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A nonagueous electrolyte battery using titanium oxide or lithium titanate as a negative electrode material of a negative electrode,
wherein a polymer electrolyte Is provided between the negative electrode and a positive electrode. By thus using titanium oxide or
ithium titanate as the negative electrode material of the negative electrode and providing the polymer electrolyte between the
negative electrode and the positive electrode, the polymer electrolyte Is less likely reduced and decomposed by a catalytic action of
titanium oxide or lithium titanate, and lowering of charge and discharge efficiency as Iin the case where a nonagueous electrolyte
solution Is used Is restrained. Thus, a nonaqueous electrolyte battery having high charge and discharge efficiency Is provided.
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A nonaqueous ¢lectrolyte battery using
titanium oxide or lithium titanate as a negative

electrode material of a negative electrode, 1 3

! wherein a polymer electrolyte 1s provided

AL Wt 7%

lithium titanate as the negative c¢lectrode :0:": W 0’0’0‘ |
material of the negative electrode and 6 XY@ RS e S e e Rl - 6
providing the polymer electroly.tff between the \\ \\\\\\\\\\\\\\\\ b.é"lg‘

e s o ot T

and decomposed by a catalytic action of 4

l titanium oxide or lithium titanate, and lowering

of charge and discharge efficiency as in the 5 2

case where a nonaqueous electrolyte solution 1s
used 1is restrained. Thus, a nonaqueous |
| electrolyte battery having high charge and discharge efficiency is provided.
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DESCRIPTION

NON-AQUEOUS ELECTROLYTE BATTERY AND CHARGING METHOD

THEREFOR

Technical Field

The present invention relates generally to a non-
aqueous electrolyte battery including a positive electrode,
a negative electrode, and a non-aqueous electrolyte. More
particularly, the invention relates to a non-aqueous
electrolyte battery and a charging method therefor
characterized in that where titanium oxide or lithium
titanate is used as a negative electrode material for
negative electrode, a charge current 1i1s prevented from
being partially consumed for the decomposition of the non-
aqueous electrolyte thereby to ensure a high

charge/discharge efficiency.

Background Art

Recently, as one type of advanced batteries
featuring high power and high enerqgy density, non-aqueous
electrolyte batteries of high electromotive force have been
used. The non-aqueous electrolyte battery utilizes the

non-aqueous electrolyte, such as a non-aqueous electrolyte
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solution, and a process of oxidation and reduction'of
lithium or the like.

Such a non-aqueous electrolyte battery has generally
employed, as the negative electrode material for negative
electrode, metallic lithium, lithium alloys such as a Li-Al
alloy, a carbon material capable of
intercalating/deintercalating lithium.

One problem encountered with the use of metallic
lithium as the negative electrode material for negative
electrode is that charging/discharging of the battery
results in lithium dendrite growth on the negative
electrode surface.

Where the lithium alloy such as Li-Al alloy 1s used
as the negative electrode material for negative electrode,
the dendrite growth does not occur. However, a low
flexibility of the lithium alloy makes it difficult to
fabricate a cylindrical battery wherein the negative
electrode and the positive electrode, with a separator
interposed therebetween, are wound into a roll.

Where the lithium alloy 1s used 1n a powdery form, a
high reactivity of the lithium alloy results i1n a problem
of difficult handling thereof. 1In addition, when a
charge/discharge process is performed with such a lithium
alloy used as the negative electrode, the charge/discharge

process induces expansion/contraction of the lithium alloy,
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which produces a stress within the lithium alloy. This
leads to another problem that the repeating of such
charge/discharge processes causes destruction of the
lithium alloy, resulting in capacity decline.

Where, on the other hand, the carbon material 1is
used as the negative electrode material for negative
electrode, the charge/discharge process causes less
expansion/contraction of the carbon material than in the
aforesaid case where the lithium alloy 1s used. However,
some problems exist that the capacity of the carbon
material is small than that of the lithium alloy and the
initial charge/discharge efficiency is low.

Recently, there has been proposed, as in JP, 6-
275263, A, the non-aqueous electrolyte battery which uses
titanium oxide or lithium titanate as the negative
electrode material for negative electrode together with a
non-aqueous electrolyte solution, as the non-aqueous
electrolyte, which solution is prepared by dissolving a
lithium salt into a non-aqueous solvent.

Unfortunately, where titanium oxide or lithium
titanate is used for the negative electrode 1n combination
with the non-aqueous electrolyte solution prepared by
dissolving the lithium salt into the non-aqueous solvent, a
problem exists that the non-aqueous electrolyte solution 1is

decomposed by a catalytic reduction induced by titanium
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oxide or lithium titanate contained in the negative
electrode while the charge current is partially consumed
for the decomposition of this non-aqueous electrolyte
solution and hence, the charge/discharge efficiency 1is
lowered.

In view of the foregoing, the invention 1s directed
to solve the aforementioned problem encountered with the
use of titanium oxide or lithium titanate as the negative
electrode material for use in the negative electrode of the
non-agqueous electrolyte battery including the positive
electrode, the negative electrode and the non-aqueous
electrolyte. An object of the invention is to provide a
non-aqueous electrolyte battery which ensures a high
charge/discharge efficiency by preventing the non-aqueous
electrolyte from being decomposed by the catalytic
reduction induced by titanium oxide or lithium titanate

used for the negative electrode.

Disclosure of Invention

In accordance with the invention, a non-aqueous
electrolyte battery using titanium oxide or lithium
titanate as a negative electrode material for use 1n a
negative electrode thereof 1s characterized 1n that a

polymeric electrolyte is interposed between the negative

electrode and a positive electrode.
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If, as suggested by the invention, the polymeric
electrolyte is interposed between the negative electrode
and the positive electrode of the non-aqueous electrolyte
battery using titanium oxide or lithium titanate as the
negative electrode material for negative electrode, the
polymeric electrolyte is less liable to be decomposed by
the catalytic reduction induced by titanium oxide or
lithium titanate in comparison with the conventional non-
aqueous electrolyte solution. This avolids the problem
suffered by the conventional non-aqueous electrolyte
battery that the charge current is partially consumed for
the decomposition of the non-aqueous electrolyte solution
so as to lower the charge/discharge efficiency. Thus, the
non-aqueous electrolyte battery featuring the high
charge/discharge efficiency is provided.

It is to be noted here that the known titanium oxide
and lithium titanate may be used as the negative electrode
material for negative electrode. Examples of a usable
negative electrode material include a rutile-type titanium
oxide, an anatase-type titanium oxide, a spinel-type
lithium titanate and the like. Above all, particularly
preferred is the spinel-type lithium titanate featuring a
layered structure, easy insertion/desertion of lithium 1ions

and high charge/discharge efficiency.
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In the non-agueous electrolyte battery of the
invention, the known positive electrode materials capable
of intercalating/deintercalating lithium ions may be used
as the positive electrode material for positive electrode.

Examples of a usable positive electrode material 1include

lithium-transition metal compound oxides contalning at
least one of manganese, cobalt, nickel, iron, vanadium and
niobium. Above all, particularly preferred 1s manganese
oxide containing lithium, which 1s less susceptible to 1ion
deposition on titanium oxide or lithium titanate used for
the negative electrode.

Where manganese oxide containing lithium 1s used as
the positive electrode material, LiMnO, 1s preferably used
for the purpose of easy fabrication of the battery whereas
manganese dioxide containing L1i,MnO, 1s preferably used for
the purpose of increasing the battery capacity. The
aforesaid manganese dioxide containing Li,MnO, may be
obtained by heat-treating a mixture containing a lithium
salt, such as lithium hydroxide, lithium nitrate, lithium

phosphate, lithium carbonate, lithium acetate and the like,

and manganese dioxide at temperatures 1n the range of

between 300°C and 430°C. The reason why the temperature

for the heat treatment 1is limited within the range of

between 300°C and 430°C is because Li,MnO, is not preferably

generated at temperatures of less than 300°C whereas the
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decomposition of manganese dioxide takes place at
temperatures of more than 430°C.

In the non-aqueous electrolyte battery according to
the invention, the known polymeric electrolyte generally
used in the art may be interposed between the positive
electrode and the negative electrode. Examples of a usable
polymeric electrolyte include polyethylene oxide,
polypropylene oxide, cross-linked polyethylene glycol
diacrylate, cross-linked polypropylene glycol diacrylate,
cross-~-linked polyethylene glycol methyl ether acrylate,

cross-linked polypropylene glycol methyl ether acrylate and

the like.

Exemplary solutes to be added to the polymeric
electrolyte include the known solutes generally used in the
art, such as lithium compounds like lithium
trifluoromethanesulfonate LiCF,S0O,, lithium
hexafluorophosphate LiPF,, lithium perchlorate LiCl0,,
lithium tetrafluoroborate LiBF,, lithium
trifluoromethanesul fonimide LiN(CF,S0,),.

When any one of the above solutes 1s added to the
polymeric electrolyte, the solute dissolved in a solvent
may be added. Exemplary solvents to be used include
organic solvents such as propylene carbonate, ethylene

carbonate, y-butyrolactone, butylene carbonate, 1,2-

dimethoxyethane, dimethyl carbonate, diethyl carbonate and
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the like. These solvents may be used alone or 1n
combination of two or more types.

In the non-aqueous electrolyte battery according to
the invention uses titanium oxide or lithium titanate for
the negative electrode together with the aforesaid
polymeric electrolyte as the non-aqueous electrolyte, as
described above, the battery suffers less decomposition of
the polymeric electrolyte not only in the normal charging
process but also in such a charging process as uses a solar
cell supplying high and unstable charge voltage. Thus, a

sufficient charging 1s ensured even when the solar cell 1is

used.

Brief Description of Drawings

Fig.l 1is a schematic sectional view showlng a
construction of a non-agueous electrolyte battery according
to examples of the invention and comparative examples

hereof.

Best Mode for Carrying Out the Invention

The non-aqueous electrolyte batteries according to
the invention will be described in detail by way of
examples hereof. Further, with reference to comparative

examples, an explanation will be given to clarify that the

non-aqueous electrolyte batteries of the invention achieve
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high charge/discharge efficiencies. It 1s to be understood
that the non-aqueous electrolyte battery of the invention
should not be limited to the following examples but changes
and modifications may be made without departing from the
scope of the invention.

(Example 1)

In a non-aqueous electrolyte battery of Example 1,
there were used a negative electrode, a positive electrode
and a polymeric electrolyte, which were prepared 1n the
following manner, thereby to fabricate a flat coin-type
non-aqueous electrolyte battery having a thickness of 1mm
and a diameter of 20mm, as shown 1in Fig.l.

Preparation of Positive Electrode

In the preparation of the positive electrode,
powdery LiMnO, was used as the positive electrode material.
Powdery LiMnO,, carbon as a conductive material and
polytetrafluoroethylene as a binder were mixed together 1in
a weight ratio of 90:6:4 so as to obtain a positive
electrode mixture. The positive electrode mixture was
subject to press-molding thereby to form a disk-like
positive electrode.

Preparation of Negative Electrode

In the preparation of the negative electrode,

powdery spinel-type lithium titanate Li,Ti1i.0,, was used as

the negative electrode material. Powdery L1i,Ti0,,, powdery
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carbon as the conductive material, and powdery
polytetrafluoroethylene as the binder were mixed together
in a weight ratio of 90:6:4 so as to obtain a negative
electrode mixture. The negative electrode mixture was
press-molded thereby to form a disk-like negative
electrode.
Preparation of Polymeric Electrolyte

In the preparation of the polymeric electrolyte,
polyethylene oxide (PEO) was heated to be melted, after
which LiPF, was added in a concentration of 1 mol/l. The
resultant mixture liquid was cured thereby to obtailn a
disk-like polymeric electrolyte.
Fabrication of Battery

In the fabrication of the battery, the positive
electrode 1 thus prepared was attached to a positive
electrode case 3 while the negative electrode 2 was
attached to a negative electrode case 4. The aforesaid
polymeric electrolyte 5 was sandwiched between the positive
electrode 1 and the negative electrode 2 while the
aforesaid positive electrode case 3 and negative electrode
case 4 were electrically insulated from each other by an
insulation packing 6. Thus, the coin-type non-aqueous

electrolyte battery was obtained, as shown 1in Fig.l.

(Example 2)

10
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In Example 2, the non-aqueous electrolyte battery
was fabricated in the same manner as 1n the above Example
1, except for that rutile-type titanium oxide Ti0, was used
as the negative electrode material for negative electrode,
as shown in the following table 1.

(Example 3)

In Example 3, the non-aqueous electrolyte battery
was fabricated in the same manner as in the above Example
1, except for that anatase-type titanium oxide TiO, was
used as the negative electrode material for negative
electrode, as shown in the following table 1.

(Example 4)

In Example 4, the non-aqueous electrolyte battery
was fabricated in the same manner as 1n the above Example
1, except for that powdery LiCoO, was used as the positive
electrode material for positive electrode, as shown 1in the
following table 1.

(Example 5)

In Example 5, the positive electrode was prepared 1n
the following manner. Manganese dioxide and lithium
hydroxide, each having a mean particle size of not more

than 30um, were mixed in a weight ratio of 80:20 1n a

mortar. Subsequently, the resultant mixture was heat-

treated in air at a temperature of 375°C for 20 hours

thereby to obtain manganese dioxide containing L1i,MnoO,.

11
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Next, the resultant manganese dioxide containing
Li,MnO, was used as the positive electrode material for
preparing the positive electrode in the same manner as 1in
the above Example 1. Subsequently, using a lithium metal
as a counter electrode for this positive electrode, the
positive electrode was discharged to 2.2V (vs.Li/Li") at a
constant potential in an electrolyte solution obtained by
adding 1 mol/l1 LiPF, to a mixture solvent containing
ethylene carbonate and diethyl carbonate in a volume ratio
of 1:1.

In this example, the positive electrode thus
discharged at the constant potential was used. On the
other hand, as shown in the following table 1, the same
spinel-type lithium titanate Li,Ti.0,, as in Example 1 was
used as the negative electrode material. The non-aqueous

electrolyte battery of this example was fabricated in the

same manner as 1n the above Example 1.
(Example 6)

In Example 6, similarly to the above Example 5, used
was the positive electrode which was prepared by using, as
the positive electrode material, manganese dioxide
containing Li,MnO; shown in the following table 1 and which
was discharged to 2.2V(vs.Li/Li") at the constant potential
as described above. On the other hand, the same rutile-

type titanium oxide T10, as 1n the above Example 2 was used

12
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as the negative electrode material. Except for these, the
same procedure as in the above Example 1 was taken to

fabricate the non-agqueous electrolyte battery.

(Example 7)

In Example 7, similarly to the above Example 5, used
was the positive electrode which was prepared by using, as
the positive electrode material, manganese dioxide
containing Li,MnO, shown in the following table 1 and which
was discharged to 2.2V(vs.Li/Li") at the constant
potential. On the other hand, the same anatase-type
titanium oxide TiO, as 1n the above Example 3 was used as
the negative electrode material. Except for these, the
same procedure as 1n the above Example 1 was taken to
fabricate the non-aqueous electrolyte battery.

(Example 8)

In Example 8, spinel-type LiMn,0, shown in the
following table 1 was used as the positive electrode
material for preparing the positive electrode in the same
manner as in the above Example 1. Subsequently, using the
lithium metal as the counter electrode for this positive
electrode, the positive electrode was discharged to
2.2V(vs.Li/1li") at the constant potential in the
electrolyte solution which was prepared by adding 1 mol/l
LiPF, to the mixture solvent containing ethylene carbonate

and diethyl carbonate in a volume ratio of 1:1.

13
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In this example, the non-aqueous electrolyte battery
was fabricated in the same manner as 1in the above Example
1, except for that the positive electrode thus discharged
at the constant potential was used.

(Comparative Example 1)

In Comparative Example 1, the positive electrode and

the negative electrode were prepared in the same manner as

in the above Example 1. On the other hand, the aforesaid
polymeric electrolyte, as the non-aqueous electrolyte, was
replaced by a non-agqueous electrolyte solution which was
prepared by dissolving 1 mol/l LiPF, into a mixture solvent
containing ethylene carbonate (EC) and 1,2-dimethoxyethane

(DME) in a volume ratio of 1:1, as shown in the following

table 1.

Then, the non-aqueous electrolyte battery was
fabricated in the same manner as 1n the above Example 1,
except for that a separator formed of a polypropylene
porous film was interposed between the aforesaid positive
electrode and negative electrode and was 1mpregnated with
the aforesaid non-aqueous electrolyte solution.
(Comparative Example 2)

In Comparative Example 2, the non-aqueous
electrolyte battery was fabricated in the same manner as 1in

the above Example 1, except for that graphite was used as

14
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the negative electrode material for negative electrode, as
shown in the following table 1.
(Comparative Example 3)

In Comparative Example 3, the non-aqueous
electrolyte battery was fabricated in the same manner as 1n
the above Example 1, except for that powdery LiCoO, was
used as the positive electrode material for positive
electrode while graphite was used as the negative electrode
material for negative electrode, as shown 1n the following
table 1.

(Comparative Example 4)

In Comparative Example 4, the non-aqueous
electrolyte battery was fabricated in the same manner as 1in
the above Example 1, except for that powdery LiCoO, was
used as the positive electrode material for positive
electrode while manganese dioxide MnO, was used as the
negative electrode material for negative electrode, as
shown in the following table 1.

(Comparative Example 5)

In Comparative Example 5, used was the positive
electrode which was prepared by using, as the positive
electrode material, manganese dioxide containing L1i,MnoO,,
as shown in the following table 1, and which was discharged
to 2.2V (vs.Li/Li') at the constant potential. On the

other hand, there were used powdery spinel-type lithium

15
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titanate Li,Ti.0,, as the negative electrode material and
the non-aqueous electrolyte solution as the non-aqueous
electrolyte, similarly to the above Comparative Example 1,
and thus was fabricated the non-aqueous electrolyte

battery.

(Comparative Example 6)

In Comparative Example 6, similarly to the above
Example 5, there was used the positive electrode which was
prepared by using, as the positive electrode material,
manganese dioxide containing Li,MnO, shown in the following
table 1 and which was discharged to 2.2V (vs.Li/Li") at the
constant potential as described above. On the other hand,
the same graphite as 1n Comparative Example 2 was used as
the negative electrode material. Except for these, the
same procedure as 1n the above Example 1 was taken to
fabricate the non-agqueous electrolyte battery.

Next, each of the non-aqueous electrolyte batteries
of Examples 1 to 8 and of Comparative Examples 1 to 6 was
charged for 8 hours at a charge current of about 1mA/cm’
from a solar cell disposed outdoors and thereafter,
discharged at a discharge current of about 1mA/cm’ to a
level 0.3V lower than a mean battery voltage thereof.
Specifically, the non-aqueous electrolyte batteries of
Examples 1 to 3, 5 to 8 and of Comparative Examples 1, 5

were discharged to 1.2V. The non-aqueous electrolyte

16
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battery of Example 4 was discharged to 1.8V. The non-
aqueous electrolyte batteries of Comparative Examples 2,6
were discharged to 2.7V. The non-aqueous electrolyte
battery of Comparative Example 3 was discharged to 3.3V
whereas that of Comparative Example 4 was discharged to
0.3V. There were determined a quantity of electricity at
the charging of each battery and a quantity of electricity
at the discharging thereof, which gquantities were used 1n
the following equation for determination of a
charge/discharge efficiency. The results are shown 1in the
following table 1.

Charge/discharge efficiency(%)=(quantity of electricity at

discharging+quantity of electricity at charging)x1l00

17
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(Table 1)
Positive Negative Charge/
Electrode Electrode Electrolyte | Discharge

Material Material Efficiency

Example LiMnO: L14T1501: Polymer

Example LiMnoO: Rutile-~Ti0: Polymer

Example LiMnO: Anatase-T1i0: Polymer

Example L1CoO0: L14T1i501: Polymer

MnO: containing
L1:MnO;

MnO: containing
L,1-MnoOs

MnO: containing
L1:MnOs

Example L14T15012 Polymer

Example Rutile-TiO: Polymer

Example Anatase-T1i0: Polymer

Example LiMn:Oq Li4Ti5012 Polymer

Non-aqueous
Electrolyte
solution

Comparative

Example 1 LI1MnO: L14T 15012

Comparative

Example 2 L1MnO: Graphite

Polymer

Comparative

Example 3 L1Co0: Graphite

Polymer

Comparative

Example 4 L1Co0: MnO:

Polymer

Non-agueous
Electrolyte
solution

Comparative| MnO: containing
Example 5 L1i:MnO;

Comparative] MnO: containing
Example 6 Li:MnO:

L1i«T15012

Graphite Polymer

As apparent from the results, the non-aqueous
electrolyte batteries of Examples 1 to 8, which used
titanium oxide or lithium titanate as the negative
electrode material for negative electrode together with the

polymeric electrolyte as the non-aqueous electrolyte, have

18
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all achieved much greater improvement in the
charge/discharge efficiency than the non-aqueous
electrolyte batteries of Comparative Examples 1, 5 which
did not use the polymeric electrolyte and than the non-
aqueous electrolyte batteries of Comparative Examples 2 to
4, 6 which used graphite or manganese dioxide 1nstead of
titanium oxide or lithium titanate as the negative
electrode material for negative electrode.

As to the non-aqueous electrolyte batteries of
Comparative Examples 2 to 4, 6 which used graphite or
manganese dioxide for the negative electrode, 1t 1s
believed that even if the polymeric electrolyte was used as
the non-agueous electrolyte, the polymeric electrolyte
would be reduced by graphite or manganese dioxide to
decrease the charge/discharge efficiency.

According to a comparison among the non-aqueous
electrolyte batteries of Examples 1 to 8, a notable
increase in the charge/discharge efficiency was achieved by
the use of spinel-type lithium titanate Li,Ti.0,, as the
negative electrode material for negative electrode.
Additionally, the use of LiMnO, or manganese dioxide
containing Li,MnO, as the positive electrode material for
positive electrode also contributed to the increase 1in the
charge/discharge efficiency. The non-aqueous electrolyte

batteries of Examples 1 and 5, which used the negative

19
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electrode material of spinel-type lithium titanate L1,Ti.O,
in combination with the positive electrode material of
LiMnO, or manganese dioxide containing Li,MnO,, presented
the particularly increased charge/discharge efficiency.
Similarly to the foregoing, each of the non-aqueous
electrolyte batteries of Examples 1 to 8 and of Comparative
Examples 1 to 6 was charged for 8 hours at the charge
current of about 1mA/cm’ from the solar cell and
thereafter, discharged at the discharge current of about
lmA/cm* to a level 0.3V below a mean battery voltage
thereof. Specifically, the non-aqueous electrolyte
batteries of Examples 1 to 3, 5 to 8 were discharged to
1.2V, and the non-aqueous electrolyte battery of Example 4
was discharged to 1.8V. Thus were determined respective
battery capacities of the non-aqueous electrolyte
batteries. The results are shown in the following table 2.

(Table 2)
|Iiiiiﬁiii||l|l||“l|il|IIHII“IIII"IIHIIIIEII"IIHIIII'II'
Battery '
Capacity 9.1 7.8 7.5 8.5 | 10.2 ]| 9.2 8.7 9.1
(mAh)

It i1s apparent from the results that, where the non-

aqueous electrolyte batteries using the same negative

electrode material are compared, the batteries of Examples

20
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5 to 7, which used the positive electrode material of
manganese dioxide containing Li,MnO,;, presented greater
battery capacities than the non-aqueous electrolyte
batteries of Examples 1 to 4, 8 which used the positive

electrode material of LiMnO,, LiCoO, or spinel-type LiMn,O,.

Industrial Applicability

As described above, in the non-aqueous electrolyte
battery according to the invention, which uses titanium
oxide or lithium titanate as the negative electrode
material for negative electrode, there 1is 1interposed the
polymeric electrolyte, as the non-aqueous electrolyte,
between the aforesald negative electrode and the positive'
electrode. Therefore, this polymeric electrolyte, unlike
the conventional non-aqueous electrolyte solution, 1s less
liable to be decomposed by the catalytic reduction 1induced
by titanium oxide or lithium titanate. Hence, the
charge/discharge efficiency is prevented from being
decreased by the partial consumption of the charge current.
Thus, the non-agqueous electrolyte battery featuring high
charge/discharge efficiency is obtained.

Further, according to the non-aqueous electrolyte
battery of the invention, the use of spinel-type lithium
titanate as the negative electrode material for negative

electrode or the use of manganese oxide containing lithium
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as the positive electrode material for positive electrode
provides the non-aqueous electrolyte battery further
increased in the charge/discharge efficiency.

Additionally, the non-aqueous electrolyte battery
further increased in the battery capacity 1is provided by
using manganese dioxide containing Li,MnO, as the manganese
oxide containing lithium to be used as the positive
electrode material.

Further, the non-aqueous electrolyte battery
according to the invention uses titanium oxide or lithium
titanate for the negative electrode in combination with the
polymeric electrolyte as the non-aqueous electrolyte, as
described above, and therefore, the non-agqueous electrolyte
battery suffers less decomposition of the polymeric
electrolyte and the like even when it 1is used in
combination with the solar cell supplying unstable and high
charge voltage. Thus, the non-aqueous electrolyte battery
ensures adequate charging even when it is used 1n

combination with the solar cell.
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The embodiments of the present invention in which an

exclusive property or privilege is claimed are defined as

follows:

1. A non-aqueous electrolyte battery using spinel-type
lithium titanate as a negative electrode material for use
in a negative electrode and manganese dioxide containing
Li,MnO3 as a positive electrode material for use 1in a
positive electrode, wherein a polymeric electrolyte 1is

interposed between said negative electrode and said

positive electrode.

2. The non-aqueous electrolyte battery as claimed 1in

claim 1, wherein a mean battery voltage thereof at the time

of discharge is approximately 1.5V,

3. The non-aqueous electrolyte battery as claimed 1n
claim 1 or 2, wherein said manganese dioxide containing
Li,MnO; used as said positive electrode material is obtained
by heat-treating a mixture of manganese dioxide and a

lithium salt at temperatures of between 300°C and 430°C.

4. The non-aqueous electrolyte battery as claimed 1in
claim 3, wherein said lithium salt 1s selected from a group
consisting of lithium hydroxide, lithium nitrate, lithium

phosphate, lithium carbonate, and lithium acetate.

5. A charging method for non-aqueous electrolyte battery,
wherein a solar cell is used for charging a non—aqueous
electrolyte battery using spinel-type lithium titanate as a
negative electrode material for use in a negative electrode
and manganese dioxide containing Li,MnO3 as a positive

electrode material for use in a positive electrode and
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having a polymeric electrolyte interposed between the

negative electrode and a positive electrode.

6. The charging method for non-agueous electrolyte
battery as claimed in claim 5, wherein sald manganese
dioxide containing Li,MnO; used as said positive electrode
material in the non-aqueous electrolyte battery 1s obtalned
by heat-treating a mixture of manganese dioxide and a

lithium salt at temperatures of between 300°C and 430°C.

7. The charging method for non-aqueous electrolyte
battery as claimed in claim 6, wherein said lithium salt 1s
selected from a group consisting of lithium hydroxide,
lithium nitrate, lithium phosphate, lithium carbonate, and

lithium acetate.
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