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NONAQUEOUS ELECTROLYTE BATTERY
AND BATTERY PACK

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 13/772,848, filed Feb. 21, 2013, which is
acontinuation of U.S. patent application Ser. No. 12/169,348,
filed Jul. 8, 2008, now U.S. Pat. No. 8,404,387, which claims
the benefit of, and priority to, Japanese Patent Application
No. 2007-183564, filed Jul. 12, 2007, the entire contents of
each of these applications being incorporated herein by ref-
erence.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a nonaqueous elec-
trolyte battery and to a battery pack using a nonaqueous
electrolyte battery.

[0004] 2. Description of the Related Art

[0005] Nonaqueous electrolyte batteries using a negative
electrode containing a lithium metal, lithium alloy, lithium
compound or carbonaceous material are expected as high-
energy-density batteries and are being exhaustively
researched and developed. Lithium ion batteries provided
with a positive electrode containing LiCoO, or LiMn,O, as
an active material and with a negative electrode containing a
carbonaceous material which absorbs and releases lithium
have been widely put to practical use so far. Also, with regard
to the negative electrode, studies are being made as to metal
oxides and alloys which are to be used in place of the above
carbonaceous material. In the case of mounting a battery,
particularly, in vehicles such as cars, materials superior in
chemical and electrochemical stability, strength and corro-
sion resistance are desired as the structural material of the
negative electrode to obtain a long cycle performance in a
high-temperature environment and long reliability in high
output. Moreover, it is demanded that batteries have high
performance in cold regions in the case of mounting them in
vehicles such as cars. Specifically, it is required for these
batteries to have high output performance and long-cycle life
performance in a low-temperature environment. On the other
hand, the development of a nonvolatile and noninflammable
electrolytic solution is underway to improve safety perfor-
mance. However, because such an electrolytic solution brings
about a deterioration in the output performance, low-tem-
perature performance and long-cycle life performance of a
battery, it has not been put to practical use yet.

[0006] Various trials have been made to improve the char-
acteristics of a negative electrode. JP-A 2002-42889 (KO-
KAI) discloses that a negative electrode with a current col-
lector made of aluminum or an aluminum alloy, which
supports a specific metal, alloy or compound is used in a
nonaqueous electrolyte secondary battery. Also, JP-A 2004-
296256 (KOKAI) discloses that an area where a negative
electrode active material layer is not formed is disposed on
the negative electrode current collector described in the fore-
going JP-A 2002-42889 (KOKAI) and this area is made to
face a positive electrode active material layer through a sepa-
rator to improve safety and reliability when a nonaqueous
electrolyte secondary battery overcharges. Moreover, JP-A
2004-296256 (KOKAI) also discloses that lithium-nickel-
cobalt-aluminum oxide represented by the formula, LiNi,
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sCO, sCOy, 15Al; 45O, 1s used as a positive electrode active
material. As disclosed in JP-A 2004-296256 (KOKAI), if a
solid solution containing a heterogeneous element such as Al
is used as a positive electrode active material, the amount of
lithium absorbed in the positive electrode active material is
reduced.

[0007] Inthe meantime, JP-A 2001-143702 (KOKAI) dis-
closes a method using, as a negative electrode active material,
secondary particles obtained by coagulating primary particles
having an average particle diameter less than 1 um which are
made of a lithium titanate compound represented by the for-
mula, Li,Ti;_,0, (0<a<3), into granules having an average
particle diameter of 5 to 100 pum, to thereby suppress the
coagulation of secondary particles, thereby increasing the
production yield of a large-area negative electrode for large-
size batteries.

[0008] Also, studies are made as to an improvement of a
nonaqueous electrolyte to thereby attain low-temperature
performance and high-temperature cycle life performance at
the same time. However, a nonaqueous electrolyte having
high ion conductivity at low temperatures tends to react easily
with a positive electrode at high temperatures, leading to
remarkably reduced cycle life performance.

BRIEF SUMMARY OF THE INVENTION

[0009] According to a first aspect of the present invention,
there is provided a nonaqueous electrolyte battery compris-
ing:

[0010] a positive electrode containing active material par-
ticles and a coating material which covers a surface of each of
the active material particles, wherein the active material par-
ticles are represented by any one of the following formulae
(1) to (3) and have an average particle diameter of 0.1 to 10
um, the coating material comprises at least particles having an
average particle diameter of 60 nm or less or layers having an
average thickness of 60 nm or less, the particles or the layers
containing at least one element selected from the group con-
sisting of Mg, Ti, Zr, Ba, B and C;

[0011] a negative electrode including a metal compound
absorbing lithium ions at 0.4 V (vs. Li/Li*) or more;

[0012] a separator interposed between the positive elec-
trode and the negative electrode; and

[0013] a nonaqueous electrolyte including a mixture sol-
vent and a lithium salt to be dissolved in the mixture solvent,
the mixture solvent containing a first nonaqueous solvent
containing at least one of propylene carbonate and ethylene
carbonate and a second nonaqueous solvent containing at
least one of y-butyrolactone and a nonaqueous solvent having
a nitrile group and a molecular weight of 40 to 100, and a
content of the second nonaqueous solvent in the mixture
solvent being 10 to 70% by volume:

LiM1,0, 0
Li;M2,,,04 @
Li,M3,PO, ©)

where M1, M2 and M3, which may be the same or different,
respectively represent at least one element selected from the
group consisting of Mn, Ni, Co and Fe, and X, y, z, w, s and t
satisfy the following requirements: O<x=<l.l, 0.8=<y=1.1,
0<z=1.1,0.8=sw=1.1, O<s=1.1 and 0.8=t<1.1.



US 2014/0212769 Al

[0014] According to a second aspect of the present inven-
tion, there is provided a battery pack comprises a nonaqueous
electrolyte battery, the nonaqueous electrolyte battery com-
prising:

[0015] a positive electrode containing active material par-
ticles and a coating material which covers a surface of each of
the active material particles, wherein the active material par-
ticles are represented by any one of the following formulae
(1) to (3) and have an average particle diameter of 0.1 to 10
um, the coating material comprises at least particles having an
average particle diameter of 60 nm or less or layers having an
average thickness of 60 nm or less, the particles or the layers
containing at least one element selected from the group con-
sisting of Mg, Ti, Zr, Ba, B and C;

[0016] a negative electrode including a metal compound
absorbing lithium ions at 0.4 V (vs. Li/Li*) or more;

[0017] a separator interposed between the positive elec-
trode and the negative electrode; and

[0018] a nonaqueous electrolyte including a mixture sol-
vent and a lithium salt to be dissolved in the mixture solvent,
the mixture solvent containing a first nonaqueous solvent
containing at least one of propylene carbonate and ethylene
carbonate and a second nonaqueous solvent containing at
least one of y-butyrolactone and a nonaqueous solvent having
a nitrile group and a molecular weight of 40 to 100, and a
content of the second nonaqueous solvent in the mixture
solvent being 10 to 70% by volume:

Li,M1,0, o)
LiM2,,0, @
Li,M3,P0, 3)

where M1, M2 and M3, which may be the same or different,
respectively represent at least one element selected from the
group consisting of Mn, Ni, Co and Fe, and x, y, z, w, s and t
satisfy the following requirements: O<x=<l.l, 0.8=<y=l.1,
0O<z=1.1, 0.8=w=1.1, O<s<1.1 and 0.8<t<1.1.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0019] FIG. 1 is a partially broken sectional view showing
a nonaqueous electrolyte battery according to a first embodi-
ment;

[0020] FIG. 2 is an enlarged sectional view of an essential
part of an electrode group of a nonaqueous electrolyte battery
shown in FIG. 1;

[0021] FIG. 3 is a partially broken perspective view show-
ing another nonaqueous electrolyte battery according to a first
embodiment;

[0022] FIG. 4 is an explosion perspective view of a battery
pack according to a second embodiment;

[0023] FIG.5 is a block diagram showing an electric circuit
of a battery pack of FIG. 4; and

[0024] FIG. 6 is an electronic microphotograph of a posi-
tive electrode active material used in a nonaqueous electrolyte
battery of Example 1.

DETAILED DESCRIPTION OF THE INVENTION

First Embodiment

[0025] A nonaqueous electrolyte battery according to this
embodiment comprises the structures shown in the following
(A)to (O).
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[0026] (A) The nonaqueous electrolyte contains a mixture
solvent and a lithium salt to be dissolved in the mixture
solvent. This mixture solvent contains a first nonaqueous
solvent constituted of one or more of propylene carbonate
(PC) and ethylene carbonate (EC) and a second nonaqueous
solvent constituted of one or more of y-butyrolactone and a
nonaqueous solvent having a molecular weight of 40 to 100
and a nitrile group. The content of the second nonaqueous
solvent in the mixture solvent is 10 to 70% by volume.

[0027] (B) The positive electrode contains active material
particles and a coating material which exists on the surface of
each of the active material particles. The active material par-
ticles are represented by any one of the following formulae
(1) to (3) and have an average particle diameter of 0.1 to 10
um. The coating material can be made of particles which
contain at least one element selected from the group consist-
ing of Mg, Ti, Zr, Ba, B and C and have an average particle
diameter of 60 nm or less. Also, the coating material can be
made of layers which contain at least one element selected
from the group consisting of Mg, Ti, Zr, Ba, B and C and have
an average thickness of 60 nm or less. Further, the coating
material can be made of both of the particles and the layers.

LiM1,0, )
Li,M2,, 0, ()]
Li,M3,PO, 3
[0028] Here, M1, M2 and M3, which may be the same or

different, respectively represent at least one element selected
from the group consisting of Mn, Ni, Co and Fe, and x, y, z, w,
s and t satisfy the following requirements: O<x=<1.1, 0.8<y=l1.
1, 0<z=1.1, 0.8=w=l.1, O<s<1.1 and 0.8=t<1.1. X, y, Z, W, §
and t are preferably in the following ranges: O<xxl,
0.98<y=1.05, 0<z=<1, 0.98=w=1.05, O<s=<1 and 0.98=t=<1.05.

[0029] (C) The negative electrode contains a metal com-
pound that absorbs lithium ions at 0.4 V (vs. Li/Li*) or more.

[0030] The present invention is based on the finding that
when the positive electrode described in the above (B) and the
negative electrode described in the above (C) are used, the
nonaqueous electrolyte having the composition shown in the
above (A) is limited in redox decomposition at high tempera-
tures, to thereby make it possible to attain low-temperature
performance and high-temperature cycle life performance at
the same time.

[0031] The above nonaqueous solvent which has a nitrile
group and a molecular weight of 40 to 100 and y-butyrolac-
tone respectively have a relatively small molecular weight
and a high dielectric constant and therefore greatly contribute
to an improvement in the ionic conduction ability of the
nonaqueous electrolyte. In the mixture solvent containing the
second nonaqueous solvent and first nonaqueous solvent con-
stituted of the above solvent, the ratio of the second nonaque-
ous solvent is designed to be 10 to 70% by volume, which
remarkably improves large-current discharge performance
and output performance in a wide temperature range from a
temperature as low as about —40° C. to a temperature as high
as about 45° C. One factor for this is that a lithium salt having
a high concentration can be dissolved in the above mixture
solvent even in a low-temperature environment. The ratio of
the second nonaqueous solvent in the mixture solvent is more
preferably 50 to 67% by volume. This further improves the
output performance of the battery in a low-temperature envi-
ronment (for example, -40° C.).
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[0032] This nonaqueous electrolyte has the excellent char-
acteristics as mentioned above, whereas it easily undergoes
oxidation decomposition and reduction decomposition at
high temperatures and therefore deteriorates in high-tempera-
ture cycle life performance, failing to attain the low-tempera-
ture performance and high-temperature performance at the
same time. Since the negative electrode described in the
above (C) can limit the reduction decomposition of the sec-
ond solvent, it can decrease the formation of an insulating
coating on the surface of the negative electrode. Then, the
positive electrode described in the above (B) can limit the
oxidation decomposition reaction of the second solvent with-
out decreasing the effect of the negative electrode on the
limitation to the reduction decomposition of the second sol-
vent. Therefore, when the positive and negative electrodes as
described in the above (B) and (C) are used, the oxidation
decomposition and reduction decomposition of the nonaque-
ous electrolyte having the composition described in the above
(A) at high temperatures can be limited and therefore, a
nonaqueous electrolyte battery which is superior in both low-
temperature output performance and high-temperature cycle
life performance and is improved in high-temperature storage
performance can be attained.

[0033] Explanations will be given as to each member of the
nonaqueous electrolyte battery according to this embodi-
ment.

[0034] 1) Nonaqueous Electrolyte

[0035] The nonaqueous electrolyte has the structure
explained in the above (A).

[0036] As the nonaqueous solvent having a nitrile group
and a molecular weight of 40 or more and 100 or less, one or
more nonaqueous solvents selected from acetonitrile (AN),
propionitrile (PN), methoxyacetonitrile (MAN) and 3-meth-
oxypropionitrile (MPN) may be used. Because this brings
about an increase in the lithium ion conduction ability of the
nonaqueous electrolyte under low temperature (for example,
-40° C.) to high temperature (for example 45° C.) environ-
ments, whereby the output performance of the battery can be
more improved.

[0037] Also, when as the second nonaqueous solvent, one
or more nonaqueous solvents selected from the group con-
sisting of y-butyrolactone (GBL), propionitrile (PN), meth-
oxyacetonitrile (MAN) and 3-methoxypropionitrile (MPN)
are used, the vapor pressure of the nonaqueous electrolyte is
reduced at high temperatures, making it possible to use a thin
outer package such as a laminate film, which is suitable for the
development of a thin type light-weight battery.

[0038] The mixture solvent may contain cyclic carbonates,
chain carbonates such as diethyl carbonate (DEC), dimethyl
carbonate (DMC) and methyl ethyl carbonate, chain ethers
such as dimethoxy ethane (DME) and diethoxy ethane
(DEE), cyclic ethers such as tetrahydrofuran (THF) and diox-
olan (DOX) and sulfolane (SL).

[0039] Examples of the lithium salt (lithium salt electro-
lyte) include lithium perchlorate (LiClO,), lithium hexafluo-
rophosphate (LiPF), lithium tetrafluoroborate (LiBF,),
lithium hexafluoroarsenate (LiAsFy), lithium trifluorometha-
sulfonate  (LiCF;80;), bistrifluoromethylsulfonylimide
lithium [LiN(CF;S0,),], LiN(C,Fs80,),, Li(CF;S80,),C
and LiB[(OCO),],. One or two or more types of electrolytes
may be used. Among these materials, lithium tetrafluorobo-
rate (LiBF,) and LiB[(OCO),], are preferable. Lithium tet-
rafluoroborate (LiBF,) is particularly preferable. When the
lithium salt contains LiBF,,, the concentration of LiBF, in the
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mixture solvent is possible to be 1.5 mol/L or more, whereby
the chemical stability of the second nonaqueous solvent is
improved and also the electric resistance of the film on the
negative electrode can be decreased. As a result, the low-
temperature output performance and cycle life performance
of the battery can be outstandingly improved.

[0040] The foregoing mixture solvent containing the first
and second nonaqueous solvents has a high dielectric con-
stant though it has a low viscosity and therefore, a lithium salt
having a high concentration may be dissolved and used.
Accordingly, the concentration of the lithium salt in the mix-
ture solvent is preferably in the range of 1.5 mol/LL to 2.5
mol/L. This ensures that high power can be drawn in a low-
temperature environment. When the concentration of the
lithium saltis less than 1.5 mol/L, the concentration of lithium
ions at the boundary between the positive electrode and the
nonaqueous electrolyte when the battery discharges under a
large current sharply lowers and there is therefore a concern
that the power remarkably lowers. When the concentration of
the lithium salt exceeds 2.5 mol/L on the other hand, the
viscosity of the nonaqueous electrolyte is so high that the
transfer speed of lithium ions is reduced and there is the
possibility of a significant reduction in power.

[0041] Asthenonaqueous electrolyte, besides aliquid elec-
trolyte prepared by dissolving a lithium salt in a nonaqueous
solvent, a gel electrolyte obtained by forming a complex of
the foregoing liquid electrolyte and a polymer material or a
solid electrolyte obtained by forming a complex of a lithium
salt and a polymer material may be used. Examples of the
polymer material include polyvinylidene fluoride (PVdF),
polyacrylonitrile (PAN) and polyethylene oxide (PEO). Also,
the nonaqueous electrolyte may contain a room temperature
molten salt made of a nonvolatile and noninflammable ionic

liquid.
[0042] 2) Negative Electrode
[0043] This negative electrode comprises a negative elec-

trode current collector and a negative electrode layer which is
supported on one or both surfaces of the negative electrode
current collector and contains an active material, a conductive
agent and a binder.

[0044] As the active material of the negative electrode, the
metal compound explained in the above (C) is used. The
reason why the lithium ion absorbing potential of the metal
compound is limited to 0.4 V (vs. Li/L.i*) or more is explained
below. Examples of the active material that absorbs lithium
ions at a potential less than 0.4 V (vs. Li/Li*) include carbon-
aceous materials and lithium metals. If these active materials
are used, the reduction decomposition of the second solvent
occurs and the battery is deteriorated not only in output per-
formance and charge and discharge cycle performance but
also in other performances. The upper limit of the lithium ion
absorbing potential is preferably 3 V (vs. Li/Li*) and more
preferably 2V (vs. Li/Li*).

[0045] The metal compound capable of absorbing lithium
ions at a potential range of 0.4 to 3V (vs. Li/Li*) is desirably
metal oxides, metal sulfides or metal nitrides.

[0046] Examples of the metal oxides include lithium-tita-
nium containing composite oxides such as titanium oxide and
lithium-titanium oxide, tungsten oxides such as WO;, amor-
phous tin oxides such as SnB, ,P, (O, ;, tin-silicon oxides
such as SnSiO; and silicon oxides such as SiO. Among these
compounds, titanium oxides and lithium-titanium oxides are
preferable. The use of these lithium-titanium oxide and tita-
nium oxide prevents the second nonaqueous solvent from
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reduction decomposition, which outstandingly improves the
cycle life performance of the battery at high temperatures.
[0047] Examples of the lithium-titanium oxides include
lithium titanate having a spinel structure such as Li,, TisO,,
(x varies in the range: —1=x<3, depending on a charge/dis-
charge reaction) and lithium titanate having a ramsdellite
structure such as Li,, Ti;0, (y varies in the range: -1<y=3,
depending on a charge/discharge reaction).

[0048] As the titanium oxide, those containing Li or no Li
before charging may be allused. Examples of titanium oxides
containing no Li before charge/discharge operations, that is,
in their synthesis include titanium oxides such as TiO, and
titanium composite oxides containing Ti and at least one
element selected from the group consisting of P, V, Sn, Cu, Ni
and Fe. TiO, is preferably one which is an anatase type, is
heat-treated at a temperature of 300 to 500° C. and has low
crystallinity. Examples of the titanium composite oxides
include TiO,—P,04, TiO,—V,04, TiO,—P,0,—Sn0O, and
TiO,—P,0,—MeO (Meis at least one element selected from
the group consisting of Cu, Ni and Fe). The above titanium
composite oxide preferably has low crystallinity and has a
microstructure in which a crystal phase and an amorphous
phase coexist or an amorphous phase exists independently.
When the titanium composite oxide has such a microstruc-
ture, the cycle performance can be outstandingly improved.

[0049] Examples of titanium oxides include Li,TiO,
(O=a<1.1).
[0050] Examples of the metal sulfides include titanium sul-

fide such as TiS,, molybdenum sulfide such as MoS, and iron
sulfide such as FeS, FeS, and Li FeS,.

[0051] Examples of the metal nitrides include lithium-co-
balt nitride such as Li,Co, N (0<x<4, 0<y<0.5).

[0052] The average particle diameter of the metal com-
pound is preferably 1 pm or less. When the average particle
diameter exceeds 1 pum, there is a concern that the nonaqueous
electrolyte battery fails to obtain high output performance.
However, when the average particle diameter is small, this
causes easy coagulation of particles, so that the distribution of
the nonaqueous electrolyte is inclined to the negative elec-
trode and there is therefore a concern that the exhaustion of
the electrolyte at the positive electrode is caused and there-
fore, the lower limit of the particle diameter is desirably
designed to be 0.001 pm.

[0053] The metal compound desirably has the average par-
ticle diameter of 1 pum or less and the specific surface area
when it is measured by a BET method using N, adsorption in
the range of 3 to 200 m*/g. This further improves the affinity
of the negative electrode to the nonaqueous electrolyte.

[0054] The specific surface area of the negative electrode is
desirably in the range of 3 to 50 m*/g. The specific surface
area is more preferably in the range of 5 to 50 m*/g. Here, the
specific surface area of the negative electrode means a surface
area per 1 g of the negative electrode layer excluding the
current collector. Also, the negative electrode layer is a porous
layer which is supported on the current collector and includes
anegative electrode active material, a conductive agent and a
binder.

[0055] The porosity of the negative electrode excluding the
current collector is desirably designed to be in the range of 20
to 50%. This makes possible to obtain a negative electrode
having high affinity to the nonaqueous electrolyte and a high
density. The porosity is more preferably in the range of 25 to
40%.
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[0056] The negative electrode current collector is desirably
an aluminum foil or an aluminum alloy foil. The thickness of
the aluminum foil or aluminum alloy foil is preferably 20 pm
or less and more preferably 15 um or less. The purity of the
aluminum foil is preferably 99.99 mass % or more. As the
aluminum alloys, alloys containing elements such as magne-
sium, zinc and silicon are preferable. In the meantime, the
content of transition metals such as iron, copper, nickel and
chromium in the negative electrode current collector is desir-
ably designed to be 100 mass-ppm or less.

[0057] As the conductive agent, for example, carbon mate-
rials may be used. Examples of the carbon materials include
acetylene black, carbon black, cokes, carbon fibers, graphite,
aluminum powder and TiO. As the conductive agent, cokes
which have an average particle diameter of 10 um or less and
are heat-treated at a temperature from 800° C. to 2000° C.,
graphite, TiO powder and carbon fibers having an average
fiber diameter of 1 um or less are more preferable. The BET
specific surface area of the above carbon material measured
using N, adsorption is 10 m*/g or more.

[0058] Examples of the binder include polytetrafluoro-eth-
ylene (PTFE), polyvinylidene fluoride (PVdF), fluorine rub-
bers, styrene butadiene rubber and core-shell binders.
[0059] The compounding ratio of the above negative elec-
trode active material, conductive agent and binder is prefer-
ably as follows: the negative electrode active material:80 to
95% by weight, the conductive agent:3 to 18% by weight and
the binder:2 to 7% by weight.

[0060] The negative electrode is manufactured, for
example, by suspending the aforementioned negative elec-
trode active material, conductive agent and binder in a proper
solvent and by applying this suspension to the current collec-
tor, followed by drying and pressing under heating.

[0061] 3) Positive Electrode

[0062] This positive electrode comprises a positive elec-
trode current collector, and a positive electrode layer which is
supported on one or both surfaces of the positive electrode
current collector and contains an active material, a conductive
agent and a binder.

[0063] The active material of the positive electrode con-
tains the active material particles and coating material which
are explained in the above (B).

[0064] First, the active material particles represented by the
formula (1) will be explained. M1 is desirably at least one
element selected from the group consisting of Mn, Ni and Co.
More preferable examples of the positive electrode active
material include lithium-manganese composite oxides such
as Li, MnO,, lithium-nickel-cobalt composite oxides such as
LiNi,_,Co,0, (0.1=a<0.5), lithium-cobalt composite
oxides such as Li,CoQO,, lithium-nickel-manganese-cobalt
composite oxides such as Li,Ni, _, Mn,Co_ O, (0.1=b=<0.5,
0=c=0.5) and lithium-manganese-cobalt composite oxides
suchas Li,Mn,_Co 0, (0.1=d=0.5). These compounds have
high heat stability and ensure high safety.

[0065] With regard to the active material particles repre-
sented by the formula (2), M2 is desirably at least one element
selected from the group consisting of Mn and Ni. More pref-
erable examples of the positive electrode active material
include Li_Mn,O, and spinel type lithium-manganese-nickel
composite oxides suchas Li,Mn,__Ni O, (0.3=e<0.8). These
compounds have high heat stability and ensure high safety.
[0066] With regard to the active material particles repre-
sented by the formula (3), M3 is desirably at least one element
selected from the group consisting of Fe, Mn and Co. More
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preferable examples of the positive electrode active material
include lithium-phosphorous oxides having an olivine struc-
ture. Examples of the lithium-phosphorous oxide include Li,-
FePO,, LiFe,_MnPO, (0=f=1), Li NiPO,, and Li,CoPO,.
These compounds have high heat stability and ensure high
safety.

[0067] Particularly, examples of the positive electrode
active material which is significantly improved in low-tem-
perature output performance and high-temperature cycle life
performance when the mixture solvent explained in the above
(A) is used include LiCoO,, LiNi,_, ., Mn,Co.O,,
LiMn,O,, Li Mn,_ _Ni O, and Li,FePO,. This is because the
growth of a film formed on the surface of the positive elec-
trode is suppressed, so that the electric resistance of the posi-
tive electrode is decreased. Also, the stability of the battery in
a high-temperature environment is improved, thereby
remarkably improving storage stability.

[0068] The elements such as Mg, Ti, Zr, Ba and B are
preferably adsorbed to the surface of active material particles
in the form of compound particles such as metal oxide par-
ticles and phosphorous oxide particles. Or, the foregoing
element is preferably made into the form of compound layers
such as metal oxide layers or phosphorous oxide layers to
cover the surface of the active material particles instead of
being adsorbed in the form of compound particles. Examples
of the above metal oxides include MgO, ZrO,, TiO,, BaO and
B,0O;. Examples of the above phosphorous oxides include
Mg, (PO,),. As to C, carbon particles are preferably adsorbed
to the surface of the active material particles.

[0069] Inthe case of using particles (hereinafter referred to
as element-containing particles) containing at least one ele-
ment selected from the group consisting of Mg, Ti, Zr, Ba, B
and C, the average particle diameter of the active material
particles is designed to be 0.1 pm or more and 10 um or less
and the average particle diameter of the element-containing
particles is designed to be 60 nm or less. If the average particle
diameter of the element-containing particles is set to 60 nm or
less when the average particle diameter of the active material
particles is less than 0.1 um, a large part of the surface of the
active material particles is coated with the element-contain-
ing particles and therefore, the ability of the active material
particles to absorb and release lithium ions is hindered by the
element-containing particles, resulting in no improvement in
performance. Also, if the average particle diameter of the
element-containing particles is set to 60 nm or less when the
average particle diameter of the active material particles
exceeds 10 um, the element-containing particles are present
sparsely on the surface of the active material particles and
therefore, the effect of suppressing the oxidation decomposi-
tion of the second nonaqueous solvent is not obtained. When
the average particle diameter of the active material particles is
designed to be from 0.1 pm to 10 um and the average particle
diameter of the element-containing particles is designed to be
60 nm or less, the oxidation decomposition reaction of the
second nonaqueous solvent can be suppressed without hin-
dering the positive electrode active material from absorbing
and releasing lithium ions. The lower limit of the average
particle diameter of the element-containing particles is desir-
ably designed to be 0.1 nm in order to obtain a satisfactory
effect.

[0070] Inthecaseofusingthelayers (hereinafter referredto
as element-containing layers) containing at least one element
selected from the group consisting of Mg, Ti, Zr, Ba, Band C,
the average particle diameter of the active material particles is
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designed to be 0.1 um or more and 10 pm or less and the
average thickness of the element-containing layers is
designed to be 60 nm or less. If the average thickness of the
element-containing layers is set to 60 nm or less when the
average particle diameter of the active material particles is
less than 0.1 pm, the ratio of the thickness of the element-
containing layers to the size of the active material particles is
large and therefore, the ability of the active material particles
to absorb and release lithium ions is hindered by the element-
containing layers, resulting in no improvement in perfor-
mance. Also, if the average thickness of the element-contain-
ing layers is set to 60 nm or less when the average particle
diameter of the active material particles exceeds 10 um, the
ratio of the thickness of the element-containing layers to the
size of the active material particles is unsatisfactory and
therefore the oxidation decomposition of the second non-
aqueous solvent is not suppressed. When the average particle
diameter of the active material particles is designed to be from
0.1 um to 10 um and the average thickness of the element-
containing layers is designed to be 60 nm or less, the oxida-
tion decomposition reaction of the second nonaqueous sol-
vent can be suppressed without hindering the positive
electrode active material from absorbing and releasing
lithium ions. The lower limit of the average thickness of the
element-containing layers is desirably designed to be 0.1 nm
in order to obtain a satisfactory effect.

[0071] When the foregoing coating material is formed on
the surface of each of the active material particles represented
by the above formula (1) or (2), the reactivity of the positive
electrode active material to the nonaqueous electrolyte can be
lowered because the crystallinity of the coating material is
lower than that of the active material particles. This limits the
oxidation decomposition reaction of the second nonaqueous
solvent. In this case, the element to be used in the coating
material is preferably Mg, Ti, Zr, Ba or B. Particularly pref-
erable element is Mg and Ti.

[0072] When the coating material mentioned above is
formed on each of the active material particles represented by
the formula (3), the electroconductivity of the active material
particles is improved, so that the overvoltage of the positive
electrode is reduced, and it is therefore possible to suppress
the oxidation decomposition of the second nonaqueous sol-
vent and particularly, the oxidation decomposition of the
second nonaqueous solvent during charging. In this case, C,
Mg or Ti is preferable as the element used for the coating
material. Among these elements, C is particularly preferable.

[0073] The weight of the coating material preferably cor-
responds to 0.001% by weight or more and 3% by weight or
less of the total weight of the active material particles and
coating material. When the weight of the coating material
exceeds the above maximum value, this causes an increase in
the electric resistance at the boundary between the positive
electrode and the nonaqueous electrolyte, leading to a dete-
rioration in output performance and is therefore not preferred.
Also, when the weight of the coating material is less than the
above minimum value, this is not preferred because the reac-
tivity of the coating material with the nonaqueous electrolyte
is increased in a high-temperature environment, bringing
about a significant deterioration in cycle life performance.
The weight ratio is more preferably 0.01 to 1% by weight.

[0074] Theaverage particle diameter and average thickness
of the active material particles, element-containing particles
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and element-containing layers are found by TEM image
observation and by the measurement of elemental distribution
image using EDX.

[0075] The positive electrode active material is obtained by
dispersing the active material particles in a solution contain-
ing at least one element selected from the group consisting of
Mg, Ti, Zr, Ba, B and C, followed by drying and by baking the
dried dispersion at 400 to 800° C. As to the baking atmo-
sphere, the dried dispersion is baked in a reducing atmosphere
when C is used as the element or in the air when elements
other than C is used.

[0076] Examples of the conductive agent include acetylene
black, carbon black and graphite.

[0077] Examples of the binder include polytetrafluoro-eth-
ylene (PTFE), polyvinylidene fluoride (PVdF) and fluorine
rubbers.

[0078] The compounding ratio of the above positive elec-
trode active material, conductive agent and binder is prefer-
ably as follows: the positive electrode active material:80 to
95% by weight, the conductive agent:3 to 19% by weight and
the binder:1 to 7% by weight.

[0079] The positive electrode is manufactured, for
example, by suspending the positive electrode active mate-
rial, conductive agent and binder in a proper solvent and by
applying this suspension to the current collector made of an
aluminum foil or an aluminum alloy foil, followed by drying
and pressing. The specific surface area of the positive elec-
trode layer is measured by a BET method in the same manner
as in the case of the negative electrode and is preferably in the
range of 0.1 to 2 m*/g.

[0080] The current collector is preferably made of an alu-
minum foil or an aluminum alloy foil. The thickness of the
current collector is preferably 20 um or less and more pref-
erably 15 pA or less.

[0081] 4) Separator

[0082] A separator is provided between the positive elec-
trode and the negative electrode. As the separator, a porous
film, a nonwoven fabric or the like may be used. Examples of
its structural material include synthetic resins (polyolefins
such as polyethylene and polypropylene) and cellulose. One
or two or more structural materials may be used. Specific
examples of the separator include nonwoven fabrics made of
synthetic resins, polyethylene porous films, polypropylene
porous films and nonwoven fabrics made of celluloses.
[0083] 5) Container

[0084] As the container receiving the positive electrode,
negative electrode and nonaqueous electrolyte, a metal con-
tainer or laminate film container may be used.

[0085] As the metal container, metallic cans which are
made of aluminum, an aluminum alloy, iron or stainless and
have an angular shape or cylinder form may be used. Also, the
plate thickness of the container is desirably 0.5 mm or less
and more preferably 0.3 mm or less.

[0086] Examples of the laminate film include multilayer
films obtained by coating an aluminum foil with a resin film.
As the resin, a polymer such as polypropylene (PP), polyeth-
ylene (PE), nylon and polyethylene terephthalate (PET) may
be used. Also, the thickness of the laminate film is preferably
0.2 mm or less. The purity of the aluminum foil is preferably
99.5% or more.

[0087] The metallic can made of an aluminum alloy is
preferably made of alloys which contain elements such as
manganese, magnesium, zinc and silicon and have an alumi-
num purity of 99.8% or less. Because the strength of the
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metallic can made of an aluminum alloy is outstandingly
increased, whereby the wall thickness of the can be
decreased. As a result, a thin, light-weight and high power
battery having excellent radiating ability can be attained.

[0088] The nonaqueous electrolyte battery according to
this embodiment is shown in FIGS. 1 and 2.

[0089] Asshown in FIG. 1, an electrode group 1 is received
in a rectangular cylindrical metallic can 2. The electrode
group 1 has a structure in which a separator 5 is interposed
between a positive electrode 3 and a negative electrode 4,
which is made to have a flat form and is coiled spirally. The
electrode group 1 is formed by laminating the positive elec-
trode 3 and negative electrode 4 through the separator 5
interposed therebetween into a flat form, and then coiling
these electrodes spirally followed by heating pressing. The
nonaqueous electrolyte (not shown) is supported by the elec-
trode group 1. A band-like positive electrode lead 6 is elec-
trically connected to the positive electrode 3. On the other
hand, a band-like negative electrode lead 7 is electrically
connected to the negative electrode 4. The positive electrode
lead 6 is electrically connected to a positive electrode con-
ductive tab 8 and these two members constitute a positive
electrode terminal. The negative electrode lead 7 is connected
to a negative electrode conductive tab 9 and these two mem-
bers constitute a negative electrode terminal. A seal plate 10
made of a metal is secured to an opening part of the metallic
container 2 by welding or the like. The positive electrode
conductive tab 8 and the negative electrode conductive tab 9
are respectively drawn to the outside from a drawing port
provided in the seal plate 10. The inside peripheral surface of
each drawing port of the seal plate 10 is coated with an
insulation member 11 to avoid the development of short cir-
cuits caused by the contact between the positive electrode
conductive tab 8 and the negative electrode conductive tab 9.

[0090] As shown in FIG. 2, the positive electrode 3 is con-
stituted of a positive electrode current collector 3a and a
positive electrode layer 35 laminated on both surfaces of the
positive electrode current collector 3a. On the other hand, the
negative electrode 4 is constituted of a negative electrode
current collector 4a and a negative electrode layer 45 lami-
nated on both surfaces of the negative electrode current col-
lector4a. In the electrode group 1, the positive electrode layer
354 is made to face the negative electrode layer 44 through the
separator 5 except for the start and end part of the coil as
shown in FIG. 2. The end part of the positive electrode layer
35 is projected over the end part of the negative electrode 45
atboth end surfaces of the electrode group 1, perpendicular to
a coil axis direction L. In other words, the positive electrode
layer 3b covers the negative electrode layer 45 through the
separator 5. As a result, the potential at the end part of the
positive electrode layer 35 becomes almost the same as the
potential at the center of the positive electrode 35 which faces
the negative electrode layer 45 and therefore, such a phenom-
enon that the end part of the positive electrode layer 35 falls
into an overcharge state is suppressed. This limits a reaction
between a positive electrode active material contained in the
end part of the positive electrode layer 35 and the nonaqueous
electrolyte. When the end part of the negative electrode layer
is projected over the end part of the positive electrode, that is,
when the negative electrode layer covers the positive elec-
trode layer, the positive electrode potential at the end part of
the positive electrode layer is affected by the negative elec-
trode potential at the part of an unreacted negative electrode
layer projected over the positive electrode layer. Therefore,
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the potential at the end part of the positive electrode layer is an
overcharge state when the battery is made to fully charge,
whereby the cycle life performance of the battery is remark-
ably reduced. Accordingly, the area of the positive electrode
layer is desirably larger than that of the negative electrode
layer. Moreover, it is desirable to constitute an electrode
group by coiling or laminating the positive electrode layer,
separator and negative electrode layer in the condition that the
positive electrode layer is made to face the negative electrode
layer via the separator and the positive electrode layer is
projected over the negative electrode layer.

[0091] Thearearatio (Sp/Sn) of the area (Sp) of the positive
electrode layer to the area (Sn) of the negative electrode layer
is preferably in the range of 1.001 or more and 1.2 or less.
When this area ratio exceeds the above range, the effect of
improving the high-temperature storage performance is
reduced, while the output density of the battery is rather
reduced. Also, when the area ratio is less than 1.001, the
high-temperature storage performance of the battery is rap-
idly reduced. The area ratio is more preferably in the range of
1.01 to 1.1. The length ratio (Lp/Ln) of the width (Lp) of the
positive electrode to the width (Ln) of the negative electrode
is preferably in the range of 1.001 to 1.1.

[0092] As is illustrated in FIG. 1, a container made of a
laminate film may be used instead of using a metallic con-
tainer. This example is shown in FIG. 3. In FIG. 3, the same
members that are shown in FIG. 1 are designated by the same
symbols and explanations of these members are omitted. As
shown in FIG. 3, an electrode group 1 is received in a laminate
film container 12 formed with heat seal parts on the three
sides of the container. A positive electrode terminal 13 dou-
bling as a lead and a conductive tab is electrically connected
to a positive electrode 3 of the electrode group 1. On the other
hand, a negative electrode terminal 14 doubling as a lead and
a conductive tab is electrically connected to a negative elec-
trode 4 of the electrode group 1. Each end of the positive
electrode terminal 13 and negative electrode terminal 14 is
drawn from a heat seal part of the short sides of a container 12.

[0093] Itisto be noted that the shape of the electrode group
is not limited to the flat and spiral form as illustrated in FIGS.
1 and 3 but may be, for example, a cylindrical and spiral form
or a laminate structure. In the case of using a laminate struc-
ture, a seat-like separator may be interposed between the
positive electrode and the negative electrode, or a positive
electrode or a negative electrode may be received in a bag-like
separator and one electrode received in the bag-like separator
may be laminated alternately on the other electrode. More-
over, a laminate structure may be formed in which a separator
is folded zigzag and a positive electrode and a negative elec-
trode are alternately inserted between folded separator parts.
In the case of an electrode group having a laminate structure,
the end part of the positive electrode layer may be projected
over the end part of the negative electrode layer on at least one
side of the electrode group.

Second Embodiment

[0094] The battery pack according to the second embodi-
ment comprises the nonaqueous electrolyte battery according
to the first embodiment. The number of nonaqueous electro-
lytes may be two or more. It is desirable that the nonaqueous
electrolyte battery according to the first embodiment be used
as a unit cell and each unit cell be connected electrically in
series or in parallel to constitute a battery module. An
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example of the battery pack according to the second embodi-
ment is shown in FIGS. 4 and 5.

[0095] A unit cell 21 in a battery pack shown in FIG. 4 is
constituted from, for example, a flat type nonaqueous elec-
trolyte battery shown in FIG. 3. However, the unit cell 21 is
not limited to this flat type nonaqueous electrolyte battery. A
flat type nonaqueous electrolyte battery as shown in FIG. 1
may be used.

[0096] The plural unit cells 21 are stacked one upon the
other in the thickness direction in a manner to align the
protruding directions of the positive electrode terminals 13
and the negative electrode terminals 14. As shown in FIG. 5,
the unit cells 21 are connected in series to form a battery
module 22. The unit cells 21 forming the battery module 22
are made integral by using an adhesive tape 23 as shown in
FIG. 4.

[0097] A printed wiring board 24 is arranged on the side
surface of the battery module 22 toward which protrude the
positive electrode terminals 13 and the negative electrode
terminals 14. As shown in FIG. 5, a thermistor 25, a protective
circuit 26 and a terminal 27 for current supply to the external
equipment are connected to the printed wiring board 24.

[0098] As shown in FIGS. 4 and 5, a wiring 28 on the side
of' the positive electrodes of the battery module 22 is electri-
cally connected to a connector 29 on the side of the positive
electrode of the protective circuit 26 mounted to the printed
wiring board 24. On the other hand, a wiring 30 on the side of
the negative electrodes of the battery module 22 is electrically
connected to a connector 31 on the side of the negative elec-
trode of the protective circuit 26 mounted to the printed wir-
ing board 24.

[0099] The thermistor 25 detects the temperature of the unit
cell 21 and transmits the detection signal to the protective
circuit 26. The protective circuit 26 is capable of breaking a
wiring 31a on the positive side and a wiring 315 on the
negative side, the wirings 31e¢ and 3156 being stretched
between the protective circuit 26 and the terminal 27 for
current supply to the external equipment. These wirings 31a
and 314 are broken by the protective circuit 26 under pre-
scribed conditions including, for example, the conditions that
the temperature detected by the thermistor is higher than a
prescribed temperature, and that the over-charging, over-dis-
charging and over-current of the unit cell 21 have been
detected. The detecting method is applied to the unit cells 21
or to the battery module 22. In the case of applying the
detecting method to each of the unit cells 21, it is possible to
detect the battery voltage, the positive electrode potential or
the negative electrode potential. On the other hand, where the
positive electrode potential or the negative electrode potential
is detected, lithium metal electrodes used as reference elec-
trodes are inserted into the unit cells 21.

[0100] In the case of FIG. 5, a wiring 32 is connected to
each of the unit cells 21 for detecting the voltage, and the
detection signal is transmitted through these wirings 32 to the
protective circuit 26.

[0101] Protective sheets 33 each formed of rubber or resin
are arranged on the three of the four sides of the battery
module 22, though the protective sheet 33 is not arranged on
the side toward which protrude the positive electrode termi-
nals 13 and the negative electrode terminals 14. A protective
block 34 formed of rubber or resin is arranged in the clearance
between the side surface of the battery module 22 and the
printed wiring board 24.



US 2014/0212769 Al

[0102] The battery module 22 is housed in a container 35
together with each of the protective sheets 33, the protective
block 34 and the printed wiring board 24. To be more specific,
the protective sheets 33 are arranged inside the two long sides
of the container 35 and inside one short side of the container
35. On the other hand, the printed wiring board 24 is arranged
along that short side of the container 35 which is opposite to
the short side along which one of the protective sheets 33 is
arranged. The battery module 22 is positioned within the
space surrounded by the three protective sheets 33 and the
printed wiring board 24. Further, a lid 36 is mounted to close
the upper open edge of the container 35.

[0103] Incidentally, it is possible to use a thermally shrink-
able tube in place of the adhesive tape 23 for fixing the battery
module 22. In this case, the protective sheets 33 are arranged
on both sides of the battery module 22 and, after the thermally
shrinkable tube is wound about the protective sheets, the tube
is thermally shrunk to fix the battery module 22.

[0104] The unit cells 21 shown in FIGS. 4 and 5 are con-
nected in series. However, it is also possible to connect the
unit cells 21 in parallel to increase the cell capacity. Of course,
it is possible to connect the battery packs in series and in
parallel.

[0105] Also, the embodiments of the battery pack can be
changed appropriately depending on the use of the battery
pack.

[0106] The battery pack of the second embodiment is pref-

erably applied to uses where cycle performance under a large
current is desired. Specific examples of the application of the
battery pack include uses as power sources of digital cameras,
and uses for vehicles such as two- to four-wheel hybrid elec-
tric cars, two- to four-wheel electric cars, power-assisted
bicycles and a rechargeable vacuum cleaner. The uses for
vehicles are particularly preferable.

[0107] The present invention will be explained in detail by
way of examples with reference to the drawings. However,
the present invention is not limited to the examples described
below.

Example 1

[0108] Lithium-nickel-cobalt-manganese composite active
material particles which had an average particle diameter
shown in the following Table 1 and a layer structure and is
represented by the formula, LiNi, ;Co,/,;Mn, ;O, were pre-
pared as active material particles. These active material par-
ticles were dispersed in an ethanol solution in which magne-
sium acetate (CH;COO0),Mg,H,O was dissolved, and then
dried. The dried dispersion was baked at the temperature
shown in Table 1, to thereby prepare a positive electrode
active material having a structure in which magnesium oxide
(represented by, for example, MgO, ,<x<1) microparticles
are stuck to the surface of the active material particles. The
average particle diameter of MgO, particles and amount of
MgO, particles to be stuck are shown in the following Table 1.
An electron microphotograph obtained when the positive
electrode active material was observed using TEM-EDX is
shown in FIG. 6. It can be confirmed from FIG. 6 that Mg
oxide was stuck granularly to the surface of the active mate-
rial particles.

[0109] To the obtained positive electrode material were
added a graphite powder as a conductive agent in an amount
of 8% by weight based on the total amount of the positive
electrode and PVdF as a binder in an amount of 5% by weight
based on the total amount of the positive electrode. These
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components were dispersed in n-methylpyrrolidone (NMP)
solvent to prepare a slurry. The obtained slurry was applied to
both surfaces of a 15-um-thick aluminum foil (purity: 99%),
which was then treated through drying and pressing processes
to manufacture a positive electrode in which the coating
amount on one surface was 12.8 mg/cm?, the thickness of the
positive electrode layer on one surface was 43 pm and the
electrode density was 3.0 g/cm®. The specific surface area of
the positive electrode layer was 0.5 m*/g.

[0110] Inthe meantime, alithium titanate (i, TisO,,) pow-
der having a spinel structure, an average particle diameter of
0.3 um, a BET specific surface area of 15 m*/g and Li absorb-
ing potential of 1.55V (vs. Li/Li*), a cokes powder having an
average particle diameter of 0.4 um and a BET specific sur-
face area of 50 m?/g, an acetylene black powder and PVdF
which was a binder were formulated in a ratio by weight of
90:6:2:2. These components were dispersed in a n-meth-
ylpyrrolidone (NMP) solvent and the dispersion was stirred at
1000 rpm for 2 hours by using a ball mill, to prepare a slurry.
The obtained slurry was applied to a 15-um-thick aluminum
alloy foil (purity: 99.3%), followed by drying and a heating
pressing process to manufacture a negative electrode in which
the coating amount on one surface was 13 mg/cm?, the thick-
ness of the negative electrode layer on one surface was 59 pm
and the electrode density was 2.2 g/cm®. The porosity of the
negative electrode excluding the current collector was 35%.
The BET specific surface area of the negative electrode layer,
that is, the surface area per 1 g of the negative electrode layer
was 10 m*/g.

[0111] A laser diffraction particle size analyzer (trade
name: SALD-300, manufactured by Shimadzu Corporation)
was used for the measurement of the particle diameter of the
negative electrode active material. After placing about 0.1 g
of the sample in a beaker, a surfactant and 1 to 2 mL of
distilled water were added to the sample and thoroughly
stirred, and the solution was injected into a stirring water
vessel. The light intensity distribution was measured 64 times
at an interval of 2 seconds, the particle size distribution data
was analyzed to determine the average particle diameter of
the negative electrode active material.

[0112] The BET specific surface area of the negative elec-
trode active material and negative electrode were measured
using N, adsorption in the following condition.

[0113] 1 g of the powdery negative electrode active mate-
rial or two negative electrodes of 2x2 cm® were prepared by
cutting as samples. As the BET specific surface area measur-
ing device, a device manufactured by Yuasa Ionics Inc. was
used and nitrogen gas was used as the adsorption gas.
[0114] The porosity of the negative electrode was calcu-
lated as follows: the volume of the negative electrode layer
was compared with that of the negative electrode layer
obtained when its porosity was 0% and an increase in volume
from the volume of the negative electrode layer obtained
when its porosity was 0% was regarded as a pore volume.
When the negative electrode layer was formed on both sur-
faces of the current collector, the volume of the negative
electrode layer was the total volume of the negative electrode
layers formed on both surfaces.

[0115] The obtained positive electrode and the negative
electrode were cut in such a manner that the electrode width
Lp of the positive electrode layer was 51 mm, the electrode
width Ln of the negative electrode layer was 50 mm, namely,
Lp/Ln was 1.02 and the ratio (Sp/Sn) of the area of the
positive electrode layer to the area of the negative electrode
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layer was 1.05. A separator made of a polyethylene porous
film 20 pm in thickness was interposed between the obtained
positive and negative electrodes. Then, these electrodes with
the separator were coiled and pressed into a flat form to obtain
an electrode group. In the obtained electrode group, these
electrode layers were disposed such that the positive elec-
trode layer covers the negative electrode via the separator.
The end part of the positive electrode layer projected over the
end part of the negative electrode at both end surfaces per-
pendicular to the coil axis of the electrode group. Then, the
electrode group was received in a container of a thin metal can
made of an aluminum alloy (Al purity: 99%) 0.25 mm in
thickness.

[0116] 2.0 mol/L of lithium tetrafluoroborate (LiBF,) as
electrolyte was dissolved in a solvent prepared by mixing
propylene carbonate (PC), y-butyrolactone (GBL) and aceto-
nitrile (AN) in a ratio by volume 0f 30%:40%:30% to thereby
prepare a liquid nonaqueous electrolyte (electrolytic solu-
tion). This nonaqueous electrolyte was injected into the elec-
trode group received in the container, to thereby manufacture
a thin type nonaqueous electrolyte battery having the struc-
ture shown in the above FIG. 1 and a thickness of 4 mm, a
width of 30 mm and a height of 60 mm.

Examples 2 to 18

[0117] Thin type nonaqueous electrolyte batteries were
manufactured in the same manner as in Example 1 mentioned
above except that the composition, form, average particle
diameter, average thickness and sticking amount of the par-
ticles or layers, positive electrode active material composi-
tion, the average particle diameter of the positive electrode
active material, and the type of aqueous solution to be used to
form the particles or layers, baking temperature, the compo-
sition of the nonaqueous solvent and the area ratio of the
positive electrode/the negative electrode (Sp/Sn) were set to
those shown in the following Tables 1 and 3.

Example 19

[0118] A thin type nonaqueous clectrolyte battery was
manufactured in the same manner as in Example 1 except that
Li, , TiO, having an average particle diameter of 0.1 um, low
crystallinity and a Li absorbing potential of 1.5V (vs. Li/Li*)
was used as the negative electrode active material.

Example 20

[0119] A nonaqueous electrolyte battery was manufactured
in the same manner as in Example 1 except that Li,11,0,
having an average particle diameter of 0.5 um, a ramsdellite
structure and a Li absorbing potential of 1.5V (vs. Li/Li*) was
used as the negative electrode active material.

Example 21

[0120] A nonaqueous electrolyte battery was manufactured
in the same manner as in Example 1 except that a spinel type
lithium-manganese-nickel composite oxide having the com-
position shown in Table 1 described below as the particles of
the positive electrode active material.

Comparative Examples 1 to 7

[0121] Thin type nonaqueous electrolyte batteries were
manufactured in the same manner as in Example 1 mentioned
above except that the composition, form, average particle
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diameter, average thickness and sticking amount of the par-
ticles or layers, positive electrode active material composi-
tion, the average particle diameter of the positive electrode
active material, and the type of aqueous solution to be used to
form the particles or layers, baking temperature, the compo-
sition of the nonaqueous solvent and the area ratio of the
positive electrode/the negative electrode (Sp/Sn) were set to
those shown in the following Tables 2 and 4.

Comparative Example 8

[0122] A thin type nonaqueous clectrolyte battery was
manufactured in the same manner that was explained in the
above Example 1 except that graphite having a Li absorbing
potential of 0.2V (vs. Li/Li*) was used as the negative elec-
trode material, the same positive electrode active material as
that used in Comparative Example 2 and the composition of
the nonaqueous solvent and the area ratio (Sp/Sn) of the
positive electrode to the negative electrode were set to those
shown in the following Table 4.

Comparative Example 9

[0123] A thin type nonaqueous clectrolyte battery was
manufactured in the same manner as in Example 1 except that
anonaqueous solvent having the same composition as that of
Comparative Example 8 was used.

Comparative Example 10

[0124] A thin type nonaqueous clectrolyte battery was
manufactured in the same manner as in Example 1 except that
graphite was used as the negative electrode active material.

Comparative Example 11

[0125] A thin type nonaqueous clectrolyte battery was
manufactured in the same manner as in Example 1 except that
the MgO, particles were not stuck to the surface of the posi-
tive electrode active material particles.

[0126] Each of the obtained nonaqueous electrolyte batter-
ies was made to charge up to 2.8 V at 25° C. at a constant
current of 6 A for 6 minutes and then made to discharge up to
1.5V at a current of 0.12 A to measure discharge capacity.
Here, the battery obtained in Example 21 was made to charge
up to 3.4 V. A high-temperature cycle test was made in which
a charge operation of charging up to 2.8 V at a constant
current of 6 A for 6 minutes and then, a discharge operation of
discharging to 1.8 V at a constant current of 0.6 A were
repeated at 45° C. The cycle life in the cycle test made at 45°
C. was defined as the number of cycles when the discharge
capacity reached 80% of the initial capacity. Also, a low-
temperature performance test was made in which the reten-
tive coefficient of capacity in a discharge operation carried
out at -40° C. at a current of 0.6 A was measured. The
capacity obtained in a discharge operation carried out at 25°
C. at a current of 0.6 A was defined as 100 to calculate each
retentive coefficient of capacity.

[0127] Moreover, the retentive coefficient of capacity at 25°
C.atacurrent of 15 A was measured by the method described
below.

[0128] The battery was made to charge up to 2.8V at 25° C.
at a constant current of 6 A for 6 minutes and then made to
discharge to 1.8 V at a constant current of 15 A to measure the
retentive coefficient of capacity. The capacity obtained in a
discharge operation carried out at a current of 0.6 A was
defined as 100 to calculate each retentive coefficient of capac-
ity. Here, the battery obtained in Example 21 was made to
charge up to 3.4 V.
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[0129] These results of measurement are shown in the fol-
lowing Tables 1 to 4.
TABLE 1
Composition Average Amount Average
of the particle to Positive electrode particle Baking
particles diameter or adhere active material diameter Type of temperature
or layers Form thickness (nm)  (wt %) composition (nm) solution (°C)
Example 1 Mg oxide Layer 50 0.1 LiNi; ;3Mn,,3Co 1,30, 3 (CH,CO0),Mg,H,0 400
Example 2 Mg oxide Layer 50 0.1 LiNi; ;3Mn,,3Co 1,30, 3 (CH,CO0),Mg,H,0 400
Example 3 Mg oxide Layer 50 0.1 LiNi, sMn,,3Co,,30, 3 (CH,CO0),Mg,H,0 400
Example 4 Mg oxide Layer 50 0.1 LiNi; ;3Mn,,3Co 1,30, 3 (CH,CO0),Mg,H,0 400
Example 5 Mg oxide Layer 50 0.1 LiNi; ;3Mn,,3Co 1,30, 3 (CH,CO0),Mg,H,0 400
Example 6 C Granular 30 0.05 LiFePO, 0.5 Aqueous oxalic 800
acid solution
Example 7 C Granular 30 0.05 LiFePO, 0.5 Aqueous oxalic 800
acid solution
Example 8 Mg oxide Layer 50 0.1 LiNi;;sMn,3Co,,30, 3 (CH;CO0),Mg,H,0 400
Example 9 Zr oxide Granular 50 0.1 LiCoO, 3 Zr[O(CH,);CH;3], 400
Example 10 Mg oxide Layer 50 0.1 LiCoO, 3 (CH,CO0),Mg,H,0 400
Example 11 Mg oxide Layer 50 0.1 LiCoO, 3 (CH;CO0),Mg,H,0 400
Example 12 Ba oxide Granular 60 0.12 LiCoO, 3 (CH3CO0),Ba 400
Example 13 Ti oxide Granular 60 0.12 LiCoO, 3 Ti[O(CH,);CH;], 400
Example 14 B oxide Granular 10 0.02 LiCoO, 3 Aqueous boric 600
acid solution
Example 15 Mg oxide Layer 20 0.05 LiMn,0, 5 (CH;CO0),Mg,H,0 400
Example 16 Mg oxide Layer 50 0.1 LiMn,0, 5 (CH;CO0),Mg,H,0 400
Example 17 Mg oxide Layer 50 0.1 LiNi;;sMn,3Co,,30, 3 (CH;CO0),Mg,H,0 400
Example 18 Mg oxide Layer 50 0.1 LiNi, sMn,,3Co,,30, 3 (CH,CO0),Mg,H,0 400
Example 19 Mg oxide Layer 50 0.1 LiNi;;sMn,3Co,,30, 3 (CH;CO0),Mg,H,0 400
Example 20 Mg oxide Layer 50 0.1 LiNi;;sMn,3Co,,30, 3 (CH;CO0),Mg,H,0 400
Example 21 Zr oxide Layer 50 0.1 LiNig sMn,; 504 5 Zr[O(CH,);CH;3], 400
TABLE 2
Average
Composition particle Amount Average
of the diameter or to Positive electrode particle Baking
particles average adhere active material diameter Type of temperature
orlayers  Form thickness (nm) (wt %) composition (pm) solution (°C)
Comparative — — — — LiCoO, 3 — —
Example 1
Comparative — — — —  LiNi;;3Mn,;;3Co,,30, 3 — —
Example 2
Comparative — — — —  LiNi;;3Mn,;;3Co,,30, 3 — —
Example 3
Comparative — — — —  LiNi;;3Mn,;;3Co,,30, 3 — —
Example 4
Comparative — — — —  LiNi;;3Mn,;;3Co,,30, 3 — —
Example 5
Comparative — — — — LiCoOj 3 — —
Example 6
Comparative — — — — LiCoO, 3 — —
Example 7
Comparative — — — —  LiNi;;3Mn,;;3Co,,30, 3 — —
Example 8
Comparative Mgoxide Layer 50 0.1 LiNi;;3Mn,;3Co,,30, 3 (CH3C0O0),Mg,H,0 400
Example 9
Comparative Mgoxide Layer 50 0.1 LiNi;;3Mn,;3Co,,30, 3 (CH3C0O0),Mg,H,0 400
Example 10
Comparative — — — —  LiNi;;3Mn,;;3Co,,30, 3 — —

Example 11
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TABLE 3
25°C.15A —-40° C.
Discharge retentive retentive Cycle life
Nonaqueous solvent capacity at  coefficient of coefficient of at45° C.
composition Sp/Sn 25° C. (mAh) capacity (%) capacity (%)  (times)
Example 1 30% PC/40% GBL/30% AN 1.05 650 80 70 2000
Example 2 30% PC/40% GBL/30% PN 1.05 640 75 60 2000
Example 3 30% PC/40% GBL/30% MAN  1.05 630 70 60 2300
Example 4 30% PC/70% MPN 1.05 620 70 65 2600
Example 5 30% PC/70% GBL 1.05 620 55 60 2800
Example 6 30% PC/70% AN 1.05 650 70 70 2000
Example 7 30% PC/70% MAN 1.05 650 60 60 2300
Example 8 90% PC/10% AN 1.05 650 30 30 2500
Example 9 30% EC/70% GBL 1.05 650 60 80 2000
Example 10 30% EC/70% GBL 1.05 640 60 60 3000
Example 11 70% PC/30% AN 1.05 620 40 70 2600
Example 12 30% EC/70% GBL 1.05 620 65 40 1800
Example 13 30% EC/70% GBL 1.05 610 60 40 1800
Example 14 30% EC/70% GBL 1.05 650 50 40 1200
Example 15 30% EC/70% GBL 1.05 630 65 50 1200
Example 16 30% PC/40% GBL/30% AN 1.05 610 60 55 1000
Example 17 30% PC/40% GBL/30% AN 1.01 620 80 70 1500
Example 18 30% PC/40% GBL/30% AN 1.10 650 80 70 2500
Example 19 30% PC/40% GBL/30% AN 1.05 670 60 50 1900
Example 20 30% PC/40% GBL/30% AN 1.05 660 75 70 2600
Example 21 30% PC/30% EC/40% GBL 1.05 550 60 60 1500
TABLE 4
25°C.15A —-40° C.
Discharge retentive retentive Cycle life
Nonaqueous solvent capacity at  coefficient of coefficient of at 45° C.
composition Sp/Sn 25° C. (mAh) capacity (%) capacity (%)  (times)

Comparative 100% GBL 0.95 400 40 35 100
Example 1
Comparative 100% AN 1.0 300 60 40 50
Example 2
Comparative 100% MPN 0.95 400 30 40 100
Example 3
Comparative 95% PC/5% AN 0.95 60 30 30 200
Example 4
Comparative 30% EC/70% DEC 0.95 600 30 5 200
Example 5
Comparative 20% EC/80% AN 0.98 400 30 35 50
Example 6
Comparative 20% EC/80% MPN 0.95 200 10 40 50
Example 7
Comparative 20% EC/80% GBL 0.95 50 0 5 10
Example 8
Comparative 20% EC/80% GBL 1.05 400 40 30 150
Example 9
Comparative 30% PC/40% GBL/30% AN 1.05 550 40 10 100
Example 10
Comparative 30% PC/40% GBL/30% AN 1.05 500 40 30 60
Example 11
[0130] As is clear from Tables 1 to 4, each nonaqueous having such a combination was most superior in high-tem-
electrolyte battery obtained in Examples 1 to 21 was superior perature (45° C.) cycle performance as indicated by Example
to those of Comparative Examples 1 to 11 in discharge capac- 10.
. o . .
ity in a low-temperature (-40° C.) environment, capacity [0131] Also, it can be understood from Comparative

retentive coefficient in a discharge operation at a current as
large as 15 A and cycle performance. Particularly, each non-
aqueous electrolyte battery obtained in Examples 1to 7, 9 to
11, 18 and 20 was superior in any of discharge performance at

-40° C., large-current discharge characteristics at a current of ) ) A .
15 A and high-temperature (45° C.) cycle life performance. In [01.32] The? Li absorjblng potential of the negative electrode
the most preferable combination, EC and GBL were used as active material used in the above examples was measured
the nonaqueous solvent, Li CoO, was used as the positive ~ Using the method explained below.

electrode active material and a compound containing Mg was [0133] Thenegative electrode used in each example was cut
used as the coating material. A nonaqueous electrolyte battery into a size of 2 cmx2 cm to make a working electrode. The

Examples 9 to 11 that if any one of the nonaqueous solvent,
positive electrode active material and negative electrode
active material is out of the aspect defined in this embodi-
ment, the battery has inferior performances.



US 2014/0212769 Al

working electrode and a counter electrode made of a lithium
metal foil of 2.2 cmx2.2 cm were made to face each other
through a glass filter separator and a lithium metal was
inserted as a reference electrode in such a manner as to be in
contact with neither the working electrode nor the counter
electrode. These electrodes were received in a glass cell of a
three pole type and each of the working electrode, counter
electrode and reference electrode was connected to a terminal
ofthe glass cell. 1.5 M/L of lithium tetrafluoroborate (LiBF,)
was dissolved in a solvent prepared by mixing ethylene car-
bonate and y-butyrolactone in a ratio by volume of 1:2 to
prepare an electrolytic solution. 25 mL of this electrolytic
solution was poured to allow the separator and electrodes to
be impregnated sufficiently and then, the glass container was
sealed. The manufactured glass cell was disposed in a 25° C.
thermostat and was made to charge at a current density of 0.1
mA/cm? to measure the lithium ion absorbing potential of the
working electrode. In this case, the value of the lithium ion
absorbing potential in the condition that the battery charges
up to 50% was defined as the lithium ion absorbing potential.
[0134] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific details
and representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.
What is claimed is:
1. A nonaqueous electrolyte battery comprising:
apositive electrode containing active material particles and
a coating material which covers a surface of each of the
active material particles, wherein the active material
particles are represented by any one of the following
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formulas (1) to (3) and have an average particle diameter
of 0.1 to 10 pum, the coating material comprises at least
particles having an average particle diameter of 60 nm or
less or layers having an average thickness of 60 nm or
less, the particles or the layers containing at least one
element selected from the group consisting of Mg, Ti, Zr,
Ba, B and C;

a negative electrode including a metal compound absorb-
ing lithium ions at 0.4 V (vs. Li/Li*) or more;

a separator interposed between the positive electrode and
the negative electrode; and

anonaqueous electrolyte including a mixture solvent and a
lithium salt to be dissolved in the mixture solvent, the
mixture solvent containing a first nonaqueous solvent
containing at least one of propylene carbonate and eth-
ylene carbonate and a second nonaqueous solvent con-
taining at least one of y-butyrolactone and a nonaqueous
solvent having a nitrile group and a molecular weight of
40 to 100, and a content of the second nonaqueous
solvent in the mixture solvent being 10 to 70% by vol-
ume:

Li,M1,0, (1)
LiM2,,0, @
Li,M3,P0, 3)

where M1, M2 and M3, which may be the same or differ-
ent, respectively represent at least one element selected
from the group consisting of Mn, Ni, Co and Fe, and x,
y, Z, W, s and t satisfy the following requirements: O<x<1.
1, 0.8=y=l1.1, O<z=1.1, 0.8=w=l.l, O<s=l.l1 and
0.8=t<1.1.



