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The mvention provides a positive electrode material and a
battery using the same which can achieve a higher discharge
voltage and which can obtain excellent charge-and-dis-
charge properties, without reducing the capacity. A positive
clectrode (12) and a negative electrode (14) are configured
through a separator (15) 1n between. The positive electrode
(12) contains a compound expressed by a general formula
L1, Mn Fe PO, (wherein X, y and z are values within
ranges of 0<x<0.1, 0.5<y<0.95, and 0.9<y+z=1, respec-
tively). According to the compound, the higher discharge
voltage can be obtained due to Mn, the Jahn Teller effect of
Mn>* can be attenuated and furthermore distortion of the
crystal structure and the reduction of the capacity can be
inhibited due to Fe and the excess Li.
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POSITIVE ELECTRODE MATERIAL AND
BATTERY USING THE SAMLEL

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

RELATED APPLICATION DATA

Morve than one reissue application has been filed for the
reissue of U.S. Pat. No. 7,029,795. This application is a

reissue continuation of U.S. patent application Ser. No.

12/101,800 filed Apv. 11, 2008, now U.S. Pat. No. Re.

46,187. U.S. application Ser. No. 12/101,800 is a reissue of

U.S. Pat. No. 7,029,795 issued Apr. 18, 2006, which issued
from U.S. patent application Ser. No. 10/169,454 filed Oct.
7, 2002. U.S. patent application Ser. No. 10/169,454 is the
Section 371 National Stage of PC1/JP01/09747 filed Nov. 7,

2001. The present application claims the benefit of priority
to Japanese Patent Application No. JP 2000-342410 filed on

Nov. 9, 2000 in the Japan Patent Olffice.

TECHNICAL FIELD

The present invention relates to a positive electrode
material comprising a phosphate compound contaiming L1
(lithium), Mn (manganese) and Fe (iron), and a battery using
the same.

BACKGROUND OF THE INVENTION

In recent years, high performances, miniaturization and
portability of electronic equipments are far advanced thanks
to progress 1n electronic technologies. Consequently,
researches on a rechargeable secondary battery are directed
at providing a power supply which could be used conve-
niently and economically for a long time. Conventionally, as
a secondary battery, a lead storage battery, an alkali storage
battery, and a secondary lithium-ion battery are known
widely. Especially, the secondary lithium-ion battery attracts
attention as a battery which can realize high output and a
high-energy density.

In the secondary lithium-1on battery, for example, a metal
oxide, metal sulfide, or polymer 1s used as a positive
clectrode material. Specifically, non-lithium compounds
such as T1S,, MoS,, NbSe,, or V,O., or lithium containing
oxides such as L1CoO,, LiN10O,, LiMnO, or LiMn,O, are
known.

Among these materials, L1CoO,, which has been widely
put 1n practical use as the positive electrode material having,
about 4 V potential to a lithum metal potential, has a
high-energy density and a high voltage, and 1s an ideal
positive electrode matenial 1mn various aspects. However,
there are problems that 1t becomes diflicult to steadily supply
Co (cobalt) and that the maternial cost 1s higher, since Co
resource 1s unevenly distributed on the earth and is rare.

Moreover, LiN1O, 1s desirable as the positive electrode
material since LiN1O,, has a high theoretical capacity and a
high discharge potential and also results 1n the decreasing,
cost. However, there are problems that the discharge capac-
ity will be reduced because the crystal structure 1s collapsed
as a charge-and-discharge cycle 1s repeated, and that the heat
stability 1s also low. Furthermore, LiMn,O, having a nor-
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2

mal-spinel structure 1s promising as the positive electrode
material, because LiMn,O, has a high potential equivalent
to L1CoO, and 1s able to provide a hugh cell capacity, and the
casy synthesis of LiMn,O, can also achieve the reduction of
the cost. However, there are residual problems of the serious
capacity degradation when held at high temperature for long
durations, and the less stability or the insuflicient cycle
property that Mn may dissolve into the electrolytic solution.

Then, recently, 1t has been proposed that phosphate com-
pounds of the transition metal M (M being Fe, Mn, Co, and
N1) having an olivine structure could be used as the positive
clectrode matenal (refer to Japanese Patent Laid Open No.
0-134724). Moreover, among the phosphate compounds of
the transition metal M having the olivine structure, for
example, LiFePO, 1s also proposed for use as the positive
clectrode maternial (refer to Japanese Patent Laid Open No.
0-171827).

A volume density of LiFePQ, is as large as 3.6 g/cm”,
LiFePO, generates the high potential of 3.4 V, and the
theoretical capacity thereof 1s also as large as 170 mAh/g.
Furthermore, [LiFePO, contains one L1, which can be
released electrochemically, per Fe atom in the initial state,
theretfore LiFePO, 1s promising as the positive electrode
material. However, the discharge voltage of LiFePO, 1s 3.4
V, and 1s lower than that of the positive electrode materials
used with the current secondary lithium-1on batteries, which
1s a problem.

Then, 1t has been proposed that LiMnPO_, as an olivine
type phosphate compound, containing Mn which 1s an
clement with an oxidation-reduction potential higher than
that of Fe as an essential component, could be used for the
positive electrode material.

However, the conventional olivine type phosphate com-
pound contamning Mn as the essential component, of which
the basic composition 1s LiMnPO,, has a problem that it 1s
difficult to generate Mn redox. According to Journal of the
Electrochemical Society, 144, 1188 (1997), 1t 1s reported that
only LiMn Fe,_ PO, in which Fe substitutes a part of Mn,
1s the example capable of generating Mn redox among the
olivine type phosphate compounds containing Mn as the
essential component.

Moreover, 1n the same paper, 1t 1s reported that the actual
battery constituted by using LiMn Fe, PO, as the positive
clectrode matenal, showed the actual capacity of about 80
mAh/g, and i1t cannot be said that the suflicient capacity has
been obtained.

In addition, according to the above-mentioned paper, 1t 1s
reported that in the actual battery constituted by using
LiMn, Fe, PO, as the positive electrode material, the quan-
tity of Mn, that 1s, “y”, over 0.5 (y>0.5) causes the capacity
reduction. That 1s, there are problems that an increase 1n the
Mn component of LiMn, Fe, _ PO, can obtain a high voltage,
but cause a decrease 1n the capacity, while a decrease 1n the
Mn component ot LiMn_Fe, PO, in order to obtain a high
capacity can not obtain the suflicient effect of a high
oxidation-reduction potential. Furthermore, there 1s a disad
vantage that the discharge voltage decrease can cause loss of
interchangeability with the current secondary lithium-ion
battery.

Thus, 1n the case of LiMn Fe,_ PO, 1t 1s very difticult
that the high capacity and the high voltage are compatible.

The present invention has been achieved in view of the
above problems. It 1s an object of the mvention to provide
a positive electrode material and a battery using the same
which can realize high discharge voltages and can acquire
excellent charge-and-discharge properties without reducing
a capacity.
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SUMMARY OF THE INVENTION

A positive electrode material according to the present
invention contains a compound expressed by a general
formula L1,, Mn Fe PO, (wherein x, y and z are values
within ranges of 0<x<0.1, 0.5<y<0.95, and 0.9<y+z=l,
respectively).

A battery according to the present invention comprises an
clectrolyte with a positive electrode and a negative elec-
trode, wherein the positive electrode comprises a compound
expressed by a general formula L1, , . Mn Fe PO, (wherein x,
y and z are values within ranges of 0<x<0.1, 0.5<y<t0.95,
and 0.9<y+z=1, respectively).

In the positive electrode material according to the present
invention, x ot the general formula Li,, Mn Fe PO, is
within the range of 0<x<0.1, and even 11 the Mn composition
increases, it 1s possible to obtain a high discharge potential
without reducing the capacity.

In the battery according to the present invention, since the
positive electrode material of the invention 1s used, a high
capacity and a high discharge potential can be obtained, and
excellent charge-and-discharge properties can be obtained.

Other and further objects, features and advantages of the
invention will appear more fully from the following descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view showing the configuration of a
secondary battery using a positive electrode material accord-
ing to an embodiment of the mvention.

FIG. 2 1s a characteristic view showing X-ray diffraction
patterns of positive electrode materials according to
examples of the mvention.

FIG. 3 1s a characteristic view showing volume particle
s1ze distributions of the positive electrode materials accord-
ing to the examples of the mvention.

FIG. 4 1s a characteristic view showing charge-and-
discharge curves according to Examples 1 and 2 of the
invention.

FIG. § 1s a characteristic view showing charge-and-
discharge curves according to Examples 3 and 4 of the
invention.

FIG. 6 1s a characteristic view showing a charge-and-
discharge curve according to the Example 5 of the invention.

FI1G. 7 1s a characteristic view showing a relation between
the number of charge-and-discharge cycles and the capacity
according to Example 3 of the imnvention.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

Embodiments of the present invention will be described in
detail below with reference to accompanying drawings.

A positive electrode material according to an embodiment
of the invention contains a compound expressed by a general
formula shown 1n chemical formula 1.

The compound has an olivine structure, and a part of Mn
in lithium manganese phosphate (the stoichiometric com-
position thereotf 1s expressed by LiMnPQO,) 1s substituted by
Fe, and contains L1 1n excess. In the compound, while Mn
can increase the discharge voltage, Fe and excess L1 can
attenuate the Jahn Teller effect resulting from Mn>* gener-
ated 1n charging, and inhibit distortion of the crystal struc-
ture and the reduction of the capacity.

Although the composition of Mn, y, may be within a range
of O=y=1, 1t 1s desirable that y 1s within a range of
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0.5<y<0.93. Because the attenuation eflect produced by Fe
ions on the Jahn Teller effect of Mn>* can be insufficiently
obtained when the composition of Mn, vy, 1s 0.95 or more,
which will make the Mn redox difficult to generate, and the
quantity of Mn as an essential component providing the high
voltage redox may decrease when the composition of Mn, v,
1s 0.5 or less, which will lower the discharge voltage and
reduce the energy density of the battery.

The varniable x 1n 1+x of the Li composition, 1.e., the
composition of the added excess L1, 1s preferably within a
range of 0<x<0.1, and more preferably within a range of
0.01=x=<0.05. It 1s also possible that x 1s within the range of
0<x<1. However, the quantities of Mn and Fe as the essen-
tial component of the redox may decrease when x 1s high,
which will reduce the energy density of the battery, and the
attenuation eflfect produced by Li 1ons on the Jahn Teller
effect of Mn”* can be insufficiently obtained when x is low.

It should be noted that the oxygen composition may shift
from the stoichiometric composition, although the oxygen
composition of the general formula shown in the chemical
formula 1 1s set to “4” based on the stoichiometric compo-
sition. That 1s, in the specification, the general formula
means the most typical composition, and the compounds
expressed by the general formula include a compound 1n
which the oxygen composition 1s deviated from the stoi-
chiometric composition.

And 1t 1s desired that the compound contains one with a
particle diameter of 10 um or less and that the Brunauer-
Emmet-Teller specific surface area thereof is 0.5 m°/g or
more. Because the diffusion of the lithium 1ons in the
compound will not overtake the external supply of the
lithium 10ns and the apparent capacity will decrease under
the high current flow, 1.e., under the introduction of a lot of
lithium 1ons for a short time into the compound, 1f the
particle diameter 1s larger and the specific surface area 1s
smaller, since a surface area will generally become smaller
at a larger particle diameter. That 1s, in order to secure the
suflicient capacity even under the high current flow, tech-
nical provisions of increasing the specific surface area and
hence of decreasing the particle size will be required.

The positive electrode material having such composition
can be manufactured by various methods, for example, by
mixing manganese carbonate, iron oxalate, ammonium
hydrogen phosphate, and lithium carbonate and firing the
mixture. Specifically, it can be manufactured by mixing
manganese  carbonate (MnCO,), iron  oxalate
(FeC,0,.2H,0O), ammonium  hydrogen  phosphate
(NH_H,PO,), and lithium carbonate (L1CO,) at the prede-
termined ratio, and then firing the mixture under a nitrogen
atmosphere. Moreover, other than the materials mentioned
above, various materials such as carbonates, nitrates,
oxalates, phosphates, oxides, or hydroxides may be used.

The positive electrode material manufactured in such a
manner can be used for the positive electrode of the follow-
ing secondary batteries, for example.

FIG. 1 shows a sectional structure of a secondary battery
using the positive electrode matenial according to the
embodiment. The secondary battery 1s a so-called coin type
one. The secondary battery has a structure formed such a
way that a disk-like positive electrode 12 housed i an
exterior can 11, and a disk-like negative electrode 14 housed
in an exterior cup 13, are laminated with a separator 15
disposed therebetween. The inside of both the exterior can
11 and the exterior cup 13 1s filled with an electrolytic
solution 16 which 1s a liqud electrolyte, and a periphery area
of both the exterior can 11 and the exterior cup 13 1s sealed
by caulked via an insulating gasket 17.
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Each of the exterior can 11 and the exterior cup 13 1s
composed of, for example, a metal such as stainless steel or
aluminum. The exterior can 11 functions as a charge col-
lector of the positive electrode 12, and the exterior cup 13
functions as a charge collector of the negative electrode 14.

For example, the positive electrode 12 contains the posi-
tive electrode material according to the embodiment as a
positive active material, and 1s constituted to contain a
conductive agent such as carbon black and graphite, and a
binder such as polyvinylidene fluoride. That 1s, the positive
clectrode 12 contains the compound expressed by the gen-
cral formula shown in the chemical formula 1. In this
connection, the positive electrode 12 can be produced, for
example, by mixing the positive electrode material, the
conductive agent, and the binder to prepare a positive
clectrode mixture, and casting the positive electrode mixture
into a pellet form by compression molding. Alternatively,
the positive electrode 12 may be produced by mixing the
positive electrode material, the conductive agent, and the
binder, plus a solvent such as formamide or N-methyl
pyrolidone, to prepare the positive electrode mixture, drying,
the positive electrode mixture, and casting the dried mixture
with compression molding. Although the positive electrode
material can be used either directly or after drying, 1t 1s more
desirable to fully dry the positive electrode material. It 1s
because that the positive electrode material would react and
the Tunction thereot as the positive electrode material would
be damaged, when the positive electrode matenal 1s in
contact with water.

The negative electrode 14 1s constituted to contain one,
two or more materials selected from the group consisting of
lithium metals, lithium alloys, and materials capable of
isertion and extraction of lithium, for example. As the
materials capable of 1nsertion and extraction of lithium, for
example, carbonaceous materials, metal compounds, silicon,
silicon compounds, or conductive polymers are listed, and
one, two or more materials selected among these materials
are mixed and used. Examples of the carbonaceous materials
are graphite, nongraphitizing carbon, or graphitizing carbon,
examples of the metal compounds are oxides such as SnS10,
or SnO,, and examples of the conductive polymers are
polyacethylene or polypyrrole. Especially, the carbonaceous
maternials are desirable because there 1s very little change of
the crystal structure thereof produced in charge and dis-
charge, the carbonaceous materials can obtain a high charge-
and-discharge capacity as well as a good cycle property.

In this connection, when the material capable of insertion
and extraction of lithtum 1s contained 1n the negative elec-
trode 14, the negative electrode 14 1s composed to contain
also a binder such as polyvinylidene fluoride. In this case,
the negative electrode 14 can be produced by, for example,
mixing the material capable of 1nsertion and extraction of
lithium with the binder to prepare a negative electrode
mixture, and casting the negative electrode mixture mto a
pellet form by compression molding. Alternatively, the
negative electrode 14 may be produced by mixing the
material capable of nsertion and extraction of lithium with
the binder, plus a solvent such as formamide or N-methyl
pyrolidone to prepare the negative electrode mixture, drying
the negative electrode mixture, and casting the dried mixture
with compression molding.

The separator 135 separates the positive electrode 12 and
the negative electrode 14, prevents the short circuit of the
current generated by the contact of both electrodes, and
permits the passage of the lithium 1ons. The separator 15
may be composed of, for example, a porous film of a
synthetic resin consisting of polytetratfluoroethylene, poly-
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propylene, polyethylene, or the like, or a porous film of an
inorganic material such as a ceramic nonwoven fabric. Or

the separator 15 may have a laminating structure of two or
more kinds of the above porous films.

The electrolytic solution 16 1s obtained by dissolving a
lithium salt as an electrolyte salt in a solvent, and may show
ion conductivity when the lithtum salt 1onizes. As the lithium
salt, LiPF., LiClO,, LiAsF., LiBF,, LiCF;SO;, or LiN
(CF,S0O,), 1s suitable, and one, two or more kinds among,
them are mixed and used.

As the solvent, a nonaqueous solvent such as propylene
carbonate, ethylene carbonate, butylene carbonate, vinylene
carbonate, y-butyrolactone, sulfolane, 1,2-dimethoxy eth-
ane, 1,2-diethoxy ethane, 2-methyl tetrahydrofuran,
3-methyl-1,3-dioxolane, methyl propionate, methyl
butyrate, dimethyl carbonate, diethyl carbonate, or dipropyl
carbonate, 1s desirable, and one, two or more kinds of these
solvents are mixed and used.

The secondary battery acts as follows.

In the secondary battery, during charging, the lithium 1ons
1s extracted from the positive electrode 12, and 1s mserted 1n
the negative electrode 14 via the electrolytic solution 16, for
example. During discharging, the lithium 1ons will be
extracted from the negative electrode 14, and will be
inserted in the positive electrode 12 via the electrolytic
solution 16, for example. Here, since the positive electrode
12 contains the compound expressed by the general formula
shown in the chemical formula 1,the Jahn Teller effect
resulting from Mn>* generated in the charging will be
attenuated due to Fe and the excess Li. Therefore, the
distortion of the crystal structure of the compound 1s 1nhib-
ited, and the reduction of the capacity 1s mhibited.

As described above, according to the positive electrode
material of the embodiment, since the positive electrode
material contains the compound expressed by the general
formula shown in the chemical formula 1, the higher dis-
charge voltage can be obtained due to Mn, the Jahn Teller
effect of Mn* can be attenuated and furthermore the dis-
tortion of the crystal structure can be inhibited due to Fe and
the excess Li1. Consequently, the lhigher discharge voltage
can be achueved without reducing the capacity. Therelore,
when the secondary battery 1s composed using the positive
clectrode matenial, the charge-and-discharge properties such
as the high capacity and the high discharge potential can be
obtained.

Furthermore, specific examples of the mvention will be
described in detail.

EXAMPLES 1-5

First, as shown in Table 1, using the various compounding,
ratios 1n Examples 1-5, manganese carbonate (MnCQO,), 1rron
oxalate dihydrate (FeC,0,.2H,0), dihydrogen ammonium
phosphate (NH,H,PO,), and lithium carbonate (L1,CO,)
were mixed, and fully ground with a ball mill. Subsequently,
the obtained mixture and acetylene black were mixed at 94:6
of the weight ratio, fully ground and mixed with the ball
mill, and then fired at 400° C. -750° C. under nitrogen
atmosphere for 24 hours to synthesize compounds of L1,
Mn, Fe PO, having a composition shown in Table 1.

The X-ray powder diflraction patterns of the obtained
compounds of Examples 1-5 were measured. The rotating-
anode type of Rigaku RINT2500 was used for an X-ray
diffractometer. In this respect, the X-ray diffractometer,
equipped with a vertical standard type goniometer of 185
mm goniometer radius, 1s of the type monochromatizing the
x-ray beam with the combination of a pulse-height analyzer




US RE46,667 E

7

and a counter monochromator without using a filter such as
Kp filter, and detecting specific X-ray with a scintillation
counter. The measurement was carried out using CuKa (40
kV, 100 mA) as the specific X-ray, and setting each of an
incident angle DS from a sample surface and an angle RS of
the diflraction line from the sample surface to 1° and the
width SS of an incident slit to 0.15 mm, by means of the
reflection method with continuation scan (scannming range
20=10°-80° and scanning speed of 4°/min).

The results showed that each obtained compound of the
examples 1-5 1s L1, Mn Fe PO, of olivine type single
phase. As a representative of the examples the diffraction
patterns of Examples 1 and 2 are shown in FIG. 2.

Moreover, the volume particle size distributions of the
obtained compounds of Examples 1-5 were measured. The
volume particle size distributions were measured by mea-
suring dispersion of laser light using Microtrac particle
analyzer LA-920 (Horiba Ltd.) as a measuring device. The
results showed that each particle size of the obtained com-
pounds of Examples 1-5 was 10 um or less. As a represen-
tative of the examples, the volume particle size distributions
of Examples 1 and 2 are shown in FIG. 3.

Furthermore, coin type batteries as shown 1n FIG. 1 were
produced using the obtained compounds of Examples 1-5,
the charge-and-discharge properties were tested, and the
characteristics of the positive electrode materials were esti-
mated.

The positive electrode 12 of the battery was produced as
tollows. First, the synthesized olivine type L1, Mn Fe PO,
was dried, 60 mg thereof were weighed for the positive
clectrode material, acetylene black as the conductive agent
and polyvinylidene fluoride (Aldrich #1300) as the binder
were added, and the mixture was kneaded using N-methyl-
2-pyrrolidone as the solvent to prepare the paste-like posi-
tive electrode mixture. Here, the proportions of the positive
clectrode matenal, acetylene black, and polyvinylidene fluo-
ride were made of 85% by mass, 10% by mass, and 5% by
mass, respectively. Then, the positive electrode mixture with
the charge collector having a netting form consisting of
aluminum was shaped 1nto a pellet, and the pellet was dried
at 100° C. 1 a dry argon (Ar) flow current for an hour to
prepare the positive electrode 12.

A Iithium metal pierced into a disk shape was used for the
negative electrode 14, the porous film made from polypro-
pylene was used for the separator 15, and a solution of LiPF,
as the lithium salt dissolved to a concentration of 1 mol/dm>
in a mixed solvent of propylene carbonate and dimethyl
carbonate at the volume ratio of 1:1 was used for the
clectrolytic solution 16. The battery was made to measure 20
mm 1n diameter and 2.5 mm high.

Moreover, the charge and discharge were performed as
tollows. First, constant-current charge was performed with
the constant current until the voltage reached 4.5 V, then
constant-voltage charge was performed with the constant
voltage of 4.5 V until the current became 0.05 mA/cm” or
less. Then, constant-current discharge was performed at the
constant current until the voltage reached 2.0 V. The charge
and discharge were performed at room temperature (23° C.)
at that time. FIG. 4 shows the charge-and-discharge curves
of Examples 1 and 2, FIG. 5 shows the charge-and-discharge
curves ol Examples 3 and 4, and FIG. 6 shows the charge-

and-discharge curve of Example 3.

And, compounds L1, Mn Fe PO, having the composi-
tion shown in Table 1 were synthesized as Comparative
Examples 1 and 2 for comparing with Examples 1-5 1n a
similar way to Examples 1-5 except for varying the com-
pounding ratio of the materials as shown in Table 1. The
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x-ray powder diffraction patterns as well as the volume
particle size distributions of the obtained compounds of
Comparative Examples 1 and 2 were measured in a similar
way to Examples 1-5. The results showed that each of the
obtained compounds of Comparative Examples 1 and 2 has
L1, Mn Fe PO, of olivine type single phase, and each of
the particle sizes thereof 1s 10 um or less. As a representative
of the comparative examples, in FIGS. 2 and 3 are shown the
diffraction pattern and the volume particle size distribution
of Comparative Example 1, respectively.

Furthermore, coin type batteries were produced using the
obtained compound of Comparative Examples 1 and 2 1n a
similar way to Examples 1-5, the charge-and-discharge
properties were tested, and the characteristics of the positive
clectrode materials were estimated. In FIG. 4 1s shown the
charge-and-discharge curve of Comparative Example 1, and
in FIGS. 5 and 6, are shown the charge-and-discharge curves
of Comparative Example 2.

As shown 1n FIGS. 4 to 6, compared with Comparative
Examples 1 and 2 to which L1 was not added 1n excess,
Examples 1-5 to which L1 was added in excess supplied
higher discharge capacities and displayed flat characteristics
at the discharge of 4 V over a wider range. That 1s, the
addition of L1 1n excess has proved to supply the higher
capacity and the higher voltage.

It should be noticed that as shown in the comparison
between Examples 1 and 2, or between Examples 3 and 4,
Examples 2 or 4 having the added excess L1 displayed the
flat characteristic at the discharge of 4 V over a shorter range
than that of Examples 1 or 3. That 1s, 1t has been found that
avoilding too much amount of the added excess L1 can make
the capacity higher at the high voltage.

In addition, Table 2 shows the discharge capacities, the
average discharge Voltages and energy densities 1n relation
to Examples 1, 3, and 5 in the case of discharging to the
voltage of 2.0 V As shown above, according to the example,
it has been possible to achieve the high actual capacity
which may reach a theoretical capacity of 170 mAh/g, and
the high-energy density.

Moreover, 1n relation to Example 3, the charge and
discharge were repeated under the charge-and-discharge
condition mentioned above and changes of the capacity with
the charge-and-discharge cycles were examined. The results
are shown 1n FIG. 7. The results revealed that according to
the example, degradation of the capacity has not been found,
and that an excellent cycle property can be also obtained.

Although some examples of the compositions of the
compound L1, Mn Fe PO, are explained in the above-
mentioned examples, 1t should be noticed that the same
ellects can be obtained, when the added excess Li, 1.e., x of
the general formula shown 1n the chemical formula 1 1s more
than 0.

Although the mvention has been described by the fore-
going embodiment and examples, the mvention 1s not lim-
ited to the embodiment and the examples but can be vari-
ously modified. For example, while the case of containing
the compound expressed by the general formula shown 1n
the chemical formula 1 as the positive electrode material has
been described in the above-mentioned embodiment and
examples, 1 addition to the compound, another lithium
content oxide such as [i1CoO,, LiNi1O,, LiMnO.,, or
LiMn,O,, a lithium sulfide, polymeric matenial, or the like
may be contained 1n the positive electrode matenal.

Moreover, although the coin type secondary battery has
been described concretely in the above-mentioned embodi-
ment and examples, the invention can be similarly applied to
cylindrical secondary batteries having another configura-
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tion, secondary batteries having another shape such as a
button type or a square shape, or secondary batteries having,
another structure such as a winding structure.

Furthermore, although the case of using the liquid elec-
trolyte, 1.e., the electrolytic solution has been described in
the above-mentioned embodiment and examples, other elec-
trolytes may be used. Examples of other electrolytes include
gel-state electrolytes with an electrolytic solution hold by a
high molecular compound, organic solid electrolytes with an
clectrolyte salt dispersed 1n an 1on-conductive high molecu-
lar compound, morganic solid electrolytes consisting of an
ion conductive ceramic, an 10n conductive glass, an 1onic
crystal, or the like, any combination of these inorganic solid
clectrolytes and these electrolytic solutions, or any combi-
nation of these inorganic solid electrolytes and these gel-
state electrolytes or these organic solid electrolytes.

In addition, while the case of using the positive electrode
material of the invention for the secondary battery has been
described 1n the above-mentioned embodiment and
examples, the invention can be also applied to other batteries
such as a primary battery.

As described above, according to the positive electrode
material of the invention, since the positive electrode mate-
rial contains the compound expressed by the above-men-
tioned general formula Li,, Mn Fe PO,, the higher dis-
charge voltage can be obtained due to Mn, the Jahn Teller
effect of Mn>* can be attenuated and furthermore distortion
of the crystal structure can be inhibited due to Fe and the
excess Li1. Consequently, the higher discharge voltage can be
achieved without reducing the capacity.

Furthermore, according to the battery of the invention,
since the positive electrode material 1s used for the positive
clectrode, the high capacity and the high discharge voltage
can be achieved and the excellent charge-and-discharge
properties can be obtained.

Obviously many modifications and varations of the pres-
ent invention are possible 1n the light of the above teachings.
It 1s therefore to be understood that within the scope of the
appended claims the invention may be practiced otherwise
than as specifically described.

L1, Mn Fe PO, (Chemical formula 1)

(wherein x, v and z are values within ranges of 0<x<0.1,
0.5<y<0.95, and 0.9<y+z=1, respectively.)

TABLE 1

Compounding Ratio (mol ratio)
MnCos:FeC,0.2H,0:NH,H,PO,: Li,CO;3 L1y, Mn Fe PO,

Example 1.4:0.54:2:1.03 L1 g3Mng sFeq 57POy,
1

Example 1.4:0.5:2:1.05 L1, osMng -Feq 55P0,4
2

Example 1.5:0.44:2:1.03 L1 o3Mng 75Feq 55POy,
3

Example 1.5:0.4:2:1.05 L1 osMng 75Feq 5PO,
4

Example 1.5:0.5:2:1.03 L1 o3Mng 75Feq 55PO,
5

Compar- 1.4:0.6:2:1 LiMng -Feqy PO,
ative Ex-

ample 1

Compar- 1.5:0.5:2:1 LiMn, sFeq 55PO,
ative Ex-

ample 2
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TABLE 2

Average Discharge

Discharge Capacity voltage Energy Density
(mAh/g) (v) (kW/kg)
Example 1 163 3.56 580
Example 3 163 3.59 585
Example 5 166 3.58 594

The mvention claimed 1s:

[1. A positive electrode material containing a compound
expressed by a general formula L1,  Mn Fe PO, (wherein x,
y and z are values within ranges of 0<x<0.1, 0.5<y<0.95,
and 0.9<y+z=1, respectively).]

[2. A positive electrode material according to claim 1,
wherein the compound contains one having a particle diam-
cter of 10 um or less and the Brunauver-Emmet-Teller spe-
cific surface area thereof is 0.5 m*/g or more.}

[3. A battery comprising an electrolyte as well as a
positive electrode and a negative electrode, wherein the
positive electrode contains a compound expressed by a
general formula Li,, Mn Fe PO, (wherein X, y and z are
values within ranges of 0O<x=0.1, 0.5<y<0.95, and
0.9<y+z<1, respectively).]

[4. A battery according to claim 3, wherein the positive
clectrode comprises furthermore a conductive agent and a
binder.]

[5. A battery according to claim 3, wherein the negative
electrode 1s constituted to contain one, two or more materials
selected from the group consisting of lithium metals, lithium
alloys, and materials capable of msertion and extraction of
lithium.]

[6. A battery according to claim 5, wherein the materials
capable of msertion and extraction of lithium 1s constituted
to contain one, two or more materials selected from the
group consisting of carbonaceous materials, metal com-
pounds, silicon, silicon compounds, and conductive poly-
mers.]

[7. A battery according to claim 3, wherein the electrolyte
1s constituted to contain one, two or more materials selected
from the group consisting of LiPF, Li1ClO,, LiAsF ., LiBF,
LiCF,SO, and LiN(CF,S0O,),.}

8. A battery comprising an electrolyte as well as a positive
electrode and a negative electrode, wherein the positive
electrode contains a compound containing excess lithium
and expressed by a general formula Li;, Mn Fe PO, with
x, v, and z being values within the ranges of 0<x=0.l,
0.5<y<<0.95, and 0.9<y+z<l, respectively,

wherein,

the negative electrode contains at least one material
selected from the group consisting of lithium metals,
lithium alloys, and a material capable of insertion
and extraction of lithium, and

the electrolyte contains at least one material selected
from the group comnsisting of LiPF, LiClO,,, LiAsEF
LiBF,, LiCF SO, and LiN(CF,50,)..

9. A positive electrode material containing (a) an olivine
compound having excess lithium, the olivine compound
being expressed by general formula Li, Mn Ie PO,
wherein x, v, and z are values within the ranges of 0<x<0.1,
0.5<y<0.95, and 0.9<y+z<lI, respectively; and (b) LiCoQO,,
LiNiO,, LiMnQ,, LiMn 0., a lithium sulfide, or a polymeric
material.

10. A positive electrode material according to claim 9,
wherein the compound contains a particle having a diameter
of 10 um or less and the Brunauer-Emmet-1eller specific
surface area thereof is 0.5 m”/g or more.
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11. A battery comprising an electrolyte as well as a
positive electrode and a negative electrode, wherein the
positive electrode contains (a) a compound containing
excess lithium and expressed by general formula Li;, Mn,,

Fe PO, with x, v, and z being values within the ranges of 5

O<x=0.1, 0.5<y<0.95, and 0.9<y+z<l, respectively; and (b)
(b) LiCoQ,, LiNiO,, LiMnO,, LiMn,0 ., a lithium sulfide, or
a polymeric material.

12. A battery according to claim 11, wherein the positive
electrode further comprises a conductive agent and a binder.

13. A battery according to claim 11, whevein the negative
electrode contains at least one material selected from the
group consisting of lithium metals, lithium alloys, and a
material capable of insertion and extraction of lithium.

14. A battery according to claim 13, wherein the material
capable of insertion and extraction of lithium contains at

least one material selected from the group consisting of

carbonaceous materials, metal compounds, silicon, silicon
compounds, and conductive polymers.

10

15

13. A battery according to claim 11, wherein the electro- 20

Ivte contains at least one material selected from the group
consisting of LiPF ., LiClO,, LiAsF ., LiBF , LiCF . SO, and
LiN(CF ,50,),.

12
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