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(57) ABSTRACT 

According to one embodiment, a nonaqueous electrolyte bat 
tery includes a positive electrode, a negative electrode, and a 
nonaqueous electrolyte. The positive electrode includes at 
least one oxide selected from the group consisting of a first 
oxide having a spinel structure and represented by Li Nio. 
5MnO, a second metal phosphate having an olivine struc 
ture and represented by Li MnFePO, and a third oxide 
having a layered structure and represented by Li, Ni,Mn. Co 
--O. The nonaqueous electrolyte includes a first solvent. The 
first solvent includes at least one compound selected from the 
group consisting of trimethyl phosphate, triethyl phosphate, 
tripropyl phosphate, tributyl phosphate, and fluorinated phos 
phate ester. 
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NONAQUEOUSELECTROLYTE BATTERY 
AND BATTERY PACK 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the ben 
efit of priority from Japanese Patent Applications No. 2013 
064893, filed Mar. 26, 2013, and No. 2014-025817, filed Feb. 
13, 2014, the entire contents of all of which are incorporated 
herein by reference. 

FIELD 

0002 Embodiments described herein relate generally to a 
nonaqueous electrolyte battery and battery pack. 

BACKGROUND 

0003. There has been much anticipation surrounding a 
nonaqueous electrolyte battery using a lithium metal, a 
lithium alloy, a lithium compound, or a carbonaceous mate 
rial for a negative electrode as a high energy density battery, 
and much research and development have taken place of such. 
Hitherto, a lithium ion battery which contains a positive elec 
trode containing LiCoO, LiMnO, LiNiCo, MnO, 
or LiFePO as an active material and a negative electrode 
containing a carbonaceous material absorbing/releasing 
lithium has been widely put into practical use. A metal oxide 
or an alloy has been considered as a substitute for the carbon 
aceous material in the negative electrode. 
0004 Excellent cycle performance, thermal stability, and 
discharge rate performance under a high temperature envi 
ronment are required for stationary large batteries and large 
batteries for vehicles which have high energy and provide 
high output. It is necessary to attain a battery satisfying all 
Such performances. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005 FIG. 1 is a partially cut perspective view schemati 
cally showing a nonaqueous electrolyte battery according to 
an embodiment. 
0006 FIG. 2 is an exploded perspective view of a battery 
pack according to an embodiment. 
0007 FIG.3 is a block diagram showing an electric circuit 
of the battery pack of FIG. 2. 

DETAILED DESCRIPTION 

0008 According to the embodiment, there is provided a 
nonaqueous electrolyte battery including a positive electrode, 
a negative electrode, and a nonaqueous electrolyte. The posi 
tive electrode contains at least one of a first oxide having a 
spinel structure and represented by Li NiosMnO (0<Xs1. 
1) and a second metal phosphate (second oxide) having an 
olivine structure and represented by Li MnFePO 
(0<xs 1.1, Osws0.5). The negative electrode contains a tita 
nium-containing oxide. The nonaqueous electrolyte contains 
a nonaqueous solvent and LiPF dissolved in the nonaqueous 
Solvent. The nonaqueous solvent contains a first solvent. The 
first solvent includes at least one compound selected from the 
group consisting of trimethyl phosphate, triethyl phosphate, 
tripropyl phosphate, and tributyl phosphate, and/or fluori 
nated phosphate esters of the at least one compound. 
0009. According to the embodiment, there is provided a 
nonaqueous electrolyte battery including a positive electrode, 
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a negative electrode, and a nonaqueous electrolyte. The posi 
tive electrode includes at least one oxide selected from the 
group consisting of a first oxide having a spinel structure and 
represented by Li Nios MnO (O-Ks 1.1), a second metal 
phosphate (second oxide) having an olivine structure and 
represented by Li,MnFePO (0<x<1.1, 0<ws0.5), and a 
third oxide having a layered structure and represented by 
Li, Ni,Mn. Co-O (O-xs1.1.0.3sy<1,0szs0.5). The nega 
tive electrode includes a titanium-containing oxide. The non 
aqueous electrolyte includes a nonaqueous solvent and an 
electrolyte dissolved in the nonaqueous solvent. The non 
aqueous solvent includes a first solvent. The first solvent 
includes at least one compound selected from the group con 
sisting of trimethyl phosphate, triethyl phosphate, tripropyl 
phosphate, tributyl phosphate and fluorinated phosphate 
ester. 

0010. The embodiment provides a battery pack containing 
the nonaqueous electrolyte battery according to the embodi 
mentS. 

First Embodiment 

0011. A first embodiment provides a nonaqueous electro 
lyte battery containing a positive electrode, a negative elec 
trode, and a nonaqueous electrolyte. The positive electrode 
contains at least one of a first oxide having a spinel structure 
and represented by Li Nios MnO (0<Xs 1.1) and a second 
metal phosphate (second oxide) having an olivine structure 
and represented by LMnFePO (0<x<1.1, 0<ws0.5). 
The negative electrode contains a titanium-containing oxide. 
The nonaqueous electrolyte contains a nonaqueous solvent 
and LiPF dissolved in the nonaqueous solvent. The nonaque 
ous solvent contains a first solvent. The first solvent includes 
at least one compound selected from the group consisting of 
trimethyl phosphate (PO(OCH)), triethyl phosphate (PO 
(OCH)), tripropyl phosphate (PO(OCH)), and tributyl 
phosphate (PO(OCH)), and/or fluorinated phosphate 
esters of the at least one compound. The first solvent can be 
used singly or in combination of two or more. 
0012. In order to attain a battery having high performance, 
enhanced life, and high safety, a nonaqueous electrolytic 
Solution which contains LiBF as an electrolyte, and a mixed 
Solvent containing phosphate ester and Y-butyrolactone 
(GBL) as a nonaqueous solvent is considered to be used. 
Although GBL has excellention conductivity, LiBF does not 
readily dissociate in the phosphate ester. Therefore, the non 
aqueous electrolyte has poorion conductivity. IfLiPF is used 
in place of LiBF, hydrogen fluoride (HF) generated from 
LiPF is reacted with GBL, to produce the ring-opening poly 
merization reaction of GBL, resulting in acceleration of the 
decomposition of the nonaqueous electrolyte. Furthermore, 
GBL has a high viscosity, and is apt to react with the positive 
electrode. 

0013 The nonaqueous electrolyte which contains the non 
aqueous solvent containing a phosphate ester Such as trim 
ethyl phosphate, triethyl phosphate, tripropyl phosphate, 
tributyl phosphate, or fluorinated phosphate esters of these 
compounds, and LiPF dissolved in the nonaqueous solvent 
has a high dissociation degree of a lithium salt. Therefore, the 
nonaqueous electrolyte has excellention conductivity, and is 
useful for improving discharge rate performance. However, if 
a graphite material, lithium, or a lithium alloy is used for the 
negative electrode, the reductive decomposition reduction of 
the nonaqueous electrolyte is accelerated, which causes prob 
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lems of a decrease in life performance and generation ofagas. 
This makes it difficult to put the nonaqueous electrolyte bat 
tery into practical use. 
0014. As in the embodiment, the use of the negative elec 
trode containing the titanium-containing oxide Suppresses a 
reduction side reaction in the negative electrode under a high 
temperature environment such as 45°C., which can Suppress 
the generation of the gas. Therefore, excellent charge/dis 
charge cycle performance even under a high temperature 
environment can be obtained. Since the first oxide having the 
spinel structure and represented by Li NiosMnO (O-Ks 1. 
1) and the second metal phosphate having the olivine struc 
ture and represented by LiMnFePO (O-3s 1.1, 0<ws0. 
5) can enable a high capacity at a high Voltage of 4V or more, 
a battery capacity can be increased. This is because the com 
bination of the positive electrode with the nonaqueous elec 
trolyte of the embodiment can Suppress the oxidation decom 
position of the nonaqueous electrolyte even under a high 
temperature and high-pressure environment, which enables 
the charge of the positive electrode to a high-voltage range of 
4 V or more and an increase in the capacity of the positive 
electrode. Furthermore, the first oxide and the second metal 
phosphate have higher thermal stability than that of a lithium 
metal composite oxide containing a transition metal contain 
ing Ni and at least one selected from the group consisting of 
Mn, Fe, Co., Ti, and Cu, as metal elements and having a 
layered structure, respectively. This can Suppress the oxida 
tion reaction of the nonaqueous electrolyte involving heat 
generation under a high temperature of 150° C. or more and 
an increase in a battery temperature, and can improve safety. 
0015. As described above, the first embodiment can pro 
vide a nonaqueous electrolyte battery having high safety 
under a high temperature environment, excellent charge/dis 
charge cycle performance even under a high temperature 
environment, high discharge rate performance, and a high 
capacity. 
0016. The nonaqueous solvent further contains a second 
Solvent containing at least one selected from the group con 
sisting of propylene carbonate (PC), ethylene carbonate (EC), 
butylene carbonate (BC), diethyl carbonate (DEC), ethylm 
ethyl sulfone (EMS), and ethylisopropyl sulfone (EiPS), and 
the content of the first solvent in the nonaqueous solvent is set 
to 30 to 90% by volume. This can further improve safety, 
charge/discharge cycle performance, discharge rate perfor 
mance, and a capacity under a high temperature environment. 
0017. The titanium-containing oxide contains at least one 
selected from the group consisting of a lithium titanium 
oxide, a titanium oxide, and a niobium titanium composite 
oxide, which can further Suppress the reduction decomposi 
tion of the nonaqueous electrolyte. Therefore, the amount of 
a gas generated under a high temperature environment can be 
further decreased, and cycle life performance under a high 
temperature environment can be further improved. 
0018. The battery of the embodiment can contain a sepa 
rator interposed between the positive electrode and the nega 
tive electrode. The battery can further contain a case to house 
them and the nonaqueous electrolyte. 
0019 Hereinafter, the nonaqueous electrolyte, the nega 

tive electrode, the positive electrode, the separator, and the 
case will be described. 
0020 (1) Nonaqueous Electrolyte 
0021. The nonaqueous electrolyte contains a nonaqueous 
solvent and LiPF dissolved in the nonaqueous solvent. The 
nonaqueous solvent contains a first solvent. The first solvent 
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includes at least one compound selected from the group con 
sisting of trimethyl phosphate (PO(OCH)), triethyl phos 
phate (PO(OCH)), tripropyl phosphate (PO(OCH2)), 
and tributyl phosphate (PO(OCH)), and/or fluorinated 
phosphate esters of the at least one compound. The nonaque 
ous electrolyte has a boiling point of 200° C. or more. More 
preferably, the first solvent contains trimethyl phosphate or 
triethyl phosphate. Thereby, the oxidation resistance of the 
nonaqueous electrolyte under a high temperature and a high 
Voltage can be improved. 
0022. The content of the first solvent in the nonaqueous 
solvent is desirably set to be within a range of 30 to 90% by 
volume. Thereby, the battery having excellent thermal stabil 
ity and cycle life performance can be provided. The content is 
more preferably within a range of 40% by volume or more 
and 80% by volume or less. 
0023 Examples of the fluorinated phosphate esters 
include trifluoromethyl phosphate (PO(OCF)), trifluoroet 
hyl phosphate (PO(OCHCF)), trifluoropropyl phosphate 
(PO(OCHCF)), and trifluorobutyl phosphate (PO 
(OCHCF)). Preferable examples thereof include trifluo 
romethyl phosphate or trifluoroethyl phosphate. Thereby, the 
oxidation resistance of the nonaqueous electrolyte under a 
high temperature and a high Voltage can be improved. 
0024 Desirably, the nonaqueous solvent further contains 
the second solvent containing at least one selected from the 
group consisting of propylene carbonate (PC), ethylene car 
bonate (EC), butylene carbonate (BC), diethyl carbonate 
(DEC), ethylmethyl sulfone (EMS), and ethylisopropyl sul 
fone (EiPS). Thereby, the ion conductivity of the nonaqueous 
electrolyte can be increased. The second solvent preferably 
contains propylene carbonate (PC), diethyl carbonate (DEC) 
or ethylisopropyl sulfone (EiPS). Thereby, since the ion con 
ductivity of the nonaqueous electrolyte can be improved, the 
discharge rate performance and low temperature perfor 
mance of the battery can be improved. 
0025. The electrolyte dissolved in the nonaqueous solvent 
may be made of only lithium hexafluorophosphate (LiPF) or 
may be a mixture of LiPF and a lithium salt other than LiPF. 
Examples of the lithium salt other than LiPF include lithium 
perchlorate (LiClO4), hexafluoro arsenic lithium (LiAsF). 
lithium trifluoromethasulfonate (LiCFSO), bistrifluorom 
ethylsulfonylimide lithium LiN(CFSO), LiN(CFSO) 
, LiN(FSO), Li (CFSO)C, and LiB(OCO). These 
electrolytes can be used singly or in combination of two or 
more. Since the electrolyte containing LiPF and LiB(OCO) 

can increase the chemical stability of the first solvent and 
can decrease film resistance on the negative electrode, the low 
temperature performance and the cycle life performance can 
be significantly improved. 

0026. Since the first solvent has a high dielectric constant 
although the first solvent has a low viscosity, a high-concen 
tration lithium salt can be dissolved in the nonaqueous sol 
vent. The concentration of the electrolyte in the nonaqueous 
solvent is preferably set to be within a range of 1 to 2.5 mol/L. 
A decrease in a lithium ion concentration on the interface 
between the positive electrode and the nonaqueous electro 
lyte during discharge in a large current can be suppressed by 
setting the concentration of the electrolyte to 1 mol/L or more. 
An increase in a viscosity of the nonaqueous electrolyte can 
be suppressed by setting the concentration of the electrolyte 
to 2.5 mol/L or less. Therefore, high output can be obtained 
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under a low temperature environment by setting the concen 
tration of the electrolyte to be within the range of 1 to 2.5 
mol/L 
0027. The nonaqueous electrolyte may contain a polymer 
material, or a room temperature molten salt containing a 
noninflammable ionic liquid having no volatility. Examples 
of the polymer material include polyvinylidene fluoride 
(PVdF), polyacrylonitrile (PAN), and polyethylene oxide 
(PEO). A composite of a liquefied nonaqueous electrolyte 
(nonaqueous electrolytic Solution) containing the nonaque 
ous solvent in which the electrolyte (for example, lithium 
salt) is dissolved, and a polymer material is formed, to pro 
duce a gel-like electrolyte. 
0028 (2) Negative Electrode 
0029. The negative electrode contains a negative electrode 
current collector, and a negative electrode material layer 
(negative electrode active material-containing layer) Sup 
ported on one surface or both surfaces of the current collector. 
The negative electrode material layer contains an active mate 
rial, a conductive agent, and a binder. 
0030 The negative electrode active material contains tita 
nium-containing oxide particles. Examples of the titanium 
containing oxide include a lithium titanium oxide, a titanium 
oxide, and a niobium titanium composite oxide. 
0031 Examples of the lithium titanium oxide include Li 
aTiO (-1sXs3) having a spinel structure and Li TiO, 
(-1sXs3) having a ramsdelite structure. 
0032 Examples of the titanium oxide include TiO, having 
ananatase structure and monoclinic TiO2(B). TiO2(B) is pref 
erably heat-treated at 300 to 500° C. TiO,(B) preferably 
contains 0.5 to 10% by weight of Nb. Thereby, the capacity of 
the negative electrode can be increased. Since irreversible 
lithium may remain in the titanium oxide after the battery is 
charged and discharged, the titanium oxide after the battery is 
charged and discharged can be represented by Li TiO2 
(0<ds 1). 
0033 Examples of the niobium titanium composite oxide 
include LiNb,TiO (0sXs3, 0<as3, 0<bs3, 5scs10). 
Examples of LiNbTiO, include LiNbTiO7. 
LiNb,TiO, and LiNbTiOs. Li,Ti,Nb,NbO, (0sxs3. 
0<ys 1, 0<O<0.3) heat-treated at 800° C. to 1200° C. has a 
high true density, and can increase a Volume specific capacity. 
LiNb TiO, has a high density and a high capacity, which is 
preferable. Thereby, the capacity of the negative electrode can 
be increased. A part of Nb or Ti in the above oxides may be 
substituted with at least one element selected from the group 
consisting of V, Zr, Ta, Cr, Mo, W. Ca,Mg,Al,Fe, Si, B. P. K. 
and Na. 

0034. At least a part of the surface of the titanium-contain 
ing oxide particles is preferably covered with a carbon mate 
rial. This increases an electron conduction network in the 
electrode to reduce electrode resistance, thereby improving 
large current performance. 
0035. The specific surface area of the negative electrode 
active material particles measured by the BET method by N. 
adsorption is desirably 3 m/g or more and 50 m/g or less. 
Since the aggregation of the particles can be decreased by 
setting the specific surface area to 3 m/g or more, the affinity 
between the negative electrode and the nonaqueous electro 
lyte can be increased, and the interface resistance of the 
negative electrode can be decreased. Therefore, output per 
formance and charge/discharge cycle performance can be 
improved. Since the nonaqueous electrolyte can be uniformly 
dispersed in the positive electrode and the negative electrode 
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by setting the specific surface area to 50 m/g or less, the 
output performance and the charge/discharge cycle perfor 
mance can be improved. The range of the specific Surface area 
is more preferably 5 to 50 m/g. 
0036 Preferably, in the negative electrode active material 
particles, the average particle diameter of secondary particles 
diameters is 10um or less, and a primary particle diameter is 
1 um or less. Thereby, the affinity between the negative elec 
trode and the nonaqueous electrolyte can be further increased. 
The reduction side reaction of the nonaqueous electrolyte 
under a high temperature environment is Suppressed, and 
high temperature cycle life performance and thermal stability 
are increased. 
0037. The negative electrode material layer is desirably a 
porous layer. The porosity of the negative electrode material 
layer is desirably set to be within a range of 20 to 50%. 
Thereby, the negative electrode having excellent affinity 
between the negative electrode and the nonaqueous electro 
lyte and a high density can be obtained. The porosity is more 
preferably within a range of 25 to 40%. 
0038. The negative electrode current collector is desirably 
an aluminium foil oran aluminum alloy foil. The thicknesses 
of the aluminum foil and the aluminum alloy foil are prefer 
ably set to 20 um or less, and more preferably 15um or less. 
The purity of the aluminum foil is preferably 99.99 wt % or 
more. The aluminium alloy preferably contains at least one 
element selected from the group consisting of Mg., Zn, and Si. 
On the other hand, the content of transition metals such as Fe, 
Cu, Ni, or Cr is preferably set to 100 wt-ppm or less. 
0039. As the conductive agent, for example, a carbon 
material can be used. Examples of the carbon material include 
acetylene black, carbon black, corks, carbon fiber, graphite, 
aluminum powder, and TiO. Corks heat-treated at a tempera 
ture of 800 to 2000° C. and having an average particle diam 
eter of 10 Lim or less, graphite, and TiO powder, and carbon 
fiber having an average particle diameter of 1 um or less are 
preferable. The BET specific surface area, based on N 
adsorption, of the carbon material is preferably 10 m/g or 
O. 

0040. Examples of the binder include polytetrafluoroeth 
ylene (PTFE), polyvinylidene fluoride (PVdF), fluorine 
based rubber, styrene butadiene rubber, and a core shell 
binder. 
0041. The formulating ratios of the negative electrode 
active material, the conductive agent, and the binder are pref 
erably set to be within a range of 80 to 95% by weight, within 
a range of 3 to 18% by weight, and within a range of 2 to 7% 
by weight, respectively. 
0042. The negative electrode is produced by, for example, 
Suspending the negative electrode active material, the con 
ductive agent, and the binder in a suitable solvent, applying 
the slurry onto the current collector, drying the current col 
lector, and Subjecting the current collector to a heat press. 
0043 (3) Positive Electrode 
0044) The positive electrode contains a positive electrode 
current collector and a positive electrode material layer (posi 
tive electrode active material-containing layer) Supported on 
one surface or both surfaces of the current collector. The 
positive electrode material layer contains an active material, a 
conductive agent, and a binder. 
0045 Positive electrode active material particles contain 
at least one of first oxide particles having a spinel structure 
and represented by Li Nios MnO (O-3Xs 1.1) and second 
metal phosphate particles having an olivine structure and 
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represented by LiMnFePO (0<xs1.1, Osws0.5). In the 
second metal phosphate, the lower limit of w is desirably 
more than 0 (excluding O), and the upper limit thereof is 
preferably set to 0.2 or less. Preferable examples of the sec 
ond metal phosphate include LiMnoss Feo. PO. 
0046. The specific surface area of the positive electrode 
active material particles measured by the BET method is 
preferably within a range of 0.1 to 5 m/g. 
0047. Examples of the conductive agent include acetylene 
black, carbon black, and graphite. 
0048 Examples of the binder include polytetrafluoroeth 
ylene (PTFE), polyvinylidene fluoride (PVdF), and fluorine 
based rubber. 
0049. The formulating ratios of the positive electrode 
active material, the conductive agent, and the binder are pref 
erably set to be within a range of 80 to 95% by weight, within 
a range of 3 to 19% by weight, and within a range of 1 to 7% 
by weight, respectively. 
0050. The positive electrode current collector is prefer 
ably an aluminium foil or an aluminum alloy foil. The thick 
ness of the positive electrode current collector is preferably 
20 um or less, and more preferably 15um or less. 
0051. The positive electrode is produced by, for example, 
Suspending the positive electrode active material, the conduc 
tive agent, and the binder in a Suitable solvent, applying the 
slurry onto the positive electrode current collector, drying the 
positive electrode current collector, and Subjecting the posi 
tive electrode current collector to a press. 
0052 (4) Separator 
0053 Examples of the separator include a synthetic resin 
nonwoven fabric, a polyethylene porous film, a polypropy 
lene porous film, and a cellulose nonwoven fabric. 
0054 (5) Case 
0055. A metal case and a case formed of a laminate film 
may be used for the case. 
0056. A metal can made of aluminium, an aluminium 
alloy, iron, stainless steel or the like and having a rectangular 
shape and a cylindrical shape may be used as the metal case. 
The plate thickness of the case is desirably set to 0.5 mm or 
less, and more preferably 0.3 mm or less. 
0057 Examples of the laminate film include a multilayer 
film prepared by covering an aluminium foil with a resin film. 
Polymer materials such as polypropylene (PP), polyethylene 
(PE), nylon, and polyethylene terephthalate (PET) may be 
used as the resin. The thickness of the laminate film is pref 
erably set to 0.2 mm or less. The purity of the aluminium foil 
is preferably 99.5 wt % or more. 
0058 An aluminium alloy for the metal can is preferably 
an alloy containing elements such as Mn, Mg., Zn, or Si and 
having an aluminum purity of 99.8 wt % or less. The strength 
of the metal can made of an aluminium alloy is increased, 
which can reduce the thickness of the can. As a result, a thin, 
light battery having a high output and excellent heat releasing 
property can be attained. 
0059 An example of a nonaqueous electrolyte battery of 
the first embodiment is shown in FIG.1. A flat or thin non 
aqueous electrolyte battery shown in FIG. 1 contains a case 1 
having a rectangular parallelepiped shape and made of an 
aluminium alloy, an electrode group 2 housed in the case 1, 
and a nonaqueous electrolyte (not shown) housed in the case 
1 and held by the electrode group 2. The electrode group 2 has 
a flat structure in which a positive electrode 3 and a negative 
electrode 4 are spirally wound with a separator 5 interposed 
therebetween. The electrode group 2 is produced by, for 
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example, spirally winding the positive electrode 3 and the 
negative electrode 4 with the separator 5 interposed therebe 
tween such that the wound body has a flat shape, and there 
inafter Subjecting the wound body to a heat press. A rectan 
gular positive electrode lead 6 is electrically connected to the 
positive electrode 3. On the other hand, a rectangular negative 
electrode lead 7 is electrically connected to the negative elec 
trode 4. The positive electrode lead 6 is electrically connected 
to the case 1. The negative electrode lead 7 is electrically 
connected to a negative electrode terminal 8 insulated from 
the case 1. 
0060 Since the nonaqueous electrolyte battery of the first 
embodiment contains the positive electrode containing at 
least one of the first oxide and the second metal phosphate, the 
negative electrode containing the titanium-containing oxide, 
and the nonaqueous electrolyte containing LiPF and the first 
Solvent, the nonaqueous electrolyte battery having high 
safety under a high temperature environment, excellent 
charge/discharge cycle performance even under a high tem 
perature environment, high discharge rate performance, and a 
high capacity can be provided. 
0061 Since the nonaqueous electrolyte battery of the first 
embodiment contains the positive electrode containing at 
least one of the first oxide and the second metal phosphate, the 
negative electrode containing the titanium-containing oxide, 
and the nonaqueous electrolyte containing LiPF and the first 
Solvent, the nonaqueous electrolyte battery having high 
safety under a high temperature environment, excellent 
charge/discharge cycle performance even under a high tem 
perature environment, high discharge rate performance, and a 
high capacity can be provided. 
0062. The first embodiment can use a positive electrode 
(hereinafter, referred to as a positive electrode B) containing 
at least one oxide selected from the group consisting of the 
first oxide having the spinel structure and represented by 
Li Nios MnO (0<Xs 1.1), the second metal phosphate hav 
ing the olivine structure and represented by LiMnFePO 
(0<xs 1.1, Osws0.5), and the third oxide having the layered 
structure and represented by Li, Ni, Mn. Co-O, (0<x<1.1, 
0.3sy<1, 0<Zs0.5) in place of the above positive electrode 
(hereinafter, referred to as a positive electrode A). 
0063. Since the positive electrode containing the third 
oxide can realise a high capacity at a high Voltage of 4V or 
more, the capacity of the battery can be increased. As the 
ranges of x, y, and Z, 0.2sxs 1.0, 0.5sys0.9, and 0.1szs0.3 are 
more preferably set. The third oxide more preferably has a 
composition satisfying 0.5sys1. Examples of the composi 
tion satisfying 0.5sys1 include LiNiCO, MnO, and 
LiNios Coo. Mino O2. 
0064. When the positive electrode contains the third 
oxide, a nonaqueous electrolyte (hereinafter, referred to as a 
nonaqueous electrolyte B) which contains the nonaqueous 
Solvent containing the first solvent containing the fluorinated 
phosphate ester, and the electrolyte dissolved in the nonaque 
ous solvent can be used in place of the above nonaqueous 
electrolyte (hereinafter, referred to as a nonaqueous electro 
lyte A). Since the nonaqueous electrolyte B has excellent 
oxidation resistance to the positive electrode containing the 
third oxide, the nonaqueous electrolyte B can Suppress the 
oxidation decomposition of the nonaqueous electrolyte 
involving heat generation under a high temperature of 150° C. 
or more. As a result, the nonaqueous electrolyte battery hav 
ing high safety under a high temperature environment, excel 
lent charge/discharge cycle performance even under a high 
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temperature environment, high discharge rate performance, 
and a high capacity can be provided. 
0065. Examples of the fluorinated phosphate esters 
include trifluoromethyl phosphate, trifluoroethyl phosphate, 
trifluoropropyl phosphate, and trifluorobutyl phosphate. Pref 
erable examples thereof include trifluoromethyl phosphate or 
trifluoroethyl phosphate. Thereby, the oxidation resistance of 
the nonaqueous electrolyte under a high temperature and a 
high Voltage can be improved. 
0066. The content of the first solvent in the nonaqueous 
solvent is desirably set to be within a range of 30 to 90% by 
volume. Thereby, the battery having excellent thermal stabil 
ity and cycle life performance can be provided. The content is 
more preferably within a range of 40% by volume or more 
and 80% by volume or less. 
0067. The nonaqueous solvent desirably contains the 
above second solvent. Thereby, the ion conductivity of the 
nonaqueous electrolyte can be increased. The second solvent 
preferably contains propylene carbonate (PC), diethyl car 
bonate (DEC) or ethylisopropyl sulfone (EiPS). Thereby, 
since the ion conductivity of the nonaqueous electrolyte can 
be improved, the discharge rate performance and low tem 
perature performance of the battery can be improved. 
0068 Examples of the electrolyte dissolved in the non 
aqueous solvent include, but are not particularly limited to, 
lithium perchlorate (LiClO4), lithium hexafluorophosphate 
(LiPF), lithium tetrafluoroborate (LiBF), hexafluoro 
arsenic lithium (LiAsF), lithium trifluoromethasulfonate 
(LiCFSO), bistrifluoromethylsulfonylimide lithium LiN 
(CFSO), LiN(CFSO), LiN(FSO), Li (CFSO),C, 
and LiB(OCO). These electrolytes can be used singly or 
in combination of two or more. The electrolyte preferably 
contains LiPF. The nonaqueous solvent containing the first 
Solvent containing the fluorinated phosphate esters has excel 
lent solubility of LiPF. For this reason, the conductivity of 
the nonaqueous electrolyte can be increased by use of the 
electrolyte containing LiPF and the first solvent containing 
the fluorinated phosphate esters. As a result, the discharge rate 
performance of the battery can further be improved. 
0069. The concentration of the electrolyte in the nonaque 
ous solvent is preferably set to be within a range 1 to 2.5 
mol/L. Thereby, the high output can be obtained even under a 
low temperature environment. 
0070 The nonaqueous electrolyte may contain a polymer 
material or a room temperature molten salt containing a non 
inflammable ionic liquid having no volatility. Examples of 
the polymer material include the same materials as those 
described in the nonaqueous electrolyte A. 
0071 Since the nonaqueous electrolyte battery of the first 
embodiment contains the positive electrode containing at 
least one oxide selected from the group consisting of the first 
oxide, the second metal phosphate, and the third oxide, the 
negative electrode containing the titanium-containing oxide, 
and the nonaqueous electrolyte containing the first solvent, 
the nonaqueous electrolyte battery having high safety under a 
high temperature environment, excellent charge/discharge 
cycle performance even under a high temperature environ 
ment, high discharge rate performance, and a high capacity 
can be provided. 

Second Embodiment 

0072 A second embodiment provides a battery pack con 
taining the nonaqueous electrolyte battery of the first embodi 
ment as a unit cell. The number of the unit cells used for the 
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battery pack may be set to one or plural. When the battery 
pack contains a plurality of unit cells, the unit cells may be 
series-connected or connected in parallel. 
0073. The battery pack according to the second embodi 
ment will be described with reference to the drawings. FIG. 2 
and FIG. 3 show an example of a battery pack including a 
plurality of flat-type batteries. 
0074 An battery module 23 is configured by stacking the 
unit cells 21 so that a negative electrode terminal 19 extended 
outside and a positive electrode terminal 18 extended outside 
are arranged in the same direction and fastening them with an 
adhesive tape 22. The unit cells 21 are electrically connected 
in series as shown in FIG. 3. 
0075 Aprinted wiringboard 24 is arranged opposed to the 
side surface of the unit cells 21 where the negative electrode 
terminal 19 and the positive electrode terminal 18 are 
extended. A thermistor 25, a protective circuit 26, and an 
energizing terminal 27 to an external instrument are mounted 
on the printed wiring board 24 as shown in FIG.3. An electric 
insulating plate (not shown) is attached to the Surface of the 
printed wiring board 24 facing the battery module 23 to avoid 
unnecessary connection of the wiring of the battery module 
23. 

0076 A positive electrode lead 28 is connected to the 
positive electrode terminal 18 located at the bottom layer of 
the battery module 23 and the distal end is inserted into a 
positive electrode connector 29 of the printed wiring board 24 
So as to be electrically connected. An negative electrode lead 
30 is connected to the negative electrode terminal 19 located 
at the top layer of the battery module 23 and the distal end is 
inserted into an negative electrode connector 31 of the printed 
wiring board 24 so as to be electrically connected. The con 
nectors 29 and 31 are connected to the protective circuit 26 
through wirings 32 and 33 formed in the printed wiring board 
24. 

(0077. Thethermistor 25 detects the temperature of the unit 
cells 21 and the detection signal is sent to the protective circuit 
26. The protective circuit 26 can shut down a plus wiring 34a 
and a minus wiring 34b between the protective circuit 26 and 
the energizing terminals 27 to an external instrument under a 
predetermined condition. For example, the predetermined 
condition indicates when the detection temperature of the 
thermistor 25 becomes more than a predetermined tempera 
ture. Or, the predetermined condition indicates when the 
overcharge, overdischarge, and over-current of the unit cells 
21 are detected. The overcharge detection may be performed 
on each of the unit cells 21 or the battery module 23. When 
each of the unit cells 21 is detected, the cell voltage may be 
detected, or positive electrode or negative electrode potential 
may be detected. In the case of the latter, a lithium electrode 
to be used as a reference electrode is inserted into each of the 
unit cells 21. In the case of FIGS. 2 and 3, wirings 35 for 
Voltage detection are connected to the unit cells 21 and detec 
tion signals are sent to the protective circuit 26 through the 
wirings 35. 
0078 Protective sheets 36 comprising rubber or resin are 
arranged on three side surfaces of the battery module 23 
except the side surface in which the positive electrode termi 
nal 18 and the negative electrode terminal 19 are protruded. 
007.9 The battery module 23 is housed in a housing con 
tainer 37 together with each of the protective sheets 36 and the 
printed wiring board 24. That is, the protective sheets 36 are 
arranged on both internal Surfaces in a long side direction of 
the housing container 37 and on one of the internal surface at 
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the opposite side in a short side direction. The printed wiring 
board 24 is arranged on the other internal Surface in a short 
side direction. The battery module 23 is located in a space 
surrounded by the protective sheets 36 and the printed wiring 
board 24. A lid 38 is attached to the upper surface of the 
housing container 37. 
0080. In order to fix the battery module 23, a heat-shrink 
able tape may be used in place of the adhesive tape 22. In this 
case, the battery module is bound by placing the protective 
sheets on the both sides of the battery module, revolving the 
heat-shrinkable tube, and thermally shrinking the heat 
shrinkable tube. 
0081. In FIGS. 2 and 3, the form in which the unit cells 21 
are connected in series is shown. However, in order to 
increase the battery capacity, the cells may be connected in 
parallel. Alternatively, the cells may be formed by combining 
series connection and parallel connection. The battery mod 
ule packs can be connected in series or in parallel each other. 
0082. The embodiments of the battery pack is appropri 
ately changed according to the use. The battery pack is used 
suitably for the application which requires the excellent cycle 
performance at a high current. It is used specifically as a 
power source for digital cameras, for vehicles Such as two- or 
four-wheel hybrid electric vehicles, for two- or four-wheel 
electric vehicles, and for assisted bicycles. Particularly, it is 
suitably used as a battery for automobile use. 
0083. Since the battery pack of the second embodiment 
contains the nonaqueous electrolyte battery of the first 
embodiment, the battery pack having high safety under a high 
temperature environment, excellent charge/discharge cycle 
performance even under a high temperature environment, 
high discharge rate performance, and a high capacity can be 
attained. 

EXAMPLES 

0084. Hereinafter, Examples of the present invention will 
be described in detail with reference to the drawings. How 
ever, the present invention is not limited to these examples. 

Example 1 

0085 LiMnossFeos PO particles having an average par 
ticle diameter of 3 um and a specific surface area of 0.8 m/g 
measured by the BET method by Nadsorption, and having 
an olivine structure were used as a positive electrode active 
material. By weight, 8% of graphite powder as a conductive 
agent based on the entire positive electrode, and 5% by weight 
of PVdF as a binder based on the entire positive electrode 
were formulated therein, respectively. These were dispersed 
in an n-methylpyrrolidone (NMP) solvent to prepare a slurry. 
Thereafter, the slurry was applied on both surfaces of an 
aluminum alloy foil (purity: 99 wt %) having a thickness of 15 
um, dried, and Subjected to a press process, to produce a 
positive electrode having a positive electrode material layer 
obtained by applying the slurry of an amount of 12.8 mg/cm 
on one surface and having a thickness of 43 um on one 
surface, and an electrode density of 3.2 g/cm. The specific 
surface area of the positive electrode material layer was 0.5 
m?g. 
I0086 Monoclinic TiO,(B) particles having an average 
particle diameter of secondary particle diameters of 5um, an 
average primary particle diameter of 0.3 um, and a BET 
specific surface area of 20 m/g were used as a negative 
electrode active material. Negative electrode active material 
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particles, graphite powder having an average particle diam 
eter of 5um and a BET specific surface area of 10 m/g, and 
PVdF as a binder were formulated at a weight ratio of 90:6:4. 
These were dispersed in an n-methylpyrrolidone (NMP) sol 
vent, and stirred under conditions of the number of rotations 
of 1000 rpm and a stirring time of 2 hours by use of a ball mill, 
to prepare a slurry. The obtained slurry was applied on an 
aluminum alloy foil (purity: 99.3 wt %) having a thickness of 
15um, dried, and Subjected to a press process, to produce a 
negative electrode having a negative electrode material layer 
obtained by applying the slurry of an amount of 13 mg/cmon 
one surface and having a thickness of 59 um on one surface, 
and an electrode density of 2.2 g/cm. The porosity of the 
negative electrode except for a current collector was 35%. 
The BET specific surface area (surface area per 1 g of the 
negative electrode material layer) of the negative electrode 
material layer was 10 m/g. 
I0087. On the other hand, a nonwoven fabric separator 
having a thickness of 20 um and made of cellulose was 
contacted with the positive electrode, to cover the positive 
electrode with the separator. Thereafter, the negative elec 
trode was put thereon, and the negative electrode was 
opposed to the positive electrode with the separator inter 
posed therebetween. These were spirally wound, to produce 
an electrode group. The electrode group was further pressed 
to form the electrode group into a flat shape. The electrode 
group was housed in a thin metal can (case) made of an 
aluminium alloy having a thickness of 0.3 mm (Al purity: 99 
wt %). 
I0088 LiPF in an amount of 1.0 mol/L as an electrolyte 
was dissolved in a mixed solvent of trimethyl phosphate and 
propylene carbonate (PC) with volume ratio of 80:20 to pre 
pare a liquid nonaqueous electrolyte (nonaqueous electrolytic 
Solution). The nonaqueous electrolyte was poured into the 
electrode group in the case to produce a thin nonaqueous 
electrolyte battery having the structure shown in FIG. 1 and 
having a thickness of 4 mm, a width of 30 mm, and a height 
of 60 mm. 

Examples 2 to 20 

I0089. Thin nonaqueous electrolyte batteries were pro 
duced in the same manner as in Example 1 except that a 
composition of a nonaqueous solvent, a kind and concentra 
tion of an electrolyte, a negative electrode active material, a 
specific Surface area of the negative electrode active material, 
and a positive electrode active material were set as shown in 
Tables 1 and 2. 

Comparative Examples 1 to 7 

0090 Thin nonaqueous electrolyte batteries were pro 
duced in the same manner as in Example 1 except that a 
composition of a nonaqueous solvent, a kind and concentra 
tion of an electrolyte, a negative electrode active material, a 
specific Surface area of the negative electrode active material, 
and a positive electrode active material were set as shown in 
Tables 1 and 2. 
0091. A method for measuring the negative electrode 
active material particles will be shown below. 
0092. The negative electrode active material particles 
were measured by use of a laser diffraction distribution mea 
surement apparatus (Shimadzu SALD-300) by a method for 
first adding about 0.1 g of a sample, a surfactant, and 1 to 2 mL 
of purified water into a beaker; sufficiently stirring the mix 
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ture; pouring the mixture into an agitation bath; measuring 
the luminosity distribution 64 times at intervals of two sec 
onds; and analyzing particle size distribution data. 
0093. The BET specific surface areas, based on Nadsorp 
tion, of the positive electrode active material particles, the 
positive electrode material layer, the negative electrode active 
material particles, and the negative electrode material layer 
were measured under the following conditions. 
0094. In the case of the active material particles of each of 
the positive electrode and the negative electrode, the amount 
of the sample for measurement was set to 1 g. For the positive 
electrode and the negative electrode, two small pieces of 2x2 
cm were cut out from each of the electrodes, which were 
used as the sample. ABET specific Surface area measurement 
apparatus manufactured by Yuasa Ionics Co. was used, and 
nitrogen gas was used as an adsorption gas. 
0095. The porosity of the negative electrode is calculated 
by comparing the Volume of the negative electrode material 
layer with the volume of the negative electrode material layer 
when the porosity is 0%, and considering the increment of the 
volume from the volume of the negative electrode material 
layer when the porosity is 0% as a pore volume. The volume 
of the negative electrode material layer is a total of the vol 
umes of both sides of the negative electrode material layer in 
the case where the negative electrode material layer is formed 
on both sides of the collector. 
0096. The battery performances of Examples and Com 
parative Examples are measured under the conditions 
described below, and the results are shown in Tables 3 and 4. 
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0097. The nonaqueous electrolyte battery was charged to 
2.8 V at a constant current of 1 A at 25° C. for 1 hour. 
Thereafter, a discharge capacity when the nonaqueous elec 
trolyte battery was discharged at 0.6 A (equivalent to 1 C) to 
1.5V was measured. The nonaqueous electrolyte battery was 
charged to 2.8 V at a constant current of 1 A at 25°C. for 1 
hour. Thereafter, a discharge capacity when the nonaqueous 
electrolyte battery was discharged at a current value of 5 C to 
1.5 V was measured. The discharge capacity at 0.6 A (equiva 
lent to 1 C) was defined as 100%, and the discharge capacity 
obtained when being discharged at 5 C was represented, to 
obtain a 5 C discharge capacity maintenance rate. A high 
temperature cycle test was performed to repeat charge to 2.8 
V at a constant current of 1 A at 45° C. for 1 hour and 
discharge at a constant current of 0.6 A to 1.5 V. Cycle life in 
the cycle test at 45° C. was the number of cycles at the 
capacity maintenance rate of 80% of an initial capacity. 
0.098 Discharge capacities, 5 C discharge capacity main 
tenance rates, and high temperature cycle lives in Examples 
18 to 21 and Comparative Examples 1 and 6 were measured 
under the same conditions as those of the nonaqueous elec 
trolyte batteries of the other Examples and Comparative 
Examples except that a final charge Voltage was changed from 
2.8V to 3.3 V, and a final discharge voltage was changed from 
1.5 V to 25 V. 
0099. The nonaqueous electrolyte battery after full charge 
was left in athermostat bath at 150° C. for 30 minutes, and the 
highest temperature of the surface of the battery was mea 
sured, to perform an oven test at 150° C. 

TABLE 1. 

specific 
Surface 

area of 

negative 
negative electrode positive 

kind electrode active electrode 

concentration active material active 

nonaqueous solvent composition of electrolyte material (m’g) material 

Example 1 80% trimethyl phosphate/20% PC LiPF/1 mol/ TiO(B) 2O LiMnoss Feo. 15PO4 

Example 2 60% trimethyl phosphate/40% PC LiPF/1 mol/ TiO(B) 2O LiMnoss Feo. 15PO4 

Example 3 30% trimethyl phosphate/70% PC LiPF/1 mol/ TiO(B) 2O LiMnoss Feo. 15PO4 

Example 4 90% trimethyl phosphate? 10% PC LiPF/1 mol/ TiO(B) 2O LiMnoss Feo. 15PO4 
Example 5 80% trimethyl phosphate/20% PC LiPF6/1 mol/L LiTi5012 2O LiMnogFeo. 1 PO4 
Example 6 80% trimethyl phosphate/20% PC LiPF/1 mol/ Nb,TiO, 2O LiMnogFeo. PO 

Example 7 80% triethyl phosphate/20% PC LiPF/1 mol/ TiO,(B) 2O LiMnoss Feo.15PO4 
Example 8 80% tripropyl phosphate/20% PC LiPF/1 mol/ TiO(B) 2O LiMnoss Feo. 15PO4 

Example 9 80% tributyl phosphate/20% PC LiPF/1 mol/ TiO(B) 2O LiMnoss Feo. 15PO4 

Example 10 80% trimethyl phosphate/20% BC LiPF/1 mol/ TiO(B) 2O LiMnoss Feo. 15PO4 
Example 11 80% trimethyl phosphate/20% EC LiPF/1 mol/ TiO(B) 2O LiMnoss Feo. 15PO4 
Example 12 80% trimethyl phosphate/20% EMS LiPF/1 mol/ TiO(B) 2O LiMnoss Feo. 15PO4 
Example 13 80% trimethyl phosphate/20% EiPS LiPF/1 mol/ TiO(B) 2O LiMnoss Feo. 15PO4 
Example 14 80% trimethyl phosphate/20% PC LiPF/1 mol/ TiO(B) 30 LiMnoss Feo. 15PO4 
Example 15 80% trimethyl phosphate/20% PC LiPF/1 mol/ TiO,(B) 40 LiMnoss Feo.15PO4 
Example 16 80% trimethyl phosphate/20% PC LiPF/1 mol/ TiO,(B) 50 LiMnoss Feo.15PO4 
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TABLE 2 

specific 
Surface 
area of 
negative 

negative electrode 
electrode active positive 

nonaqueous solvent kind concentration active material electrode active 
composition of electrolyte material (m’/g) material 

Example 17 50% trifluoromethyl LiPF/1 mol/L Nb,TiO, 5 LiNios MinisO4 
phosphate/50% EiPS 

Example 18 50% trifluoroethyl LiPF/1 mol/L Nb,TiO, 3 LiNios MinisO4 
phosphate/50% EiPS 

Example 19 50% trimethyl LiPF/1 mol/L TiO(B) 2O LiNios MinisO4 
phosphate/50% EiPS 

Example 20 50% triethyl LiPF/1 mol/L TiO(B) 2O LiNios MinisO4 
phosphate/50% EMS 

Comparative 100% trimethyl LiPF 1 mol/L Li Ti502 2 LiNios MinisO4 
Example 1 phosphate 
Comparative 80% diethyl LiPF 1 mol/L Li Ti502 2O LiMnoss Feo.1s POA 
Example 2 carbonate; 20% PC 
Comparative 80% diethyl LiPF/1 mol/L TiO(B) 2O LiMnoss Feo.1s POA 
Example 3 carbonate; 20% PC 
Comparative 100% PC LiPF/1 mol/L TiO(B) 2O LiMnoss Feo.1s POA 
Example 4 

Comparative 80% trimethyl LiPF/1 mol/L TiO(B) 2O LiNiosMino. 1 Cool O-2 
Example 5 phosphate/20% PC 
Comparative 80% diethyl LiPF/1 mol/L TiO(B) 2O LiNios MinisO4 
Example 6 carbonate; 20% PC 
Comparative 80% trimethyl LiBF1 mol/L TiO(B) 2O LiMnoss Feo.1s POA 
Example 7 phosphate/20% GBL 

TABLE 3 TABLE 4-continued 

highest highest 
discharge 5C discharge temperature (C.) discharge 5C discharge temperature (C.) 
capacity at capacity cycle life of battery after 30 capacity at capacity cycle life of battery after 30 
25°C. maintenance at 45° C. minutes from oven 25 C. maintenance at 45° C. minutes from OWel 
(mh) rate (%) (times) test at 150° C. (mAh) rate (%) (times) test at 150° C. 

Example 1 700 65 4OOO 50 o 450 60 4000 18O 

Example 2 700 70 4500 50 Comparative 700 70 3OOO 190 
Example 3 68O 60 4200 60 Example 3 
Example 4 600 50 3500 50 Comparative 500 30 3OOO 160 
Example 5 600 60 SOOO 50 Example 4 
Example 6 750 60 4500 50 Comparative 700 70 2OOO 2OO 
Example 7 6SO 60 3500 50 Example 5 
Example 8 600 55 3400 50 Comparative 6SO 50 200 2OO 
Example 9 600 50 3200 50 Example 6 
Example 10 600 50 3500 50 Comparative 500 30 500 150 
Example 11 720 65 4200 50 Example 7 
Example 12 600 60 4OOO 50 

ENE t g 3. is: . 0100. As apparent from Tables 1 to 4, the nonaqueous 
Example 15 750 75 38OO 52 electrolyte batteries of Comparative Examples 2 to 6 had the 
Example 16 760 8O 3500 55 highest battery temperatures in the oven test, higher than 

those of the nonaqueous electrolyte batteries of Examples 1 to 
20, and a thermal stability poorer than that of the nonaqueous 
electrolyte batteries of Examples 1 to 20. The nonaqueous 

TABLE 4 electrolyte batteries of Comparative Examples 1 and 7 had the 
highest highest battery temperature of 150° C. in the oven test, and 
1gnes 

discharge 5C discharge temperature (C.) had a discharge capacity, a capacity maintenance rate at a 5 C 
capacity at capacity cycle life of battery after 30 large current discharge, and cycle life poorer than those of 
25°C. maintenance at 45° C. minutes from oven Examples 1 to 20. Examples 1 to 20 can have the highest 
(mAh) rate (%) (times) test at 150° C. battery temperature of 150 to 155° C. in the oven test, and 

attain the discharge capacity of 600 mAh or more, the 5 C 
Example 17 700 70 2SOO 150 O E discharge capacity maintenance rate of 50% or more, and the xample 18 700 60 3OOO 150 
Example 19 6SO 75 1800 150 cycle life of 1500 or more. 
Example 20 6SO 8O 1SOO 150 
Comparative 500 30 500 150 Examples 21 to 31 
Example 1 0101 Thin nonaqueous electrolyte batteries were pro 

duced in the same manner as in Example 1 except that a 
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composition of a nonaqueous solvent, a kind and concentra- TABLE 6-continued 
tion of an electrolyte, a negative electrode active material, a 
specific Surface area of the negative electrode active material, highest 
and a positive electrode active material were set as shown in discharge 5C discharge temperature (C.) 
Table 5. capacity at capacity cycle life at of battery after 30 

25o C. maintenance 45° C. minutes from oven 

Example 32 (mAh) rate (%) (times) test at 150° C. 

0102) A positive electrode was produced in the same man- Example 29 750 85 7000 150 
ner as in Example 1 except that one obtained by mixing a third Example 30 82O 85 6OOO 160 
oxide (LiNiMn. CooO) and a second metal phosphate Example 31 830 8O 6SOO 160 

0.8'91-'0.1-2). Example 32 750 65 6OOO 152 (LiMnoss Feo. PO) at a weight ratio of 1:1 was used as a 
positive electrode active material. A thin nonaqueous electro 
lyte battery was produced in the same manner as in Example 
1 except that the obtained positive electrode was used. (0.104) The comparison of the results of Tables 5 and 6 with 
0103) A discharge capacity at 25°C., a 5 C discharge the results of Tables 1 to 4 shows that the discharge capacities 
capacity maintenance rate, a cycle life at 45°C., and a highest at 25° C., 5 C discharge capacity maintenance rates, and 
battery temperature after an oven test were measured for the highest battery temperatures after an oven test, of the batteries 
obtained nonaqueous electrolyte batteries of Examples under of Examples 21 to 32 which contain the positive electrode 
the same conditions as those described above. The results are containing the third oxide and the nonaqueous electrolyte 
shown in Table 6. containing fluorinated phosphate esters are equal to or higher 

TABLE 5 

specific 
Surface area of 

negative negative 
kind electrode electrode 

nonaqueous solvent concentration active active positive electrode 
composition of electrolyte material material (m/g) active material 

Example 50% trifluoromethyl LiPF/1 mol/L TiO2(B) 2O LiNios Mino. 1 Coo.1O2 
21 phosphate/50% PC 

Example 50% trifluoroethy LiPF/1 mol/L TiO,(B) 2O LiNio's Mino. 1 Coo.1O2 
22 phosphate/50% PC 

Example 50% trifluoropropyl LiPF/1 mol/L. TiO2(B) 2O LiNios Mino. 1 Coo.1O2 
23 phosphate/50% PC 

Example 50% trifluorobuty LiPF/1 mol/L. TiO2(B) 2O LiNios Mino. 1 Coo.1O2 
24 phosphate/50% PC 

Example 50% trifluoroethy LiPF61 mol/L Li Ti5012 1O LiNios Mino. 1 Coo.1O2 
25 phosphate/50% PC 

Example 50% trifluoroethy LiPF/1 mol/L Nb,TiO, 1O LiNios Mino. 1 Coo.1O2 
26 phosphate/50% PC 

Example 50% trifluoroethy LiPF/I mol/L Nb,TiO7 1O LiNios Mino.2Coo2O2 
27 phosphate/25% PC/25% DEC 

Example 50% trifluoroethy LiPF/1 mol/L Nb,TiO, 1O LiNios Mino.2Coo3O2 
28 phosphate/25% PC/25% DEC 

Example 30% trifluoroethy LiPF/1 mol/L Nb,TiO, 1O LiNio.3Mno Coo3O2 
29 phosphate/40% PC/30% DEC 

Example 50% trifluoroethy LiPF/1 mol/L Nb,TiO, 1O LiNios Mino. 1 Coo.1O2 
30 phosphate/25% PC/25% DEC 

Example 60% trifluoroethy LiPF/1 mol/L Nb,TiO, 1O LiNios Mino. 1 Coo.1O2 
31 phosphate/20% PC/20% DEC 

Example 50% trifluoroethy LiPF/1 mol/L. TiO2(B) 2O LiNios Mino. 1 Coo.1O2 
32 phosphate/50% PC LiMnossFeo.15PO4 

TABLE 6 than those of Examples 1 to 20, and the charge/discharge 
cycles at a high temperature such as 45°C., of the batteries of 

highest Examples 21 to 32 are more excellent than those of Examples 
discharge 5C discharge temperature (C.) 1 2O 
capacity at capacity cycle life at of battery after 30 tO2). 

25° C. maintenance 45° C. minutes from oven 0105 Since the nonaqueous electrolyte batteries of at least 
(mAh) rate (%) (times) test at 150° C. one embodiment and Examples described above contain the 

Example 21 700 70 4500 155 positive electrode containing at least one oxide selected from 
Example 22 800 75 5500 155 the group consisting of the first oxide having the spinel struc 
EME 23 700 65 4500 155 ture and represented by Li Nios MnO (0<Xs 1.1), and the 
Example 24 750 60 4000 155 second metal phosphate having the olivine structure and rep 
Example 25 6SO 8O 7000 150 
Example 26 1OOO 8O 6OOO 150 resented by Li,Mn, Fe, PO, (0<x<1.1, 0<ws0.5), the nega 
Example 27 950 85 6SOO 155 tive electrode containing the titanium-containing oxide, and 
Example 28 800 85 68OO 155 the nonaqueous electrolyte containing the first solvent and 

LiPF, the nonaqueous electrolyte battery having excellent 
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cycle performance, thermal stability, and discharge rate per 
formance under a high temperature environment can be 
attained. 
0106 Since the nonaqueous electrolyte batteries of at least 
one embodiment and Examples described above contains the 
positive electrode containing at least one oxide selected from 
the group consisting of the first oxide having the spinel struc 
ture and represented by Li Nios MnO (0<Xs 1.1), the sec 
ond metal phosphate having the olivine structure and repre 
sented by Li MnFePO (0<xs 1.1, Osws0.5), and the 
third oxide having the layered structure and represented by 
Li, Ni, Mn. Co-O, (0-xs1.1, 0.3sy<1,0sz-0.5), the nega 
tive electrode containing the titanium-containing oxide, and 
the nonaqueous electrolyte containing the first solvent, the 
nonaqueous electrolyte battery having excellent cycle perfor 
mance, thermal stability, and discharge rate performance 
under a high temperature environment can be attained. 
0107 While certain embodiments have been described, 
these embodiments have been presented by way of example 
only, and are not intended to limit the scope of the inventions. 
Indeed, the novel embodiments described herein may be 
embodied in a variety of other forms; furthermore, various 
omissions, Substitutions and changes in the form of the 
embodiments described herein may be made without depart 
ing from the spirit of the inventions. The accompanying 
claims and their equivalents are intended to cover Such forms 
or modifications as would fall within the scope and spirit of 
the inventions. 

What is claimed is: 
1. A nonaqueous electrolyte battery comprising: 
a positive electrode comprising at least one oxide selected 

from the group consisting of a first oxide having a spinel 
structure and represented by Li Nios MnO (0<Xs1. 
1), a second metal phosphate having an olivine structure 
and represented by Li MnFePO (0<xs1.1, Osws0. 
5), and a third oxide having a layered structure and 
represented by Li, Ni,Mn. Co-O, (0<x<1.1.0.3sy<1, 
Oszs0.5); 

a negative electrode comprising a titanium-containing 
oxide; and 

a nonaqueous electrolyte comprising a nonaqueous solvent 
and an electrolyte dissolved in the nonaqueous solvent, 
wherein the nonaqueous solvent comprises a first sol 
vent comprising at least one compound selected from 
the group consisting of trimethyl phosphate, triethyl 
phosphate, tripropyl phosphate, tributyl phosphate and 
fluorinated phosphate ester. 

2. The nonaqueous electrolyte battery according to claim 1, 
wherein the first solvent comprises the fluorinated phosphate 
ester. 

3. The nonaqueous electrolyte battery according to claim 1, 
wherein the positive electrode comprises the third oxide. 

4. The nonaqueous electrolyte battery according to claim 1, 
wherein the fluorinated phosphate ester comprise at least one 
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selected from the group consisting of trifluoromethyl phos 
phate, trifluoroethyl phosphate, trifluoropropyl phosphate, 
and trifluorobutyl phosphate. 

5. The nonaqueous electrolyte battery according to claim 1, 
wherein the electrolyte comprises LiPF. 

6. The nonaqueous electrolyte battery according to claim 1, 
wherein the nonaqueous solvent further comprises a second 
Solvent comprising at least one selected from the group con 
sisting of propylene carbonate, ethylene carbonate, butylene 
carbonate, diethyl carbonate, ethylmethylsulfone, and ethyl 
isopropyl sulfone, and a content of the first solvent in the 
nonaqueous solvent is 30 to 90% by volume. 

7. The nonaqueous electrolyte battery according to claim 1, 
wherein the titanium-containing oxide comprises at least one 
selected from the group consisting of a lithium titanium 
oxide, a titanium oxide, and a niobium titanium composite 
oxide. 

8. A battery pack comprising the nonaqueous electrolyte 
battery according to claim 1. 

9. A nonaqueous electrolyte battery comprising: 
a positive electrode comprising at least one of a first oxide 

having a spinel structure and represented by Li Nio. 
5MnO (0<Xs 1.1), and a second metal phosphatehav 
ing an olivine structure and represented by LiMn 
FePO (0<x<1.1, 0<ws0.5); 

a negative electrode comprising a titanium-containing 
oxide; and 

a nonaqueous electrolyte comprising a nonaqueous solvent 
and LiPF dissolved in the nonaqueous solvent, wherein 
the nonaqueous solvent comprises a first solvent com 
prising at least one compound selected from the group 
consisting of trimethyl phosphate, triethyl phosphate, 
tripropyl phosphate, and tributyl phosphate, and/or flu 
orinated phosphate esters of the at least one compound. 

10. The nonaqueous electrolyte battery according to claim 
9, wherein the nonaqueous solvent further comprises a sec 
ond solvent comprising at least one selected from the group 
consisting of propylene carbonate, ethylene carbonate, buty 
lene carbonate, ethylmethyl sulfone, and ethylisopropyl Sul 
fone, and a content of the first solvent in the nonaqueous 
solvent is 30 to 90% by volume. 

11. The nonaqueous electrolyte battery according to claim 
9, wherein the nonaqueous solvent further comprises a sec 
ond solvent comprising at least one selected from the group 
consisting of propylene carbonate, ethylene carbonate, buty 
lene carbonate, diethyl carbonate, ethylmethyl sulfone, and 
ethylisopropyl sulfone, and a content of the first solvent in the 
nonaqueous solvent is 30 to 90% by volume. 

12. The nonaqueous electrolyte battery according to claim 
9, wherein the titanium-containing oxide comprises at least 
one selected from the group consisting of a lithium titanium 
oxide, a titanium oxide, and a niobium titanium composite 
oxide. 

13. A battery pack comprising the nonaqueous electrolyte 
battery according to claim 9. 
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