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CATHODE ACTIVE MATERIAL AND
NON-AQUEOUS ELECTROLYTE CELL

BACKGROUND OF THE INVENTION

[0001] 2. Field of the Invention This invention relates to a
cathode active material containing metal lithium composite
oxides and to a non-aqueous electrolyte cell containing this
cathode active material.

0002] 2. Description of Related Art

0003] In keeping pace with the progress in the electronic
technology 1n recent years, there 1s a pronounced tendency
towards higher performance, reduction 1n size and portabil-
ity of the electronic equipment, such that a demand 1s raised
for a secondary cell having a high energy density as a driving
power supply for these electronic equipment. In these elec-
tronic equipment, a nickel-cadmium secondary cell, a lead
cell, a nickel hydrogen cell and a non-aqueous electrolyte
cell, exploiting the lithium doping/undoping reactions, or
so-called lithium secondary cell, are used.

[0004] Of these secondary batteries, the lithium secondary
cell has a merit that 1t has high cell voltage, a high energy
density, only little self-discharge and superior cyclic char-
acteristics.

[0005] Currently, lithium cobalt composite oxides, having
high discharge potential and high energy density, are pre-
dominantly used as a cathode active material for a lithium
secondary cell. However, cobalt, as a starting material, 1s
scanty as natural resources and are not stable 1n supply 1n
future. For this reason, 1t has been proposed to use, as a
cathode active material, a lithrum/nickel composite oxide or
a nickel manganese composite oxide, employing nickel and
manganese and which are more mexpensive and abundant as
natural resources.

[0006] With the lithium secondary batteries, containing
the lithium nickel composite oxide as the cathode active
material, not only LiN1O,, but also a lithium nickel com-
posite oxide, in which the proportion of lithium 1s slightly
made higher by slightly changing the lithium nickel molar
rat1o, or a lithrum nickel composite oxide, 1n which metal
clements other than lithium and nickel are solid-dissolved in
crystal structure, are used as a cathode active material to
increase the cell capacity.

[0007] However, the capacity of the lithium secondary cell
cannot be raised beyond a certain limit even if a lithium
nickel composite oxide having a larger proportion of lithium
1s used as a cathode active material. Thus, it 1s demanded of
the non-aqueous electrolyte cell, employing a lithium nickel
composite oxide, to raise not only 1ts capacity but also its
cyclic characteristics. However, with the conventional
lithium nickel composite oxides, such as lithium nickel
composite oxides, in which the proportion of lithium in their
composition 1s larger, 1t has been difficult to achieve higher
cyclic characteristics and higher cell capacity.

SUMMARY OF THE INVENTION

|0008] It is therefore an object of the present invention to
provide a cathode active material which achieves a high cell
capacity and superior cyclic characteristics which were not
possible to achieve with the conventional lithium nickel
composite oxides. It 1s another object of the present inven-
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fion to provide a non-aqueous electrolyte cell having a high
capacity and superior cyclic characteristics.

[0009] For accomplishing the above objects, the present
inventors have conducted eager researches, and have found
that, 1f a lithium nickel composite oxide, in which the
lithium to nickel molar ratio 1s slightly changed so that the
proportion of lithium in the composition 1s made smaller
than that in the case of the conventional lithium mnickel
composite oxide, 1s used as a cathode active material, it 1s
possible to realize a non-aqueous electrolyte cell having cell
characteristics that could not be achieved with the use as the
cathode active material of the conventional lithium nickel
composite oxide having a higher lithtum ratio 1n its com-
position.

[0010] The cathode active material according to the
present mvention has been completed based on the above-
described information, and resides 1in cathode active material
containing a lithrum nickel composite oxide represented by

the general formula Li,Ni1,_-M_O,, where A 1s such that
0.95=A<1, Z1ssuch that 0.01=7Z=0.5 and M 1s at least one

of Fe, Co, Mn, Cu, Zn, Al, Sn, B, Ga, Cr, V, T1, Mg, Ca and
Sr.

[0011] By employing the lithium nickel composite oxide,
represented by the general formula Li,Ni,__M_O,, such a
non-aqueous electrolyte cell may be realized which 1s of
high capacity and which 1s superior 1n cyclic characteristics.

[0012] For accomplishing the above objects, the present
inventors have conducted eager researches, and have also
found that, by employing, as a cathode active material 1n a
non-aqueous electrolyte cell, a lithium nickel composite
oxide, 1n which the lithium/nickel molar ratio 1n the con-
ventional lithrum nickel composite oxide 1s slightly changed
so that the proportion of lithium 1s smaller, there may be
provided a non-aqueous electrolyte cell having cell charac-
teristics not achieved with the use as the cathode active
material of the conventional lithium nickel composite oxide
with a larger proportion of lithrum.

[0013] The non-aqueous electrolyte cell according to the
present invention has been completed based on the above-
described information, and resides in a non-aqueous elec-
trolyte cell including a cathode containing a positive active
material, an anode containing an anode/negative active
material, and a non-aqueous electrolyte, wherein a cathode/
positive active material contains a lithium nickel composite

oxide represented by the general formula Li,N1i,_.M_O.,,
where A 1s such that 0.95= A<1, Z is such that 0.01=72=0.5

and M 1s at least one of Fe, Co, Mn, Cu, Zn, Al, Sn, B, Ga,
Cr, V, 11, Mg, Ca and Sr.

|0014] The non-aqueous electrolyte cell according to the
present 1nvention, containing a lithrum nickel composite
oxide represented by the general formula L1,N1,__M_QO,, as
cathode/positive active material, has a high capacity and
superior cyclic characteristics. That 1s, the cathode/positive
active material of the present invention gives a non-aqueous
clectrolyte cell having a high capacity and superior cyclic
characteristics.

[0015] Moreover, the non-aqueous electrolyte cell accord-
ing to the present invention 1s more excellent in cyclic
characteristics and higher 1n capacity than the conventional
non-aqueous eclectrolyte cell containing a lithium nickel
composite oxide having a larger proportion of lithium.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a cross-sectional view showing an illus-
frative structure of a square-shaped non-aqueous electrolyte
secondary cell.

10017] FIG. 2 is a cross-sectional view showing an illus-
frative structure of the non-aqueous electrolyte secondary

cell shown 1n FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0018] Referring to the drawings, preferred embodiments
of the present invention will be explained i detail.

[0019] A non-aqueous electrolyte secondary cell 1,
embodying the present invention, 1s a so-called lithium 10n
secondary cell, and 1s comprised of an elliptically-shaped
cell unit, housed 1n a cell can 5 as shown 1n FIGS. 1 and 2.
The cell unit 1s comprised of a band-shaped cathode 2 and
a band-shaped anode 3, laminated together with a separator
4 1n-between, and which are coiled together 1n the longitu-
dinal direction. A non-aqueous electrolyte liquid 1s mjected
in the cell can 5. The opening end of the cell can 5 1s sealed

with a cell lid 6.

[0020] A terminal pin 7 is connected to a cathode lead 8
led out from the cathode 2, while the cell can 5 1s connected
to an anode lead 9 led out from the anode 3. Thus, 1n the
non-aqueous electrolyte secondary cell 1, the cell can 5 and
the terminal pin 7 operate as an anode terminal and as a
cathode terminal, respectively.

[0021] The cathode 2 is comprised of a layer of a cathode/
positive active material, formed on a cathode current col-
lector. The layer of the cathode/positive active material 1s
formed by coating a cathode mixture, containing a cathode/
positive active material, on a cathode current collector, and
drying the resulting mass in situ.

[0022] The cathode 2 in the non-aqueous electrolyte sec-
ondary cell 1 contains, as a cathode active material, a lithium
nickel composite oxide represented by the general formula
L11,N1,__M_O,, where A1s such that 0.95=A%=1, Z 1s such
that 0.01=7Z=0.5 and M 1s at least one selected from the
ogroup consisting of Fe, Co, Mn, Cu, Zn, Al, Sn, B, Ga, Cr,
V, T1, Mg, Ca and Sr.

[0023] When a lithium nickel composite oxide is used as
a cathode/positive active material a lithium nickel composite
oxide, having a larger proportion for lithium, such as a
compound represented by the general formula Li,Ni,_
zM_QO.,, where A1s 1 or more, has so far been used. However,
with the non-aqueous electrolyte secondary cell, containing,
as the cathode/positive active matertal a lithrum nickel
composite oxide, having a higher proportion for lithium, a
demand has been raised for improving cyclic characteristics,
even though the cell has practically satisfactory cell capac-

1ty.

10024] The present inventors have conducted ecager
scarches and have arrived at the information that, by using,
as a cathode/positive active material, a lithium nickel com-
posite oxide having smaller lithium contents by slightly
changing the lithium to nickel molar ratio, that 1s Li,Ni,_
zM_0,, where A=0.95=1, such a non-aqueous electrolyte
secondary cell 1 may be produced having cell characteristics
not achievable with the use as the cathode/positive active
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material of the conventional lithium nickel composite oxide
having a larger proportion for lithium.

[0025] The non-aqueous electrolyte secondary cell 1, con-
taining L1,N1,_-M_0,, where 0.95=A«<1, as the cathode/
positive active material, 1s of a high capacity, and 1s superior
in cyclic characteristics. It 1s noted that, although the range
of A 1s optionally selected within the above range, the above
range of 0.95 = A<1 1s more appropriate 1n the perspective of
raising the capacity of the non-aqueous electrolyte second-
ary cell

[10026] It 1s noted that Li,Ni,_M_O,, where 0.95= A<,
may be obtained by using, as a starting material, carbonates,
nitrates, oxides or hydroxides of lithium, nickel and M 1n the
above formula, mixing these in amounts corresponding to
the composition, specifically, so that a carbonate, a nitrate,
an oxide or a hydroxide, for example, of lithium, 1s con-
tained 1 the composition in a molar ratio of not less than 095
and less than 1, and on sintering the resulting mixture 1n a
temperature range from 600° C. to 900° C.

[10027] As a cathode/positive active material to be used in
combination with Li N1, M, 0O,, where 0.95=A«l,
lithium manganese composite oxides, specifically the com-

pounds represented by the general formula Li Mn, Y
M’ 0,, where X 1s such that 0.9=X)Y 1s such that

0.01=Y=0.5 and M’ 1s at least one of Fe, Co, N1, Cu, Zn,
Al, Sn, Cr, V, 11, Mg, Ca and Sr, may be used.

[0028] In particular, the non-aqueous electrolyte second-
ary cell 1, employing a lithium nickel composite oxide,
represented by the general formula Li,Ni,__M_0O,, where
0.95 =A<l1, and the compound represented by the general
formula L1 Mn,_M’,0,, in combination, 1s not only of a
high capacity, but also i1s further improved in cyclic char-
acteristics and superior in safety.

[10029] In particular, in order to synthesize Li,Ni,_s.M_O,
of high capacity and superior thermal stability, as a lithium
nickel composite compound L1 ,N1,_, X MO, as the afore-
mentioned compound, a co-precipitated nickel cobalt
hydroxide 1s first prepared. Specifically, a compound of
nickel or cobalt of nitric acid or sulfuric acid, soluble 1n an
aqueous solution, or a chloride of nickel or cobalt, are
co-precipitated by a reaction of neutralization, using, for
example, a basic solution of alkali metals.

[0030] This co-precipitated hydroxide is obtained by dis-
solving e¢.g., nickel sulfate and cobalt sulfate at a preset ratio
and mixing a solution of sodium hydroxide in the resulting,
solution.

[0031] This co-precipitated hydroxide is then dried and
added to with an alumimum compound at a preset ratio. The
resulting product then 1s stirred and mixed together. To the
resulting mixture, lithium hydroxide 1s added at a preset

ratio, stirred and mixed together to yield a precursor of
L1, N1,__Z Co,AlO,.

[0032] As an aluminum compound, such a compound
having an average particle size of 10 um or less 1s preferred.
By sctting the average particle size to 10 um or Iess,
aluminum can be sufficiently solid-dissolved in the subse-
quent sintering step to assure optimum reactivity. When the
average particle size exceeds 10 um, solid dissolution of
aluminum 1s insufficient such that impurities are produced
along with L1, N1,_;_7Z CopAl,O,. Specified examples of
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aluminum compounds may include aluminum hydroxide,
aluminum oxide (alumina), aluminum nitrate, aluminum
sulfate, and aluminum chloride. However, 1n consideration
that decomposed gases may be evolved during sintering,
aluminum hydroxide or aluminum oxide is preferably used
as an aluminum compound. In particular, by using aluminum
oxide with an extremely small average particle size, as the
aluminum compound, Li,Ni,_ -, CogAl,O, of superior
quality may be produced.

[0033] Although the mixing ratio of the lithium nickel
composite oxide, represented by the general formula
Li,N1,_-M_O,, and the lithhum manganese composite
oxide, may be selected arbitrarily, 1t 1s desirable that these
compounds are mixed together at a weight ratio of 20:80 to
80:20. By setting the mixing ratio to the above range, it 1s
possible to realize the non-aqueous electrolyte secondary
cell 1 having optimum cyclic characteristics and a high
capacity. If the mixing ratio of the lithium nickel composite
oxide and the lithium manganese composite oxide exceeds
the above range, the cell capacity tends to be lowered.

[0034] As the cathode current collector, a metal foil, such
as an aluminum foil, 1s used. As the binder, any suitable
known binder routinely used as the cathode/positive active
material for this sort of the cell may be used. The cathode
mixture may be admixed with known additives, such as
clectrically conductive materials.

|0035] The anode 3 is obtained on coating an anode
mixture, containing an anode/negative active material, on an
anode current collector, and drying the anode mixture 1n situ
to form the layer of the anode/negative active material on the
anode current collector.

[0036] As the anode/negative active material, carbon
materials, for example, are used. As the carbon materials,
those capable of doping/undoping lithium may be used. For
example, low crystalline carbon materials, obtained on firing
at a temperature at a lower temperature not higher than
2000° C., or high crystalline carbon materials, such as
artificial graphite or natural graphite, and processed at an
elevated temperature close to 3000° C., may be used.
Specifically, pyrocarbon, cokes, graphite, vitreous carbon,
sintered organic polymer compounds, that 1s furan resins
sintered and carbonized at suitable temperatures, carbon
fibers and activated charcoals, may be used.

10037] For example, graphite powders of spherical, flat or
fiber-like shape, having the spacing of the (002) plane being
0.335 to 0.340 mn and the c-axis spacing Lc being not less
than 20 mn, may be used.

|0038] The anode capacity depends not only on the surface
clectron structure of graphite particles, but also on its
crystallinity. In the present embodiment, as the index for
crystallinity of the graphite material, the spacing of the (002)
crystal plane 1s prescribed to be not larger than 0.3363 mn.
The spacing of the (002) plane is more preferably 0.3360 nm
or less and most preferably 0.3358 nm or less.

10039] In the present embodiment, in which, as an index
for crystallinity of the graphite material, the spacing of the
(002) plane is prescribed to be 0.3363 mn or less, the
irreversible capacity 1s appreciably reduced, while a high
reversible capacity 1s obtained, 1n the anode formed of this
ographite material of high crystallinity.
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[0040] In addition, metals or semiconductors, capable of
being alloyed or of forming a compounds with lithium, may
be used. Examples of metal or semiconductor elements
capable of forming alloys or compounds with lithium
include preferably metal or semiconductor elements of the
croup 4B, more preferably silicon or tin, most preferably
silicon. Also preferred are these alloys or compounds of
lithium, specifically, SiB,, SiB., Me,S1, Mg.Sn, Ni,Si,
TiS1,, MoS1,, CoSi,, Ni1S1,, CaSi, Cu.S1, FeSi,, MnSi,,
NbS1,, TaS1,, VS1,, WS1, or ZnSi1,.

[0041] As the anode current collector, metal foils, such as
copper foils, may be used. In the anode mixture may be
contamned any suitable known binders etc. Meanwhile, the
anode mixture may be admixed with any suitable known
additives as necessary.

[0042] As the separator 4, a micro-porous polypropylene
f1lm, for example, may be used.

[0043] The cell can 5 and the cell lid 6 may be formed of,

for example, 1ron or aluminum. If the cell can § and the cell
lid 6 of aluminum are used, it 1s necessary to weld the
cathode lead 8 to the cell can 5 and to connect the anode lead
9 to the terminal pin 7 to prevent reaction of lithium with
aluminum.

10044] The non-aqueous electrolyte liquid is the electro-
lyte salt dissolved 1n a non-aqueous solvent.

[0045] As the organic solvent, cyclic carbonates, such as
cthylene carbonates and propylene carbonates, non-cyclic
carbonates, such as dimethyl carbonates and diethyl carbon-
ates, cyclic esters, such as y-butyrolactone or yvalerolactone,
non-cyclic esters, such as ethyl acetate or methyl propionate,
and ethers, such as tetrahydrofuran or 1, 2-dimethoxyethane,
may be used. One of these organic solvents may be used
singly, or two or more of them may be used as a mixture.

[0046] There is no particular limitation to the electrolyte
salts used provided that these are lithtum salts dissolved in
organic solvents and exhibit 1onic conductivity in this state.
For example, LiPF,, LiBF,, LiClO,, LiCF;SO,,
LIN(CF S0O,), or LiC(CF;50, )3 may be used. One of these
clectrolyte salts may be used singly, or two or more of them
may be used as a mixture.

10047] As compared to the conventional non-aqueous
clectrolyte secondary cells containing, as the cathode/posi-
five active materials, lithium nickel composite oxides having
a higher proportion for lithium, that i1s Li,N1,_7Z M_O,
where A 1s not less than 1, the non-aqueous electrolyte
secondary cell 1, constructed as described above, 1s of high
capacity and improved 1n cyclic characteristics.

[0048] Although the non-aqueous electrolyte secondary
cell 1, employing a non-aqueous liquid electrolyte, as the
clectrolyte, has been explained 1n the foregoing, the present
invention 1s not limited thereto, such that it may be applied
to a non-aqueous electrolyte cell employing a solid electro-
lyte comprised of an electrolyte salt dissolved in a high
molecular or polymer material or a gel electrolyte 1n which
a solution obtained on dissolving an electrolyte salt 1n a
non-aqueous solvent 1s held m a polymer matrix, or a
so-called solid electrolyte cell.

10049] When the present invention is applied to a solid
clectrolyte cell, the cathode and the anode are constructed
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similarly to the cathode 2 and the anode 3 of the non-
aqueous electrolyte secondary cell 1 described above.

[0050] As the high molecular or polymer materials that
make up the solid electrolyte or the gel electrolyte, silicon
oel, acryl gel, acrylonitrile gel, polyphosphasen modified
polymer, polyethylene oxide, polypropylene oxide, and
cross-linked or modified composite polymers thereof, may
be used. As fluorine-based polymers, poly(vinylidene fluo-
ride, poly(vinylidene fluoride —CO— hexafluoropropy-
lene), poly(vinylidene fluoride —CO— tetrafluoroethyl-
ene), poly(vinylidene fluoride —CO— trifluoroethylene)
and mixtures thereof may be used.

[0051] When the solid electrolyte or the gel electrolyte is
used as the non-aqueous electrolyte, a separator does not
necessarily have to be provided, since the solid electrolyte or
the gel electrolyte may perform the role of the separator.

EXAMPLES

[0052] The non-aqueous electrolyte cell of the present
invention will now be explained 1n detail based on concrete
experimental results.

Example 1

[0053] [Method for Producing Lithium Nickel Composite
Oxides]|

10054] 'To 0.80 mol of nickel hydroxide, 0.15 mol of cobalt

hydroxide and 0.05 mol of aluminum atoms was added 0.90
mol of lithium hydroxide to form a mixture of a precursor of
L1 N1, ;CO, Aly 50,. This mixture was fired for five
hours at 789° C. in an oxygen atmosphere to yield
L1 NiggoCOq ;5Alg 050, as a lithum nickel composite
oxide. This compound was checked as to its diffraction peak
by an X-ray diffraction method (Cukc. rays). As a result, the
compound was found to be a compound having a diffraction
peak approximately coincident with LiN10O, registered 1n
ICPDS. The so produced lithium nickel compound oxide
was pulverized to an average particle size of 10 um. The
average particle size was measured similarly by a laser

diffraction method.

[0055] [Method for Preparing Lithium Manganese Com-
posite Oxide]

[0056] First, lithium carbonate (Li,CO;), manganese
dioxide (MnO,) and dichromium trioxide (Cr,O,) were
mixed together at a preset ratio and fired in air at 850° C. for
five hours to produce a manganese-containing oxide LiMn
vCr, O, containing lithtum, manganese and a first element
Ma (chroinum). The value of V for chromium was set to
0.15. The so produced compound was searched by a X-ray
diffraction method (X-ray tube Cuka), and was found to be
a compound exhibiting a diffraction peak approximately
coincident with that of a spinel type lithrum manganese
composite oxide as compared to LCPDS. The so produced
manganese-containing oxide was pulverized to an average
particle size of 20 um by a laser diffraction method.

[0057] [Method for Producing a Cathode |

[0058] 37 weight parts of a lithium manganese composite
oxide (LiMn, ¢sCr, ;50,) and 55 weight parts of lithium
nickel composite oxide (LiyosNiggoCOq 154l 050,), as
cathode/positive active material, 5 weight parts of graphite,
as an eclectrically conductive agent and 3 weight parts of
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polyvinylidene fluoride (PVDF) as a binder, were mixed
together and dispersed in polyvinylidene fluoride (NMP) to
form a slurried cathode mixture.

[0059] This cathode mixture was coated on both surfaces
of an aluminum foil, 20 um thick, which 1s to operate as a
cathode current collector. The resulting product was dried 1n
situ and molded under compression. The resulting molded
product was cut to preset size to prepare a cathode.

[0060] [Method for Producing an Anode]

[0061] First, to 100 weight parts of coal-based coke, as a
filler, 30 weight parts of coal tar based pitch as a binder were
added and mixed together. The resulting mixture was com-
pression-molded by a press and heat-treated at a temperature
1000° C. or less to prepare a carbon molded product. This
carbon molded product was impregnated with coal tar based
pitch, melted at a temperature of 200° C. or less, and the
resulting product was then heat-treated at a temperature
1000° C. or less. This sequence of operations was repeated
several times. The resulting product was heat-treated at
2700° C. to form a graphized molded product. Subsequently,
the graphized molded product was crushed and classified to
form powders.

[0062] The so produced graphized powders were analyzed
as to structure by the X-ray diffraction method. The spacing,
of the (002) plane was 0.337 nm and the crystallite thickness
along the c-axis was 50.0 mn. Moreover, the true density as
found by the picnometric method was 2.23 g/cm3, the bulk
density was 0.83 g/cm3, the specific surface area as found by
the BET (Brunauer Emmen Teller) method was 4.4 M*/g. As
for the grain size distribution, as found by the laser diffrac-
tion method, the average grain size was 31.2 um, while the
cumulative 10% grain size, cumulative 50% grain size and
the cumulative 90% grain size were 12.3 um, 29.5 um and
53.7 um, respectively. 92 weight parts of graphite, as an
anode/negative active material, and 8 weight parts of poly-
vinylidene fluoride (PVDF), as a binder, were mixed
together and dispersed in N-methyl pyrrolidone (NMP) to
prepare a slurried anode mixture.

[0063] This anode mixture was coated on both sides of a
copper foil, 15 um 1n thickness, which 1s to operate as an
anode current collector. The resulting product was dried 1n
situ and molded under compression. The resulting molded
product was cut to preset size to prepare an anode.

[0064] [Method for Preparing a Non-aqueous Liquid Elec-
trolyte ]

[0065] In a solution obtained on mixing ethylene carbon-
ate and dimethyl carbonate at a weight ratio of 1:1, LiPF, as
an electrolyte salt was dissolved at a rate of 1 mol/1 to
prepare a non-aqueous liquid electrolyte.

[0066] [Method for Assembling a Cell]

[0067] The cathode and the anode, prepared as described

above, were layered together, with the interposition of a
separator, 25 um 1n thickness, and coiled longitudinally to
prepare an elliptically-shaped cell unait.

[0068] This elliptically-shaped cell unit was inserted into
a square-shaped cell can which 1s 29 mm 1n width, 6 mm 1n
thickness and 67 mm 1n height. After the cell lid was welded
to the opening part of the cell can, the non-aqueous liquid
clectrolyte was introduced via a liquid electrolyte 1njection
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port, provided in the cell Iid. The liquid electrolyte injection
port then was hermetically sealed. The above completed the
square-shaped non-aqueous electrolyte secondary cell.

Examples 2 to 4

Comparative Examples 1 to 3

[0069] A non-aqueous electrolyte secondary cell was pre-
pared 1n the same way as in Example 1, except that, in
preparing a lithium nickel composite oxide, the mixing

molar ratio of lithium hydroxide was set as shown 1n Table
1.

[0070] The initial charging was carried out on the cells of
Examples 1 to 4 and Comparative Examples 1 to 3, prepared
as described above. First, with the constant current of 400
mA, constant current constant voltage charging was carried
out up to an upper limit voltage of 4.20 V, with the constant
current being 400 mA, and constant current discharging at
1000 mA was carried out up to the terminal voltage of 3.00
V, 1 order to measure the 1nitial voltage. Meanwhile, the
initial cell capacity used was a of a value obtained on
averaging over five cells.

[0071] For the respective cells, charging for the second
time and so on were carried out for 2.5 hours, with the
constant current of 1000 mA, up to the upper terminal
voltage of 4.20 V. The constant current discharging of 1000
mA was then carried out up to the terminal voltage of 3.00
V. This charging/discharging cycle was repeated 300 times
and measurement was made of the discharge capacity of the
number 300 cycle. The ratio of the discharge capacity at the
number 300 cycle to the 1nitial discharge capacity was found
and used as a capacity upkeep ratio (unit: %). The cyclic
characteristics were evaluated from the capacity upkeep
ratio after 300 cycles.

[0072] The results of the above measurements are also
shown in Table 1 along with the mixing molar ratio (a) of
lithium hydroxide in the preparation of the lithium nickel
composite oxide and the compositions of the produced
lithium nickel composite oxides.

TABLE 1

initial discharge
capacity (mAh)

[LOH ratio  lithtum nickel composite oxides
Ex.1 0.95 Lig 05Nl 00C0g 15Al5 5505 893
Ex.2 0.97 Lig.67N15 60C04.15Al5.0505 963
Ex.3 0.99 Lig.goN1g g0C00 15Al5.0505 970
Fx.4 0.995 Lig.005N1p.60C00 15Al5.0505 975
Comp. Ex.1 0.9 Lig gNip g0C0q 15Al5 505 721
Comp. Ex.2 1 L1, 5oN1g 00C0g 15AlG 05O 980
Comp. Ex.2 1.02 Li; 0oN1g 0C04.15Al5.0505 979

[0073] As may be seen from Table 1 that, in the Com-
parative Example 1 containing the lithium nickel composite
oxide where a 1s less than 0.95, the lithium content 1n the
cathode/positive active material 1s small, the cell 1s not
suflicient 1n capacity and hence 1s mappropriate as a utility
cell. On the other hand, with the Comparative Examples 2

and 3 containing the lithium nickel composite oxide with a
not less than 1, the mnitial cell capacity is that high, however,
the cyclic characteristics of the cells are lowered.
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[0074] It 1s also seen from Table 1 that the samples 2 to 5
containing lithium nickel composite oxides where 0.95 Za<1
are larger 1n cell capacity and undergo only little cyclic
deterioration. It 1s also seen that the samples 3 to 5 contain-
ing lithrum nickel composite oxides, with 0.97=a=0.995,
are superior 1n cyclic characteristics, with the initial cell
capacity exceeding 900 mAh, such that these cells are
particularly desirable as utility cells.

[0075] Thus, it may be seen that the non-aqueous liquid
clectrolyte secondary cell, containing a lithium nickel com-
posite oxide as the cathode/positive active material, with a
being such that 0.95%a<1, 1s superior 1n cyclic characteris-
tics and 1s of a high capacity.

[0076] In Examples 5 to 10, plural cells were prepared as
the first element Ma of the lithrum manganese containing
composite oxide was changed, and high-temperature storage
characteristics of the so produced cells were searched. In
Examples 11 to 16, plural cells were prepared as the second
clement Mb of the lithium manganese containing composite
oxide was changed and high-temperature storage character-
1stics and cyclic characteristics of the so produced cells were
scarched.

Examples 5 to 10

[0077] Plural cathodes were prepared in the same way as
in Example 1, except preparing a manganese-containing
oxide as the first element (Ma) was changed as shown in the
Table 2 shown below m the preparation of the lithium-
manganese containing composite oxide, and plural non-
aqueous liquid electrolyte secondary cells were prepared.

[0078] Meanwhile, in preparing the lithium-manganese
containing composite oxide, cobalt monoxide and dialumi-
num trioxide (Al,O,) were used in Examples 5 and 6,
respectively, i place of dichromium trioxide of Example 1,
while magnesium monoxide (MgO) and zinc monoxide
(ZnO) were used in Examples 7 and 8, respectively, in place
of dichromium trioxide of Example 1. Similarly, tin mon-
oxide (SnO) was used in Example 9, in place of dichromium

volume upkeep

ratio (%)

92
90
91
90
91
73
70

trioxide of Example 1, while cobalt oxide and dichromium

trioxide were used 1n Example 10 in place of dichromium
trioxide of Example 1.

Examples 11 to 16

[0079] Plural cathodes were prepared in the same way as
in Example 1, except preparing a lithium-nickel containing
oxide as the second element (Mb) was changed as shown in
the Table 2 shown below 1n the preparation of the lithium-
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nickel containing composite oxide, and plural non-aqueous
liquid electrolyte secondary cells were prepared.

[0080] Meanwhile, in preparing the lithium-nickel con-
taining composite oxide, diiron trioxide (Fe203) and dialu-
minum trioxide were used in Examples 11 and 12, respec-
fively, 1in place of cobalt hydroxide and trialuminum trioxide
of Example 1. Similarly, magnesium oxide and zinc oxide
were used 1n Examples 13 and 14, respectively, in place of
cobalt hydroxide and trialuminum trioxide of Example 1. On
the other hand, tin monoxide was used 1n Example 15 and
cobalt monoxide and dialuminum trioxide were used 1n
Example 16 1n place of cobalt hydroxide and trialuminum
trioxide of Example 1.

0081] Of the cells of the Examples 5 to 10, 11 to 16 and
the Example 3, prepared as described above, high tempera-
ture storage characteristics were scrutinized. As the high
temperature storage characteristics, a general discharge
capacity upkeep ratio under general discharge conditions on
storage at elevated temperatures and the high load discharge
energy under high load discharge conditions were found.

[0082] Meanwhile, the general discharge capacity upkeep
ratio following storage at elevated temperatures was found
as follows: First, charging/discharging was carried out 1n a
constant temperature vessel maintained at 23° C. to find the
initial discharging capacity. It 1s noted that charging was
carried out at a constant current of 1A until the cell voltage
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[0084] The cell was stored at 60° C. for two weeks and
discharged once to a terminal voltage of 3.0Vin the constant
temperature vessel of 23° C., after which the cell was
charged at a constant current of 1.5 A to the terminal voltage
of 3.0V and subsequently discharged under a high load.
From the results of this discharge under a high load, the high
load discharge energy following storage at elevated tem-
peratures was found.

|0085] As for the charging/discharge cycle characteristics
at ambient temperature, 200 cycles of charging/discharge
cycle characteristics were carried out under the aforemen-
tioned general charging/discharge conditions, in the constant
temperature vessel maintained at 23° C., and the ratio of the
discharge capacity of the number 200 cycle to the discharge
capacity of the number two cycle (capacity upkeep ratio)
was found.

[0086] The results of evaluation of high temperature stor-
age characteristics and charging/discharge characteristics at
ambient temperature and charging/discharge cyclic charac-
teristics at ambient temperature of the cells of Examples 5 to

16 and the Example 3 are shown 1n Table 2 along with the
values of the first element (Ma) of the manganese-containing
composite oxide and the values of the second element (Mb)
of the lithium nickel composite oxide:

TABLE 2

volume upkeep ratio
following storage at
elevated temperature

discharge capacity volume upkeep
following storage  ratio following

first element Ma  second element Mb (%) (Wh) 200 cycles (%)
Ex. 3 Cr0.15 Co0.15A10.15 90 2.98 94
Ex. 5 Co0.15 Co0.15A10.15 91 2.95 95
Ex. 6 Al0.15 Co0.15A10.15 90 2.93 94
Ex. 7 Mg0.15 Co0.15A10.15 92 2.95 93
Ex. 8 Zn0.15 Co0.15A10.15 90 3 94
Ex. 9 Sn0.15 Co0.15A10.15 91 2.96 93
Ex. 10 Co0.1Cr0.1 Co0.15A10.15 91 2.95 93
Ex. 11 Cr0.15 Fe0.20 90 2.95 92
Ex. 12 Cr0.15 Al0.20 92 2.97 92
X, 13 Cr0.15 Mg0.20 92 2.97 93
Ex. 14 Cr0.15 /n0.20 91 2.97 93
Ex. 15 Cr0.15 Sn0.20 90 2.96 94
Ex. 16 Cr0.15 Co0.25A10.05 91 2.94 94

reached 4.2V, and subsequently was continued at a constant
voltage of 4.2V until the sum total of the discharging time
equaled to three hours. The cell was then discharged at a
constant current of 0.5 A until the terminal voltage (cut-off
voltage) of 3.0 V was reached. This was set as the general
charging/discharge condition.

[0083] The cell then was charged again under this general
charging condition and stored for two weeks 1n an oven
maintained at 60° C. The cell then was discharged in a
constant temperature vessel of 23° C. once to a terminal
voltage of 3.0 V. Ten cycles of the charging/discharge then
were carried out under the general charging/discharge con-
dition and the value which was maximum during these ten
cycles was adopted as the discharge capacity following
storage at the elevated temperatures, and the ratio thereof to
the initial discharge capacity was adopted as the general
discharge capacity upkeep ratio following storage at
clevated temperatures.

[0087] As may be seen from Table 2, the general discharge
capacity upkeep ratio following storage at elevated tempera-
tures and the high load discharge energy following storage
at elevated temperatures were 90% and not less than 90 Wh,
which were higher values as 1n Example 3. In addition,
satisfactory results could be obtained for charging/discharge
characteristics at ambient temperatures. Specifically, it was
seen that superior high temperature storage characteristics as
those 1n Example 3 could be obtained with use of a man-
ganese-containing oxide in which the first element 1is
changed to an element other than chromium or with use of

a lithium nickel composite oxide in which the second
clement 1s changed to an element other than coballt.

[0088] In Examples 17 to 20 and in Comparative
Examples 4 and 5, plural cells were prepared as the mixing
ratio of the lithium-manganese containing composite oxide
and the lithrum-nickel containing composite oxide was
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varied and the high temperature storage characteristics as
well as cyclic characteristics of the so produced cells were
evaluated.

[0089] Plural cathodes were prepared in the same way as
in Example 1 except changing the mixing ratio of the
lithium-manganese containing composite oxide and the
lithium-nickel containing composite oxide as shown in
Table 3, and non-aqueous liquid electrolyte secondary cells
were prepared using these cathodes.

[0090] Meanwhile, in Example 21, the mixing ratio of the
lithium-manganese containing composite oxide was low-
cred, whereas, 1n Example 22, the mixing ratio of the
lithium-nickel containing composite oxide was lowered.

[0091] Of the cells of Examples 17 to 22, produced as

described above, the high temperature storage characteris-
tics and charging/discharge characteristics at ambient tem-
perature were scarched in the same way as in the above-
described evaluation method. The results of the evaluation
arc shown 1n Table 3, along with the value of the first
clement ma of the lithium-manganese containing composite
oxide and the value of the second element Mb of the
lithium-manganese containing composite oxide:

TABLE 3

volume upkeep ratio
following storage at
elevated temperature

mixing ratio (weight parts)

LiMn1.85Cr0.1504 L10.99N10.8C00.15A10.0502 (%)
Ex. 3 40 60 90
Ex. 17 20 80 92
Ex. 18 50 50 90
Ex. 19 60 40 89
Ex. 20 30 20 88
Ex. 22 10 90 92
Ex. 23 90 10 84

10092] As may be seen from Table 3, the higher the mixing
rat1o of the lithium-manganese containing composite oxide,
the larger 1s the high load discharge energy following
storage at elevated temperature, whereas, the higher the
mixing ratio of the lithium-nickel containing composite
oxide, the higher is the general discharge capacity upkeep
rat1o following storage at elevated temperature. In particular,
the Examples 3 and 17 to 20 are seen to be excellent both 1n
the discharge capacity upkeep ratio following storage at
clevated temperatures and in the high load discharge energy
following storage at elevated temperature, which are 88% or
higher and 2.90 Wh or higher, respectively.

10093] Conversely, with Example 21 with the low mixing
ratio of the lithium-manganese composite oxide, the high
load discharge energy following storage at elevated tem-
perature 1s small, whereas, with Example 22 where the
mixing ratio of the lithium-nickel composite oxide 1s low,
the capacity upkeep ratio following storage at elevated
temperature was low.

10094] That 1s, by setting the mixing ratio of the lithium-
manganese composite oxide and the lithium-nickel compos-
ite oxide so that the content of the lithium-nickel composite
oxide 1s 80 to 20 to the content of the lithium-manganese
composite oxide of 20 to 80, particularly excellent high
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temperature storage characteristics can be achieved. Mean-
while, excellent results could be obtained as to the charging/
discharge characteristics at ambient temperatures.

What 1s claimed 1s:

1. A cathode/positive active material containing a lithtum
nickel composite oxide represented by the general formula

Li,N1i,_,M_,0O,, where A 1s such that 0.95=A<1, Z 1s such
that 0.01=7<0.5 and M 1s at least one of Fe, Co, Mn, Cu,
Zn, Al, Sn, B, Ga, Cr, V, T1, Mg, Ca and Sr.

2. The cathode/positive active material according to claim
1 wherein A of the general formula 1s such that

0.97= A<0.995.

3. The cathode/positive active material according to claim
1 containing a lithium manganese composite oxide.

4. The cathode/positive active material according to claim
3 wherein said lithium manganese composite oxide 1s a
compound represented by the general formula Li, Mn,_

vM',O,, where X 1s such that 0.9=X, Y 1s such that
0.01=Y=0.5 and M' 1s at least one of Fe, Co, N1, Cu, Zn,
Al, Sn, Cr, V, T1, Mg, Ca and Sr.

5. The cathode/positive active material according to claim
3 wherein the lithium nickel composite oxide represented by

discharge
capacity volume upkeep
following  ratio following 200

storage (Wh) cycles (%)

2.98 94
2.9 92
3 95
3.05 93
3.1 94
2.7 90
2.8 90

the general formula Li,N1,_-M_O, and the lithtum manga-
nese composite oxide are mixed at a weight ratio of 20:80 to

80:20.

6. A non-aqueous electrolyte cell including a cathode
containing a cathode/positive active material, an anode
containing an anode/negative active material and a non-

aqueous eclectrolyte wheremn the cathode/positive active
material contains a lithium nickel composite oxide repre-
sented by the general formula Li,Ni,__M_O,, where A 1s
such that 0.95=A<1, Z 1s such that 0.01=72=0.5 and M 1s
at least one of Fe, Co, Mn, Cu, Zn, Al, Sn, B, Ga, Cr, V, 11,
Mg, Ca and Sr.

7. The non-aqueous electrolyte cell according to claim 6
wherein A of the general formula 1s such that

0.97=A=0.995.

8. The non-aqueous electrolyte cell according to claim 6
containing a lithrum manganese composite oxide as said
cathode/positive active material.

9. The non-aqueous electrolyte secondary cell according
to claim 8 wherein said said lithium manganese composite

oxide 1s a compound represented by the general formula
Li,-Mn, M'\,;O,, where X 1s such that 0.01=X, Y 1s such
that 0.01=Y=0.5 and M' 1s at least one of Fe, Co, N1, Cu,

/n, Al, Sn, Cr, V, 11, Mg, Ca and Sr.
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10. The non-aqueous electrolyte secondary cell according
fo claim 8 wherein

the lithium nickel composite oxide represented by the
general formula Li1,Ni,__M_0O, and the lithium man-
ganese composlte oxide are mixed at a weight ratio of

20:80 to 80:20.

11. The non-aqueous electrolyte secondary cell according
to claim 6 wherein

sald anode uses, as an active material, one or more
carbonaceous materials capable of doping and undop-
ing lithium and which are selected from the group
consisting of pyrocarbon, cokes, graphite, vitreous car-
bon, sintered organic high molecular or polymer com-
pounds, carbon fibers and activated charcoal.
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12. The non-aqueous electrolyte secondary cell according
to claiam 6 wherein

said anode 1s formed by spherical, flat or fiber-like graph-

ite powders having the spacing of the (002) plane being
0.335 to 0.340 nm and the c-axis spacing Lc being not
less than 20 nm.

13. The non-aqueous electrolyte secondary cell according
to claim 6 wherein said cathode 1s formed by a current
collector on each side of which 1s coated a layer of a mixture
contamning an active material, said anode 1s formed by a
current collector on each side of which 1s coated a layer of
a mixture containing an active material, said cathode and the
anode being laminated together via a separator 1n-between to
form a laminated product which then 1s spirally wound about
itself a number of times to form an electrode unit.
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