obtained by dissolving 1
M (mol/liter) of LiClO, in a mixed solvent including ethylene carbonate and
dimethyl carbonate in a volume ratio of 2:3 were mixed in a weight ratio of 1:1.
The resultant was applied on the positive electrode into a thickness of 25 um,
and irradiated with electron beams with a beam irradiation apparatus with
electron curtain system (having output power of 200 kV, exposure of 2 Mrad and
a travel speed of an irradiated target of 1 m/min.), thereby polymerizing the
poly(ethylene glycol) ethyl ether acrylate. Thus, a gelled polymeric electrolyte
film also serving as a separator was formed on one face of the positive electrode.

It was confirmed through observation with a scanning electron microscope

(SEM) that the gelled polymeric eléctrolyte had entered the inside of the positive

electrode. '

Then, a negative electrode (the same as that prepared in Embodiment 1)
was placed on the gelled polymeric electrolyte film formed on one face of the
positive electrode and the resultant was housed in a battery can. Thus, a flat

hithium secondary battery (present battery) A4 using the gelled polymeric

electrolyte was fabricated.

Embodiment 5

Lithium nitrate, cobalt acetate (Co(CH,COO),) and manganese acetate
were mixed in a molar ratio of 1:0.4:1.6, and the mixture was baked at 700°C for
24 hours in the air, thereby obtaining LiCo, ,Mn,.O,. The LiCoo,,tl\/Inc,,ﬁO4 was

crushed with a jet mill to give a spinel type lithium manganese oxide powder

12
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with a median diameter of 10 zm. The spinel type lithium manganese oxide

powder, a carbon powder serving as a conductive agent and a poly(vinylidene

fluoride) powder serving as a binder weré mixed in a weight ratio of 85:10:5.

The mixture was kneaded with NMP to give a paste. The paste was applied on

5 a positive electrode .collecto:;r (stainless steel plate) by the doctor blade method

(to attain a thickness of 80 1 m after drying), and the resultant was heated at

130°C. Thus, a positive electrode (porous electrode) in the shape of a disk with

a diameter of 10 mm was prepared. Next, poly(ethylene glycol) ethyl ether

acrylate (with a number average molecular weight Mn of 360; CH,=CH—COO

10 —(CH,—CH,—O)n—CH,—CH,) and a liquid electrolyte obtained by dissolving 1

M (molliter) of LiClO, in a mixed solvent including ethylene carbonate and

dimethyl carbonate i a volume ratio of 2:3 were mixed in a weight ratio of 1:1.

The resultant was applied dn the positive electrode into a thickness of 25 um,

and 1rradiated with electron beams with a beam irradiation apparatus with

15 eléctron curtain system (having output power of 200 kV, exposure of 2 Mrad and

a travel speed of an irradiated target of 1 m/min.), thereby polymerizing the

poly(ethylene glycol) ethyl ether acrylate. Thus, a gelled polymer:ic electrolyte

film also serving as a separator was formed on one face of the positive electrode.

It was confirmed through observation with a scanning electron microscope

- 20 (SEM) that the gelled polymeric electrolyte had entered the inside of the positive
electrode.

Then, .a negative electrode (the same as that prepared in Embodiment 1)

was placed on the gelled polyﬁ;eric electrolyte film formed on one face of the

positive electrode and the resultant was housed in a battery can. Thus; a flat

25 lhithium secondary battery (present battery) A5 using the gelled polymeric
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electrolyte was fabricated.
Embodiment 6

A block copolymer of poly(ethylene oxide) and polystyrene (with a
copolymerization ratio of 1:1 and a number average molecular weight Mn of
approximately 300,000) was dissolved in NMP to give a solution (with a solid
content of 20 wt%). The solution was applied on one face of a positive electrode
the same as that prepared in Embodiment 1 into a thickness of 25 um., thereby

forming a block copolymer film of poly(ethylene oxide) and polystyrene. This

- positive electrode was immersed in a liquid electrolyte obtained by dissolving 1

M of LiClO, in a mixed solvent including ethylene carbonate and dimethyl
carbonate in a volume ratio of 2:3, so as to impregnate the block copolymer of
poly(ethylene oxide) and polystyrene with the Liquid electrolyte. rI.“hus, a gelled
polymeric electrolyte film also serVing as a separator was foxl'me.d on one face of
the positive electrode. It was confirmed through observation with a scanning
electron microscope that the gelled polymeﬁc electrolyte had entered the inside
of the positive electrode. Next, a negative electrode (the same as that prepared
in Embodiment 1) was placed on the gelled polymeric électrolyte film formed on
one face of the positive electrode and the resultant was housed in a battery can.
Thus, a flat lithium secondary battery (present battery) A6 using the gelled
polymeric electrolyte was fé.bricated.
Comparative Example 1

Aflat lithium secondary battery (comparative battery) B1 using a gelled
polymeric electrolyte was fabricated in the same manner as in Embodiment 1

except for the following: Instead of the gelled polymeric electrolyte film also

serving as a separator, a liquid electrolyte obtained by dissolving 1 M of LiClO,

14
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in a mixed solvent including ethylene carbonate and dimethyl carbonate in a
volume ratio of 2:3 and a polyethylene microporous film (separator) with a
thickness of 25 um were used, and the gelled polymeric electrolyte was not

included in the positive electrode.

Comparative Example 2

. Poly(vinylidene fluoride) (with a number average molecular weight Mn
of approximately 110,000) was dissolved in acetone to give a solution (with a
solid content of 10 wt%). The solution was applied on one face of a positive
electrode the same as that prepared in Embodiment 1 into a thickness of 25 Il
m, thereby forming a poly(vinylidene fluoride) film. The positive electrode was
immersed in a liquid electrolyte obtained by dissolving 1 M of LiClO, in a mixed
solvent including ethylene carbonate and dimethyl carbonate in a volume ratio
of 2:3, so as to impregnate the poly(vinylidene fluoride) with the liquid
electrolyte. Thus, a gelled polymeric electrolyte film also serving as a separator

was formed on one face of the positive electrode. It was confirmed through

observation with a scanning electron microscope that the gelled polymeric

~ electrolyte had entered the inside of the positive electrode. Next, a negative

electrode (the same as that prepared in Embodiment 1) was piaced on the gelled
polymeric electrolyte film formed on one face of the positive electrode and the
resultant was housed in a battery can. Thus, a flat lithium secondary battery

(comparative battery) B2 using the gelled polymeric electrolyte was prepared.

" Comparative Example 3

A block copolymer of poly(ethylene oxide) and polystyrelie (with a
COpolymerization ratio of 1:1 and a number average molecular weight Mn of

approximately 300,000) was dissolved in NMP to give a solution (with a solid

15
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content of 20 wt%). The solution was formed by the casting method into a block
copolymer film of poly(ethylene oxide) and polystyrene with a thickness of 25 u
m. Then, the film was immersed in a hquid electrolyte obtained by dissolving 1

M of LiClO, in a mixed solvent including ethylene carbonate and dimethyl

carbonate in a volume ratio of 2:3, so as to impregnate the block copolymer of

poly(ethylene oxide) and polystyrene with the liquid electrolyte by 100 wt%.
Thus, a gelled polymeric electrolyte film also serving as a separator was formed.
Next, the gelled polymei*ic electrolyte film was sandwiched between a positive
electrode and a negative electrode the same as those prepared in Embodiment 1
(whereas the positive electrode was not impregnated with the gelled polymeric
electrolyte), and the resultant was housed in a battery can. Thus, a flat lithium

secondary battery (comparative battery) B3 using the gelled polymeric

electrolyte was fabricated.
Ascharge capacity of each hatterv at 1st and 100tL

With respect to each of the present batteries Al through A6 and the
comparative batteries B1 through B3, 100 charge-discharge cycles were run, in
each cycle of which the battery was charged to 4.2 V at a current density of 100
# A/cm® and discharged to 2.75 V at a current density of 100 x A/em? at 25°C,

thereby obtaining the discharge capacity (mAh) of the battery at the 1st and

100th cycles. The results are shown in Table 1.

16
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Table 1
Discharge capacity (mAh)
1st cycle | 100th cycle

Present battery A1l 2.2 1.8
Present battery A2 2.2 2.0
Present battery A3 ' 2.1 1.9
Present battery A4 2.1 ‘ 1.9
Present battery A5 2.2 2.0
Present battery A6 - 2.2 2.0
Comparative battery B1 2.2 1.2
Comparative battery B2 2.2 1.2
Comparative battery B3 1.9 1.7

As 1s shown in Table 1, the discharge capacity at the 100th cycle islarger

in the present batteries Al through A6 than in the comparative batteries B1 and.
B2. Also, the discharge capacity at the 1st cycle is larger in the preSent
batteries Al through A6 than in the comparaﬁve’ battery B3. It is understood
from the results that the invention provides a lithium secondary battery using a
gelled polymeric electrolyte with large initial discharge' capacity and good
charge-discharge cycle performance. The discharge capacity at the 100th cycle
of the comparative battery B1 was small probably because manganese was
eluted into the ]iquid electrolyte, and the discharge capacity at the 100th cycle of
the comparative battery B2 was small probably because manganese was eluted
into the liquid electrolyte impregnated into the gelled polymeric electrolyte film
also serving as the separator. Furthermore, the discharge capacity at the 1st

cycle of the comparative battery B3 is small probably because a contact area
between the positive electrode and the electrolyte was so small that the contact

resistance on the interface was large.
Embodiment 7

17
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Pro .  nositive electrod
Lathium nitrate and manganese dioxide were mixed in a molar ratio of .
1:2, and the mixture was baked at 600°C for 24 hours in the air, thereby
obtamning LiMn,0,. The LiMn,0O, was crushed with a jet mill to give a spinel
5 type lithium manganese oxide poWder with a median diameter of 10 zm. The
spinel type lithium manganese oxide powder, a carbon powder serving as a
conductive agent, a poly(vinylidene fluoride) powder serving as a binder and a
block c_iop olymer of poly(ethylene oxide) and polystyrene (with a
copolymerization ratio of 1:1 and a number average molecular weight Mn of
10  approximately 300,000) were mixed in a weight ratio of 85:10:3:2. The
resultant mixture was kneaded with NMP to give a paste, the paste was applied
on a positive electrode collector (aluminum plate) by the doctor blade method (to
attain a thickness of 80 uxm after drying), and the resultant was heated at
130°C. Thus, a positive electrode (porous electrode) in the shape of a disk with
15 a diameter of 10 mm was prepared. The positive electrode was immersed in a
' liquid electrolyte obtained by dissolving 1 M of LiN(CzF5802)2 in a mixed solvent
including ethylene carbonate and diethyl carbonate in a volume ratio of 1:1, so
as to 1mpregnate the block copolymer of poly(ethylene oxide) and polystyrene

with the liquid electrolyte.

20 Preparation of gelled polymeric electrol

A block copolymer of poly(ethylene oxide) and polystyrene (with a

&
D oCIVIIIE AS SepDAratiQl

copolymerization ratio of 1:1 and a number average molecular weight Mn of
approximately 300,000) was dissolved in NMP to give a 20 wt% solution. The
solution was formed by the casting method into a block copolymer film of

25 poly(éthylene oxide) and polystyrene with a thickness of 25 ym. Next, the. ‘
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film was immersed in a liquid electrolyte obtained by dissolving 1 M of
LAN(C,F¢SO,), in a mixed solvent including ethylene carbonate and diethyl
carbonate in a volume ratio of 1:1, so as to impregnate the block copolymer of
poly(ethylene oxide) and polystyrene with the liquid electrolyte. Thus, a gelled

polymeric electrolyte film also serving as a separator was prepared.

. abrication of lithium secondarvy batterv usineg gelled polvmer:
electrolyte

The gelled polymeric electrolyte film also serving as a separator was
sandwiched between the positive electrode and a negative electrode (the same as
that prepared in Embodiment 1) and the resultant was housed in a battery can.
Thus, a flat lithium secondary battery (present battery) A7 using the gelled
polymenric electrolyte was fabricated.
Embodiment 8

A flat lithium secondaiy battery (present battery) A8 using a gelled
polymeric electrolyte was fabricated in the same manner as in Embodiment 7
except that a liquud electrolyte obtained by dissolving 1 M of LiN(CF,SO,), in a
mixed solvent including ethylene carbonate and diethyl carbonate in a volume
ratio of 1:1 was used as the Liquid electrolyte for impregnating the block
copolymer of poly(ethylene oxide) and polystyrene in the preparation of the
positive electrode and the gelled polymeric electrolyte film also serving as the
separator.
Embodiment 9

A flat lithium secondary battery (present battery) A9 using a gelled
polymeric electrolyte was fabricated in the same manner as in Embodiment 7

except that a liquid electrolyte obtained by dissolving 1 M of
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LiIN(CF,S0O,)(C,F,SO, in a mixed solvent 'including ethylene carbonate and
diethyl carbonate in a volume ratio of 1:1 was used as the liquid electrolyte for

impregnating the block copolymer of poly(ethylene oxide) and polystyrene in the

~ preparation of the positive electrode and the gelled polymeric electrolyte film

also serving as the separator.
Embodiment 10

A flat lithium secondary battery (present battery) A10 using a gelled

polymeric electrolyte was fabricated in the same manner as in Embodiment 7

except that a liquid electrolyte obtained by dissolving 1 M of LaN(C,F,SO,), in a

mixed solvent including ethylene carbonate and diethyl carbonate in a volume

‘ratio of 1:1 was used as the liquid electrolyte for impregnating the block

copolymer of poly(ethylene oxide) and polystyrene in the prep aration of the
positive electrode and the gelled polymeric electrolyte film also serving as the

separator.
A flat lithium secondary battery (present battery) A1l using a gelled

polymeric electrolyte was fabricated in the same manner as in Embodiment 7

- except that a liquid electrolyte obtained by dissolving 1 M of LiC(CF,S0.,). in a

mixed solvent including ethylene carbonate and diethyl carbonate in a volume
ratio of 1:1 was used as the liquid electrolyte for irnpregnating the block
copolymer of poly(ethylene oxide) and polystyrene in the preparation of the
positive electrode and the ge]led polymeric electrolyte film also serving as the
separator.
Embodiment 12

A flat lithium secondary battery (present battery) A12 using a gelled

20
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polymeric electrolyte was fabricated in the same manner as In Embodiment 7
except that a liquid electrolyte obtained by dissolving 1 M of
LaC(CF;S0,),(C,F,S0,) in a mixed solvent including ethylene carbonate and

diethyl carbonate in a volume ratio of 1:1 was used as the liquid electrolyte for

5 1mpregnating the block copolymer of poly(ethylene oxide) and polystyrene in the

preparation of the positive electrode and the gelled polymeric electrolyte film

also serving as the separator.
Embodiment 13
A flat lithium secondary battery (present battery) A13 using a gelled

10 polymeric electrolyte was fabricated in the same manner as in Embodiment 7

except that a liquid electrolyte obtained by dissolving 1 M of

LiC(CF350,)(C,FoSO,), in a mixed solvent including ethylene carbonate and
diethyl carbonate in a volume ratio of 1:1 was used as the liquid electrolyte for
impregnating the block copolymer of poly(ethylene oxide) and polystyrene in the
15 preparation of the positive electrode and the gelled polymeric electrolyte film

‘also serving as the separator.

20  except that a liquid electrolyte obtained by dissolving 1 M of LiC(C,F,SO.), in a
mixed solvent including ethylene carbonate and diethyl carbonate in a volume
ratio of 1:1 was used as the liquid electrolyte for impregnating the block

copolymer of poly(ethylene oxide) and polystyrene in the preparation of the

positive electrode and the gelled polymeric electrolyte film also serving as the

25 separator.

21
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Embodiment 15

A flat lithium secondary battery (present battery) Al5 using a gelled
polymeric electrolyte was fabricated in the same manner as in Embodiment 7
except that a liquid electrolyte obtained by dissolving 1 M of
LAIN(CF,SO)(C.F,,;S0O,) in a mixed solvent including ethylene carbonate and
diethyl carbonate in a volume ratio of 1:1 was used as the liquid electrolyte for
impregnating the block copolymer of poly(ethylene oxide) and polystyrene in the

preparation of the positive electrode and the gelled polymeric electrolyte film

‘also serving as the separator.

Embodiment 16
A flat lithium secondary battery (present battery) A16 using a gelled

polymeric electrolyte was fabricated in the same manner as in Embodiment 7

- except that a liquid electrolyte obtained by dissolving 0.1 M of LiPF, and 0.9 M

of LiN(C,FSO,), in a mixéd solvent including ethylene carbonate and diethyl
carbonate in a volume ratio of 1:1 was used as the liquid electrolyte for
impregnating the block copolymer of poly(ethylene oxide) and polystyrene in the
preparation of the positive electrode and the gelled i)olymeric electrolyte film
also serving as the separator. '
Embodiment 17

A flat lithium secondary battery (present battery) A17 using a gelled
polymeric electrolyte was fabricated In the same manner as in Embodiment 7
except that a liquid electrolyte obtained by dissolving 0.05 M of IaiPF, and 0.5 M

of LIN(C,FS0,), in a mixed solvent including ethylene carbonate and diethyl

carbonate in a volume ratio of 1:1 was used as the liquid electrolyte for

impregnating the block copolymer of poly(ethylene oxide) and polystyrene in the

22
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preparation of the positive electrode and the gelled polymeric electrolyte film

also serving as the separator.
Embodiment 18

A ﬂat'lithium secondary battery (present battery) A18 using a gelled
polymeric electrolyte was fabricated in the same manner as in Embodiment 7
except that a liquid electrolyte obtained by dissolving 0.9 M of ILiPF; and 0.1 M
of LIN(C,F;SO,), in a mixed solvent including ethylene carbonate and diethyl
carbonate in a volume ratio of 1:1 was used as the liquid electrolyte for
impregnating the block copolymer of poly(ethylene oxide) and polystyrene in the

preparation of the positive electrode and the gelled polymeric electrolyte film

also serving as the separator.
Embodiment 19

A flat lithium secondary battery (present battery) A19 using a gelled

solvent including ethylene carbonate and diethyl carbonate in a volume ratio of
1:1 was used as the liquid electrolyte for impregnating the block copolymer of
poly(ethylene oxide) and polystyrene in the prep aration of the positive electrode
and the gelled polymeric electrolyte film also serving as the separator.
Embodiment 20

A flat lithium secondary battery (present‘ battery) A20 using a gelled
polymeric electrolyte was fabricated in the samé manner as in Embodiment 7
except that a liquid electrolyte obtained by dissolving 1 M of LiBF, in a mixed
solvent including ethylene carbonate and diethyl carbonate in a volume ratio of

1:1 was used as the liquid electrolyte for impregnating the block copolymer of
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poly(ethylene oxide) and polystyrene in the preparation of the positive electrode
and the gelled polymeric electrolyte film also serving as the separator.
Embodiment 21

A flat lithium secondary battery (present battery) A21 using a gelled

polymeric electrolyte was fabricated in the same manner as in Embodiment 7

except that a liquid electrolyte obtained by dissolving 1 M of LiPF, in a mixed

solvent including ethylene carbonate and diethyl carbonate in a volume ratio of
1:1 was used as the liquid electrolyte for impregnating the block copolymer of
poly(ethylene oxide) and polystyrene in the preparation of the positive electrode
and the gelled polymeric electrolyte film also serving as the separator.
Comparative Example 4

~ Aflat lithium secondary battery (comparative battery) B4 uSing a gelled
polymeric electrolyte was fabricated in the same manner as in Embodinient 3
except that a liquid electi'olyte obtained by dissolving 1 M of LiClO, in a mixed
solvent mcluding ethylene carbonate and diethyl carbonate in a volume ratio of

1:1 and_a polyethylene microporous film (separator) with a thickness of 25 um

were used instead of the gelled polymeric electrolyte film also serving as the

separator and that the gelled polyi11eric electrolyte was not included in the
positive electrode. '
C ive F le 5

Aflat lithium secondary battery (comparative battery) B5 using a gelled
polymeric electrolyte was fabricated in the same manner as in Embodiment 3
except that a liquid electrolyte obtained by dissolving 1 M of LiBF, in a mixed
solvent including ethylene carbonate and diethyl carbonate in a volume ratio of

1:1 and a polyethylene microporous film (separator) with a thickness of 25 zm
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were used instead of the gelled polymeric electrolyte film also serving as the
separator and that the gelled polymeric electroljrte was not included in the
positive electrode.
Comparative Example 6

A flat lithium secondary battery (comparative battery) B6 using a gelled
polymeric electrolyte was fabricated in the séme manner as in Embodiment 3
except that a liquid electrolyte obtained by dissolving 1 M of LiPF, in a mixed
solvent including ethylene carbonate and diethyl carbonate in a volume ratio of
1:1 and a polyethylene microporous film (separator) with a thickness of 25 um
were used instead of the gelled polymeric electrolyte film also serving as the
separator and that the gelled polymeric electrolyte was not included in the
posifive electrode.
Comparative Example 7
' ' Aflat lithium secondary battery (comparative battery) B7 using a gelled
polymeric electrolyte was fabricated in the same manner as in Embodiment 3
except that a liquid electrolyte obtained by dissolving 1 M of LiN(CzF,‘SSOZ)2 in a
mixed solvent including ethylene carbonate and diethyl carbonate in a volume
ratio of 1:1 and a polyethylene microporous film (separator) with a thickness of
25 pm were used instead of the gelled polymeric electrolyte film also serving as

the separator and that the gelled polymeric electrolyte was not included in the

positive electrode.

=y ¢ _ »
Discharge caps of battery at 1st and 100th cycles

With respect to each of the present batteries A7 through A21 and the
comparative batteries B4 through B7, 100 charge-discharge cycles were run

under the aforementioned conditions, thereby obtaining the discharge capacity
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(mAh) at the 1st and 100th cycles. The results are shown in Table 2.

Table 2
Discharge capacity (mAh)
1st cycle 100th cycle

_—

Present battery A7 2.4 2.2
Present battery A8 2.4 2.2
Present battery A9 2.4 2.1
Present battery A10 2.4 2.2
Present battery Al11 2.4 2.2
Present battery A12 2.4 2.1
Present battery A13 2.4 2.2
Present battery A14 2.4 2.2
Present battery A15 24 2.0
Present battery A16 2.4 2.2
Present battery A17 2.4 2.0
Present battery A18 2.4 1.9
Present battery A19 2.4 1.7
Present battery A20 2.4 1.5
Present battery A21 2.4 1.6
Comparative battery B4 2.4 1.2
Comparative battery B5 2.4 1.1
Comparative battery B6 2.4 1.2
Comparative battery B7 2.4 1.2

As is shown in Table 2, the discharge capacity at the IOOth cycle is larger
1n the present batteries A7 through A21 using the gelled polymeric electrolyte
film also serving as the separator because of a smaller amount of manganese
eluted during the charge-discharge cycles than in the comparative batteries B4
through B7 using the liquid electrolyte. Among the present batteries A7
through A21, the discharge capacity at the 100th cycle is particularly large in
the present batteries A7 through A18. Accordingly, it is understood that the

solute of the liquid electrolyte used for the impregnation is preferably

26
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LAN(C, F;,..:S0)(C F,.,,;S0.) (wherein m and n independently indicate an
integer ranging between 1 and 5) or LaC(C,Fy,.:S0)(C Fy.,SO,)(C.F,,.,SO,)

(wherein p, q and r independently indicate an integer ranging between 1 and 5).

aelationship between concentration of liquid electrolvte and narge-discharee
cycle performance

. Seven kinds of lithium secondary batteries (present batteries) A22
through A28 each using a gelled polymeric electrolyte were fabricated in the
same manner as in Embodiment 7 except that a liquid electrolyte obtained by
dissolving 0.05M,0.1M,05M,15M,2.0M, 2.5M or 3.0 M of LiN (C,F.SO,), in

a mixed solvent including ethylene carbonate and diethyl carbonate in a volume

ratio of 1:1 was used as the liquid electrolyte for impregnating the block

copolymer of poly(ethylene oxide) and polystyrene in the fabrication of the

positive electrode and the gelled polymeric electrolyte film also serving as the

separator. Subsequently, with respect to each of the batteries, 100 charge-

 discharge cycles were run under the aforementioned conditions, thereby

obtaining the discharge cap acity (mAh) at the 1st and 100th cycles. The results
are shown in Table 3. Table 3 also shows the discharge cap acity at the 1st and

100th cycles of the present battery A7 listed in Table 2.
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Table 3

Concentration of

LaN(C,F,SO,), Discharge capacity (mAh)
1n liquid electrolyte 1st cycle 100th cycle
(M)

Present battery A22 0.05 - 2.4 1.3
Present battery A23 0.1 2.4 1.6
Present battery A24 0.5 2.4 1.9
Present battery A7 1.0 2.4 2.2
Present battery A25 1.5 2.4 2.0
Present battery A26 2.0 2.4 1.6
Present battery A27 2.5 2.4 1.3

2.4 1.3

Present battery A28 3.0

It is understood from Table 3 that the liquid electrolyte preferably
includes 0.1 through 2.0 M of LiN(C,F,SO,).. It was also confirmed that a
concentration of 0.1 through 2.0 M is preferred in using any of other liquid

electrolytes according to this

mvention represented by

LiN(CoF 21809 (CoF'301S05) 0 LiC(C,Fy,1S0,)(C,Fy.,SO,)(C.F,..SO,).

Industrial Applicability

The invention provides a lithium secondary battery using a gelled
polymeric electrolyte with large initial discharge capacity and good charge-

discharge cycle performance.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A lithium secondary battery comprising a positive electrode comprising a lithium
manganese oxide spinel as the active material and a gelled polymeric electrolyte (A);

a negative electrode; and

a gelled polymeric electrolyte (B) in the shape of a film or sheet serving as a separator,
the gelled polymeric electrolyte (A) and the gelled polymeric electrolyte (B) each being
made from the same material which is a block copolymer of poly(ethylene oxide) and

polystyrene impregnated with a liquid electrolyte.

2. The lithium secondary battery using a gelled polymeric electrolyte according to
claim 1, wherein the lithium manganese oxide spinel is LiM,Mn;,.,04, wherein M is at

least one element selected from the group consisting of Ni, Al, Mg, Fe and Co, and
0<x<0.5.

3. The lithium secondary battery using a gelled polymeric electrolyte according to
claim 1, wherein the liquid electrolyte includes LIN(Cp,, Fom+1 SO2)(Cy Fane1 SO»)
(wherein m and n independently indicate an integer ranging between 1 and 5) and
LiC(Cp Fopt1 SO)(Cq Fagi1 SOXNC; Farr1 SO2) (wherein p, q and r independently indicate

an integer ranging between 1 and 5).

4. The lithium secondary battery using a gelled polymeric electrolyte according to
claim 1, wherein the liquid electrolyte includes LiN(Cy Fom+1 SO2)(Cq Fans1 SO2)
(wherein m and n independently indicate an integer ranging between 1 and 5) and
LiC(C, F2p+1 SO)NCq Fagi1 SO)C; Fare1 SO2) (wherein p, q and r independently indicate

an integer ranging between 1 and 5) in a concentration of (.1-2.0 mol/liter.

5. The lithium secondary battery using a gelled polymeric electrolyte according to
claim 1, wherein the liquid electrolyte includes LiN(Cpy Fom+1 SO2)(Cy Faps1 SO2)
(wherein m and n independently indicate an integer ranging between 1 and 5) or

LiC(C, Fap+1 SO2)(Cq F2g+1 SO2)(Cy Fart1 SO2) (wherein p, q and r independently indicate

an integer ranging between 1 and 3).
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6.  The lithium secondary battery using a gelled polymeric electrolyte according to
claim 1, wherein the liquid electrolyte includes LiN(C,, Foms+1 SO2)(Cy, Fant1 SO2)
(wherein m and n independently indicate an integer ranging between 1 and 5) or

LiC(Cp Fap+i SO)(Cq Fagr1 SO)(C; Fare1 SO) (wherein p, q and r independently indicate

an integer ranging between 1 and 5) in a concentration of 0.1-2.0 mol/liter.
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