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Abstract of the Disclosure

A gel polymer electrolyte according to the present invention

comprises a polymer selected from the group consisting of vinyl acetate

copolymer, poly(ethylene/vinylacetate/carbon oxide: EVACM), and
poly(ethylene/vinylacetate/maleic acid anhydride: EVAMA . an inorganic
filler; and a liquid electrolyte that a lithium salt 1s dissolved in an
aprotic solvent. It i1s preferable that the polymer material in a gel
polvmer electrolyte according to the present invention is in the range of
20 to 309 by weight, the inorganic material filler 1s 1n the range of 5 to
20% bv weight, and the liquid electrolyte is in the range of 60 to 80 9%
bv weight. As a specific functional group which has a high
compatibility with a liquid electrolyte in the present invention 1s
contained in the polymer material, a lithium 1on becomes to move with
ease in electrolyte, and the ionic conductivity is over 0.5 mS/cm which
1s the demand level of a gel polyvmer electrolyte. Also, 1t provides the
gel polvmer electrolyte material with a high film formability, a good
property of containing an electrolyte, a good adhesibility, and a good

mechanical strength.
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Gel Polymer Electrolytes of Vinyl Acetate

Field of the Invention

The present invention relates to a gel polymer
electrolyte component derived of vinyl acetate in use of a
lithium polymer secondary cell having the good ion
conductivity, electrochemical stability, formability, and
mechanical strength. More specifically, the present invention
relates to a gel polymer electrolyte which keeps to be stable
the liquid organic electrolyte in the polymer matrix and has a
high ionic conductivity and electrochemical stability by
improving compatibility with a liquid organic electrolyte, and
also relates to a gel polymer electrolyte which has an
improved formability and mechanical strength and can be easily

prepared at room temperature by introducing the structure unit
of ethylene to the polymer.

Background of the Invention

According to rapid development of electrical, electronic,
telecommunicational, and computer industry, the need for a
secondary cell having a high performance and stability has
been increased. Especially, electronic goods are becoming
smaller and more portable so that a secondary cell which is a
main part thereof also required to be thinner and smaller.
Now, although a nickel-cadmium secondary cell and a nickel-
hydrogen secondary cell are commonly used, a lithium secondary
cell 1s spotlighted as a new-type secondary cell having higher
energy density than those secondary cells.

According to applied electrolytes 1n a lithium secondary
cell, there are lithium ion cell which a electrolyte is
liquid, and lithium polymer cell which electrolyte is a gel.
In case of lithium ion cell there is the merit of high
capacity, but it needs special device such as a guard circuit
because a liquid electrolyte containing lithium salt should be
used. While in case of lithium polymer cell, it is much more
stable than lithium ion cell because 1t uses a polymer as an
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electrolyte.

In order to be technically available, a lithium polymer
secondary cell should be electrochemically stable, that is, it
should be stable in the broad range of voltage to resist for
an overrecharged condition. And it should show a high ionic
conductivity over 1 mS/cm at room temperature. Also, materials
which has chemically and electrically compatible with a gel
polymer electrolyte should be developed. Especially, it should
have a high property of matter and a good adhesion property
between cathode and anode.

It 1s focused on the development of a blended polYmer
electrolyte or a gel polymer electrolyte which i1s made to a
polymer electrolyte by mixing with liquid organic electrolyte
used i1n the system of lithium ion cell to keep the lithium ion
conductivity over 0.5 mS/cm at room temperature as a
composition of electrolyte. Thus, recently a lithium polymer
secondary cell has been developed by Hitachi Maxwell Co. and
Battery Engineering Co. The electrolyte used in the cell is a
blended polymer electrolyte mixed by polymer/organic
electrolyte (Nikkei Electronics, 1997.5.19). These polymer
electrolytes are manufactured by addition of a liquid
electrolyte to a polymer matrix, which is the most closed
system to commercial use of a lithium polymer secondary cell.
The typical examples of polymer used as a gel polymer
electrolyte are poly acrylonitrile (US Patent No. 5,219,679),
polyvinylidene fluoride (US Patent No. 5,296,318), etc. Also,
a gel polymer electrolyte made by mixing organic electrolyte
with copolymer containing chlorovinyl, vinylacetate,
acrylonitrile, styrene or methylacrylate was applied to a
lithium polymer cell (Japanese Patent Laid-open No. 06-
131423) . The polymer material copolymerized a high polar
monomer such as vinyl chloride, methyl metacrylate, vinyl
alcohol, acrylic acid, etc. with a low polar monomer such as
styrene, butadiene, etc. was used as a gel polymer electrolyte
(Japanese Patent Laid-open No. 06-153127). NBR (acrylonitrile
butadiene rubber), ABS (terpolymer of acrylonitrile, butadiene
and styrene), and AAS (acrylonitrile acyl styrene copolymer)
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using acrylonitrile as a basic material was used as an example
of the gel polymer electrolyte (Japanese Patent Laid-open No.
06-153127). By analyzing the prior art on the basis of the gel
polymer electrolyte material, the most preferable polymer
material in use of the electrolyte is (1) a polymer which has
a high mechanical strength in order to make an ease the
preparation of an electronic cell, (2) a gel polymer
electrolyte which inhibits the exudation phenomenon of leaking
of liquid organic electrolyte in polymer, (3) a gel polymer
having the ionic conductivity over 0.5 mS/cm, (4) a gel
polymer electrolyte having a high adhesibility between cathode
and anode, and (5) a gel polymer electrolyte having a high
film formability of an electrolyte. However, there is no
polymer which has all of the above characteristics among the
prior invented polymers. For example, in case of a poly
(chiorovinylidene/ hexachloropropylene) of US Patent No.
5,296,318, although the polymer is spotlighted due to a good
mechanical strength, formability, and ionic conductivity, it
has difficulty 1in applying to the method to prepare the cell
by sandwiching the gel polymer electrolyte between cathode and
anode as a material of the electrolyte, which is generally the
well-known method for preparation of a lithium polymer cell.
Therefore, in order to improve the polymer material of US
Patent No. 5,296,318, the polymer material was applied to the
method of plastic lithium ionic cell preparation (PLI method)
in which polymer matrix, cathode f£ilm and anode f£ilm are
laminated to minimize the resistance of interface (The
Electrochemical Society Proceedings, Vol. 94-28, pp 330-335).

Accordingly, the present inventors have developed a gel
polymer electrolyte whose polymer 1s selected from the group
consisting of poly(vinyl acetate), poly(ethylene/vinyl
acetate), poly(ethylene/vinyl acetate/carbon monoxide), and
poly(ethylene/vinyl acetate/malefic acid anhydride) . The
polymer electrolytes show a high adhesibility, a good ionic
conductivity, a good film formability, etc.

Objects of the Invention

An object of the present invention is to provide a gel polymer
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electrolyte having a high 1onic conductivity.

Another object of the invention is to provide a gel polymer
electrolvte to prepare with ease a cell due to a high mechanical
strength.

A further object of the invention i1s to provide a gel polymer
electrolyte which inhibits the exudation phenomenon of leaking of liquid
organic electrolyte in polymer. -

A further object of the present invention is to provide a gel
polymer electrolyte having a high adhesibility between cathode and
anode.

A further object of the present invention is to provide a gel
polymer electrolyte having a goocd film formability of an electrolyte.

Other objects and advantages of this invention will be apparent from

~ the ensuing disclosure and appended claims.

Summary of the Invention

A gel polymer electrolyte according to the present invention
comprises a polymer selected from the group consisting of vinyl acetate
copolymer, poly(ethvlene/vinylacetate/carbon oxide: EVACM), and
poly(ethylene/vinylacetate/maleic acid anhydride: EVAMA); an inorganic
filler; and a liquid electrolyte that a lithium salt is dissolved 1n an

aprotic solvent.

The vinyl acetate copolymer is represented as the following

formula (I):

| R H
' | |
*{CHz—*CH CHz‘“C)*
| /' m | /n
Ro O
|

C=0
|
CHs

(I)
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O
wherein R, is H or CH;, R, is -C-0O-alkyl (alkyl is methyl,
ethyl, propyl, isopropyl or butyl) or l-pyrrolidone, m and n
are mol % ratio with the range of 5-0-99 : 1-50.
The polymer selected from the group consisting of a
copolymer (ethylene/vinyl acetate), poly (ethylene/vinyl
acetate/carbon monoxide: EVACM), and poly(ethylene/vinyl

acetate/maleic acid anhydride: EVAMA) is represented as the
following formula (II):

H |
|
‘(CHZ—CH’_’H CH->—C A)’
X | ;y E 2 (1)
O
|

C=0
|
CHs;
7
J
wherein A is carbonyl (-C-) or maleic anhydride(-CH,-CH,-)and x:
Lo -
Y/ N
O O

y : zZ are weight % ratio with the range of 60-90: 10-40: 0-20.

A liquid electrolyte used in preparation of the gel
polymer electrolyte 1s composed of a lithium salt and an
aprotic solvent. The lithium salt is selected from the group
consisting of lithium perchlorate (LiCIO,), lithium
tetrafluoroborate (LiBF,), lithium hexafluorophosphate (LiPF,),
lithium trifluoromethanesulfonate (LiCF,S0,), lithium

trifluoromethanesul fonamide (LiN(CF,;S0,),), and a mixture
thereof.
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An aprotic solvent 1s selected from the group consisting
of butylene carbonate, propylene carbonate, ethylene
carbonate, dimethyl carbonate, diethyl carbonate, sulforane,
methyl sulforane, dimethyl ethane, y -butylolactone, and a
mixture thereof.

The polymer is used after it i1s completely dissolved in
tetrahydrofuran which is an organic solvent before the polymer
1s prepared.

A surface-treated powder of inorganic material such as
silica, alumina, etc. can be added to the gel polymer
electrolyte in order to improve the mechanical strength and
alleviate the crystalline area.

It is preferable that the polymer material in a gel
polymer electrolyte according to the present invention is 1in
the range of 20 to 30% by weight, the i1norganic material
filler is in the range of 5 to 20% by weight, and the liquid
electrolyte 1s 1n the range of 60 to 80% by weight.

As a specific functional group which has a high
compatibility with a liquid electrolyte in the present
invention is contained in the polymer material, a lithium ion
becomes to move with ease in electrolyte, and the ionic
conductivity is over 0.5 mS/cm which is the demand level of a
gel polymer electrolyte. Also, 1t provides the gel polymer
electrolyte material with a high film formability, a good
property of contalining an electrolyte, a good adhesibility,
and a good mechanical strength.

Brief Description of the Drawings

The present invention will be described with reference to
the accompanying drawings of which:

Fig. 1 is a charge/discharge profile that gel polymer
electrolytes prepared using polymer matrix No. 1 are applied
to a cell composed of lithium metal oxide composite
cathode/gel polymer electrolytes/lithium metal in accordance
with the Examples of the present invention; and

Fig. 2 is a charge/discharge profile that gel polymer
electrolytes prepared using polymer matrix No. 1 are applied
to a cell composed of lithium metal oxide composite
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cathode/gel polymer electrolytes/carbon anode in accordance
with the Examples of the present invention.

Detailed Description of the Invention

The present invention relates to polymer materials in use
of a gel polymer electrolyte which has a high film
formability, and a good mechanical strength, and an excellent
adhesive property with surface of positive and negative
electrodes.

Because the adhesibility between the surface of cathode
and anode and keeping ability of organic electrolytes in the
polymer matrix are related to content of a polar group and
strength of polarity in molecular chain of polymer, in case of
containing vinyl acetate repeating unit having a high polarity
in the matrix materials, it is possible to solve the leaking
problem of liquid electrolytes and improve the ionic
conductivity of polymer, therefore, the polymer of the present
invention is become to be developed.

The polymers developed in the present invention are
poly(vinyl acetate), poly(ethylene/vinyl acetate), poly
(ethylene/vinyl acetate/carbon monoxide), and poly
(ethylene/vinyl acetate/maleic acid anhydride) .

The poly(vinyl acetate) copolymers are represented as the
following formula (I):

R, .
~<?Eh“i35}———4£(33f“j)“
R " 0
 ceo

|
CHs3;

(I)

O
i

wherein R, 1s H or CH,, R, is -C-0-alkyl (alkyl is methyl,
ethyl, propyl, isopropyl or butyl) or 1l-pyrrolidone, m and n
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are mol % ratio with the range of 50-99 : 1-50.

The another polymer according to the present invention is
selected from the group consisting of a
copolymer (ethylene/vinyl acetate), poly(ethylene/vinyl
acetate/carbon monoxide: EVACM), and poly(ethylene/vinyl
acetate/maleic acid anhydride: EVAMA), which 1s represented as
the following formula (II):

H
CH.,—CHoz CH,—C JA)—
- X ‘ v ‘£ ()
O
|

C=0
|
CHs

O
if

wherein A is carbonyl (-C-) or maleic anhydride(-CH,-CH,-) and
N
5 o
X :y : z are weight % ratio with the range of 60-90: 10-40:
0-20.

The present invention provides a polymer made by
introducing a vinyl acetate repeating unit to the polymer so
as to have polarity strength which is suitable to containing a
liquid organic electrolytes in molecule. That 1is, the gel
polymer electrolyte according to the invention is a polymer
electrolyte suitable to a lithium polymer secondary cell by
mixing an organic electrolyte containing lithium ion and an
inorganic material such as surface-silanized silica with the
copolymer or polymer illustrated in formula (I) and formula
(II) in molecule.

The copolymer of vinyl acetate invented in this work 1is
prepared by emulsion polymerization of each monomer. First, in
a four-neck round bottom flask setting up the mechanical
stirrer, temperature controller, nitrogen supply line, and
cooling tube, distilled
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water 1S added and nitrogen gas 1s supplied to fill the nitrogen in the
flask. In the flask, sodium dodesvlisulfonate as a emulsion agent,
potassium persulfuric acid, acrvlate, and vinyvl acetate monomer are
added. After the mixture 1s stirred sufficiently, the temperature in the
flask is fitted to 60°C. After the polvmerization reaction continues for
12 hours, the mixture is added to the aqueous solution of aluminum
sulfuric acid. The mixture 1s filtered, washed several times with the
distilled water of R0°C to remove the emulsion agent and aluminum
sulfuric acid, and then washed with alcohol to remove the unreacted
monomer. To punifv the crude gel polymer, it is dissolved in acetone
and distilled again. After the purified polymer i1s dried, the final
polv(acrvlate/vinyl acetate) 1s obtained. While, the polymers of family
of vinyl acetate/vinv!l pvrrolidone and ethylene/vinyl acetate used in the
present invention are available from Aldrich Co. 1n U.S.A..

The molecular weight of the polymer 1s 1n the range of 50,000 to
1,000,000, more preferably in the range of 100,000 to 800,000 and the
most preferable molecular weight is in the range 200,000 to 500,000. In
case that the molecular weight is in excess of 1,000,000, there 1s
difficulty in the preparation of the polvmer solution in use of a solid
electrolyvte because dissolution ability of the polymer to the solvent is
diminished.

By introducing acryvlate, pvrrolidone, carbon monoxide, maleic acid
anhyvdride, or a mixture thereof as well as vinyl acetate group to the
polymer to improve the interaction between the polymer and the solvent
for electrolvte, the polvmer can contain more electrolyte. Therefore, the
ionic conductivity of a gel polvmer electrolvte can be improved over 0.0
mS/cm by movement of metal ion such as lithium through the solvent
contained 1n the polymer.

The polvmer material of the present invention i1s applied to a gel
polymer electrolyte in use of a lithium polymer secondary cell, especially
complex polymer electrolvte prepared by mixing the polymer material, a
liquid organic electrolyte which a metal salt 1s dissolved in an aprotic

solvent, and inorganic filler. The complex polymer electrolyte shows a
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high film formability, a good property of containing an
electrolyte, a good adhesibility between surface of the
cathode and anode, and a high ionic conductivity over 0.5
mS/cm.

The aprotic solvent used when the complex polymer
electrolyte i1is prepared using the polymer material of the
present invention 1s selected from the group consisting of
butylene carbonate, propylene carbonate, ethylene carbonate,
dimethyl carbonate, diethyl carbonate, sulforane, methyl
sulforane, dimethyl ethane, y-butyrolactone, and a mixture
thereof. A lithium salt dissolved 1n an aprotic solvent 1is
selected from the group consisting of lithium perchlorate
(LiC10,), lithium tetrafluoroborate (LiBF,), lithium
hexafluorophosphate (LiPFy,), lithiumtrifluoromethanesulfonate
(L1iCF;S05), lithium trifluoromethanesulfonamide (LiN(CF3S0,),),
and a mixture thereof.

A surface-treated powder of inorganic material such as
silica, alumina, etc. can be added to the gel polymer
electrolyte 1n order to improve the mechanical strength and
alleviate the high recharged area.

By introducing the specific functional group in the side
chains of the polymer to the polymer material to improve the
interaction between the polymer and the solvent for
electrolyte, the polymer of the present invention can contain
more electrolyte. Therefore, the 1onic conductivity of a gel
polymer electrolyte can be improved over 0.5 mS/cm by movement
of metal i1on such as lithium through the solvent contained in
the polymer. Also, a polymer electrolyte having a high film
formability, a good property of containing an electrolyte, a
good adhesibility between surface of the cathode and anode,
and a good mechanical strength can be obtained in the present
invention.

The present invention may be better understood by
reference to the following examples which are intended for
purposes of illustration and are not to be confined as in any
way limiting the scope of the present invention, which 1is
defined in the claims appended hereto.
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Examples 1-3

After 15% by weight of copolymer (acrylate/vinyl acetate)

and vinyl pyrrolidone/copolymer (vinyl acetate) of the formula

5 (I) were respectively dissolved in tetrahydrofuran, gel
polymer electrolytes were prepared by mixing with an inorganic
material and an electrolyte. The ratio of composition was
shown in Table 1. The ionic conductivity of copolymer was
obtained using the followling equation with resistance measured

10 according to movement of lithium ion using IM6™ which is an
impedance measuring apparatus. The value of ionic
conductivities were shown in Table 2.

Thickness (um)
15 Conductivity = ——m—m—m8 — e o [S/cm]
Resistance ( Q) x Area (cm®)

The matrix polymer of Examples 1-2 are polymers that R, is
H and R, 1is -COOCH; in the formula (I) and the matrix polymer
20 of Example 3 1s polymer that R, is H and R, is 1l-pyrrolidone in
the formula (I).

Table 1
Matrix Polymer V_i-ny'l Acetate Mol% of Second Component
Example Number = e ———————
- _ % _(Ro=COOCHz) (Ro=1-pvrrolidone)
1 ] 2.31 94 .69 =
2 2 10.30 89.70 -

3 3 000 1980 _ - 5020
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Table 2
Example Gel Matrix Matrix Silica 1M LiClOs Conductivity
Electrolvte Polymer  Polvmer in EC/PC(1:1)
Number Number
wtd% wt% wt2% 'mS/cm]|
1 1 1 20 20 60 1.36
2 % 2 20 20 60 2.03
3 3 3 15 20 60 0.89
Example 4

Gel electrolvtes were prepared using the matrix polymer number of
the Example 1 in the same method as described in Example 1 except
for inorganic filling agent in gel electrolyté component. Transparent gel
electrolvtes in thickness of the range 30-120 /m were obtained by the
method that gel electrolyte component slurry was casted with a casting
knife in thickness of 800 um on release paper and dried for 2 hours.
After ionic conductivity was measured with an impedance measuring

apparatus, the results was shown in Table 3. Also, the properties ot

conductivities of gel electrolytes were shown in Table 3.

Table 3
Example  Gel  Matrix  Silica 1M LiClOs Thickness Conductivity
Electrolyte Polvmer in EC/PC(1:1)
~Number part __part part _ [ym] [mS/cm]
da 4 4 1 12 | 110 3.43
4b > 4 2 12 92 2.38
4c 6 4 3 12 105 1.80
Example 5

Gel electrolytes were prepared using the matrix polymer number of
the Example 1 in the same method as described in Examples 1 & 4

except for % weight of each composition in gel electrolyte components
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(referred to Table 4). The conductivity was obtained from measurement
of impedance of the prepared gel electrolyte (referred to Table 5).

When impedance was measured according to the change of temperature,
the test was performed after gel electrolytes were set at least over 30

minutes.

Table 4
Example Gel Electrolyte Matnx Polvmer  Silica 1M LiClO4 in EC/PC(1:1)
] Number Wt 2% wt%6 wt2%
Da 7 15 10 75
ob 3 21 14 6o
OC 9 27 13 00
Table 5
Example (el Electrolyvte | Conductivity [mS/ cm}‘
Number —_————————
5C 25C 457C 65C
oa 7 0.90 1.89 2.42 3.24
ob 8 0.83 1.14 1.58 1.89
oC 9 0.33 0.72 0.98 1.16

The gel electrolytes had a good property of conductivity W{hich
could be used in a lithium polymer secondary cell because the 1onic
conductivities of all of the gel electrolytes were over 1 mS/cm in the
Example 1-5. Also, in case of the gel electrolytes components used
copolymer of methyl metacrylate/vinyl acetate as a polymer matrix, the
ogel electrolytes prepared in composition which the content of electrolyte
was over 60% weight were shown the high property of conductivity

over 1 mS/cm at room temperature.
Examples 6-9

Gel electrolytes were prepared using the composition consisted of

matrix polymer number, inorganic filling agent, and electrolyte in the
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formula (II) (referred to Table 6). After the matrix polymer was
completely dissolved in tetrahydrofuran of sealed container at 30°C and
surface—-treated silica was added, it was vigorously mixed for o hours.
To the mixture, electrolyte was added and the mixture was mixed 1
more hour, and then gel electrolyte composition slurry was prepared.
After air bubble in the prepared slurry was completely removed in the
condition of 50°C, the slurry was casted on the release paper in
thickness of 800 um and dried. The conductivity of the prepared gel
electrolyte was measured in the same method of the Example 1

(referred to Table 7).

Table 6
Example Matnx Polymer X y Z, Wt
Number —
, wt%  wt%  Carbon monoxide Maleic anhvdride
6 4 60.00 40.00 - =
7 5 66.00 24.00 10.00 -
3 6 63.00 23.00 9.00 -
9 7 81.25 18.00 ~ 0.75
Table 7
Example Gel Matrix Matrix  Silica 1M LiClOs Conductivity
Electrolyte Polymer Polymer in EC/PC(1:1)
, Number  Number wt% w196 wt% [mS/cm]
ba 10 4 22.0 11.0 67.0 0.63
6b 11 4 19.0 14.0 67.0 1.79
7 12 $ 26.6 6.7 66.7 0.63
8 13 6 26.6 6.7 66.7 0.75
9 14 7 250 10.0 63.0 0.62

In case of the gel electrolytes 10-14, they showed the conductivity
over 0.5 mS/cm, especially the ethylene unit partially contained in the
structure of matrix polymer was locally phase-separated with electrolyte,
and it is believed that the gel electrolytes play a role in extending the

movement space of lithium ion in gel electrolyte.
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Electrochemical Stability Test

The cell for measurement of electrochemical stability was
prepared by the method that gel electrolyte was cut to 2 cm by
2 cm, sandwiched between stainless working electrode and
lithium metal reference electrode, and then vacuum-sealed. The
electrochemical stability was measured up to 3.0-5.5V at a
velocity of 5 mV/sec using the method of a linear sweep
voltammetry. The results were shown in Table 8. Because the
electrolytes were stable until the voltage was up to 4.8V, the

electrochemical stability was enough to be a gel polymer
electrolyte in use of a lithium polymer secondary cell.

Table 8
Example Gel Electrolyte Anodic Potential Limit of Stability
J nner V V | ‘
Da 8 4.85
ole 1 | 4 97

Example 10

The unit cell was composed of a lithium metal oxide complex
electrode/polymer gel electrolyte/lithium metal with polymer
gel electrolytes prepared by using the matrix polymer No. 1
showing high conductivity of over 1 mS/cm regardless of gel
electrolytes composition in Example 1-4. LiMn,0, from FMC in
U.S.A. and lithium metal from Cyprus Co. were used as
electrode materials. The composition of the complex of
positive electrode of a lithium metal oxide was shown in Table

9.
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Table 9
Cathode Composition
Component (weight-percent)
LiMn204 43.6
Carbon 6.8
Polymer Electrolyte 49.6

(12.1 w/o0 matrix polymer No.l
879 w/o 1M LiCIOs4 1n
EC/DMC(1:1 by vol%))

*+ Five times of tetrahydrofuran to solid component was used as

a solvent.

The positive electrode was prepared In dry box by the method that
a lithium metal oxide, carbon and 3@ zirconia ball were added to the
solution which polymer gel electrolyte was dissolved in tetrahydrofuran,
and slurry prepared by ball-milling was casted on aluminmium foil n

thickness of 500 um, and then dried for 2 hours.

The unit cell consisted of lithium metal oxide complex positive
electrode/polymer gel electrode/lithium metal was prepared. Th
charge/discharge apparatus of TOYO Co. in Japan was used for the
measurement of the rechargeable property of the cell. The"
charge/discharge of the prepared unit cell in Fig. 1 was performed with
the positive current in the range of 3-4.3V and 0.075mAh/cm® of the
current density. The calculated capacity of the cell was 128 mAh/g
under the standard of weight of active maternals.

Also, after the negative electrode was prepared by using carbon,
the charge/discharge property was evaluated. The composition of the
used negative electrode was shown in Table 10. The polymer gel
electrolytes were prepared by using the electrolyte which was prepared
to 18.37/10.20/71.43 weight % as the ratio of the composition of
electrolyte matrix polymer No. 1/silica/1M LiClO4 in EC/GBL(1:1 by
vol%) using matrix polymer No. 1. MCMB 2528 ™ of Osaka Gas Co. 1in

Japan was used for carbon in use of the negative electrode. The
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preparation method of the positive and negative electrode and the cell

are the same as the above.

Table 10
Electrode MCMB2528 LiMn20Os Super-P  Matnx 1M LiClOq
Polvmer No.l in EC/GBL(1:1)
wt% wt% wt2% wt% wt2%
Cathode - 48.2 7.6 6.4 37.8
Anode 40.4 = 1. I 44,2

+ Five times of tetrahvdrofuran to solid component was used as

a solvent.

The change of the capacity property according to the number of
recharging 1n the condition of the prepared 5 hours rechargeable ratio,
especially the recharging profile in the range of the number of 55-60
was shown in Fig. 2. In the result of recharging up to the number of
55-60; the cell showed a good charge/discharge property and the
decrease depending on the cycle of the cell capacity of 2.6 mAh was not
so large.

Having described this invention, however, many modifications
thereto will become apparent to those skilled in the art to which 1t
pertains without deviation from the spirit of the invention as defined by

the scope of the appended claims.
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Claims:

1. A copolymer for use as gel polymer electrolyte component of a

lithium secondary cell, which is represented as the following formula

H
|
CH;—CHo= CH;—C A}
, | /y ; (1)
1

CHaz

(II) :

(-CHa2 -in-')
0 7N

wherein A is carbonyl (—~C-) or maleic anhydride O andx:y:zare
weight % ratio with the range of 60-90 : 10-40 : 0-20.

2. A copolymer according to claim 1 wherein said copolymer has a

weight average molecular weight in the range of 50,000-1,000,000.

3. A copolymer according to claim 2 wherein said copolymer has a

weight average molecular weight in the range of 100,000-800,000.

4. A copolymer according to claim 3 wherein said copolymer has a

weight average molecular weight in the range of 200,000-500,000.

5. A gel polymer electrolyte composition for use in a lithium
secondary cell, which comprises:

20-30% by weight of‘a copolymer which is represented by the
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following formula (I):

YT
‘(CH?.‘“"C H CHz—C)'

I m ' n

R2 (|)

CHs

(1)

O
wherein R, is H or CH;; R, is l-pyrrolidone or -'C|-O-a1ky1, where alkyl
is methyl, ethyl, propyl, isopropyl or butyl; and m and n are mol%
ratio with the range of 50-99 : 1-50;
5-20% by weight of an inorganic filler; and

60-75% by weight of an electrolyte solution which a lithium salt \

is dissolved in an aprotic solvent.

6. A gel polymer electrolyte composition according to claim 5

wherein said inorganic filler is silca or alumina.

7. A gel polymer electrolyte composition according to claim 5
wherein said lithium salt is selected from the group consisting of
lithium perchlorate (LiCl0,), lithium tetraflouroborate (LiBF,),
lithium hexafluorophosphate (LiPF.), lithiumtrifluoromethanesulfonate

(LiCF3;S80;), lithium trifluoromethanesulfonamide (LiN(CF,S0,),), and

mixtures thereof.

8. A gel polymer electrolyte composition accox_'ding to claim 7 wherein
said aprotic solvent is selected from the group consisting of
butylene carbonate, propylene carbonate, ethylene carbonate, dimethyl
carbonate, diethyl carbonate, sulfolane, methyl sulfolane, dimethyl

ethane, y-butyrolactone, and mixtures thereof.

9. A gel polymer electrolyte composition for use in a lithium
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secondary cell, which comprises:

20-30% by weight of a copolymer according to claim 1;

5-20% by weight of an inorganic filler; and

60-75% by weight of an electrolyte solution in which a lithium

salt is dissolved in an aprotic solvent.

10. A gel polymer electrolyte composition according to claim 9

wherein said inorganic filler is silica or alumina.

11. A gel polymer electrolyte composition according to claim 9
wherein said lithium salt is selected from the group consisting of
lithium perchlorate (LiCl0,), lithium tetrafluorobate (LiBF,), lithium
hexafluorophosphate (LiPF;), lilthiumtrifluoromethanesulfonate

(LiCF.;S0,), lithium trifluoromethanesulfonamide (LiN(CF;S0,),), and

mixtures thereof.

12. A gel polymer electrolyte composition according to claim 11
wherein said aprotic solvent is selected from the group consisting of
butylene carbonate, propylene carbonate, ethylene carbonate, dimethyl
carbonate, diethyl carbonate, sulfolane, methyl sulfolane, dimethyl

ethane, y-butyrolactone, and mixtures thereof.

13. A lithium polymer secondary cell which is prepared by using a

gel polymer electrolyte according to any one of claims 4 to 12.
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