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(57) ABSTRACT 

A method of manufacturing a nonaqueous electrolyte sec 
ondary battery includes: a first step of preparing a positive 
electrode mixture paste; and a second step of preparing a 
positive electrode. In the first step, at least one binder 
including an acidic binder in an amount set such that a pH 
value of an aqueous Solution obtained by dissolving the set 
amount of acidic binder in the same amount of water as that 
of the solvent is within a range of 1.7 to 5.5 is used. 
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METHOD OF MANUFACTURING 
NONAQUEOUSELECTROLYTE 

SECONDARY BATTERY 

INCORPORATION BY REFERENCE 

0001. The disclosure of Japanese Patent Application No. 
2015-197857 filed on Oct. 5, 2015 including the specifica 
tion, drawings and abstract is incorporated herein by refer 
ence in its entirety. 

BACKGROUND 

0002 1. Technical Field 
0003. The present disclosure relates to a method of 
manufacturing a nonaqueous electrolyte secondary battery. 
0004 2. Description of Related Art 
0005. In a nonaqueous electrolyte secondary battery, in a 
case where the potential of a positive electrode active 
material (equivalent to the potential of a positive electrode) 
increases due to initial charging or the like, a solvent of a 
nonaqueous electrolytic Solution is oxidized and decom 
posed on a surface of the positive electrode active material, 
and hydrogen ions produced by the oxidative decomposition 
may react with fluorine ions in the nonaqueous electrolytic 
solution to produce hydrofluoric acid (HF). Due to the action 
of the hydrofluoric acid, a transition metal is eluted from the 
positive electrode active material, and the performance of 
the battery may deteriorate. 
0006. On the other hand, Japanese Patent Application 
Publication No. 2014-103098 (JP 2014-103098 A) discloses 
a technique of adding lithium phosphate to a positive 
electrode mixture layer such that hydrofluoric acid produced 
as described above is caused to react with lithium phosphate 
(LiPO) to reduce the amount of the hydrofluoric acid and 
thereby to reduce the elution of a transition metal from a 
positive electrode active material. Specifically, in JP 2014 
103098 A, a positive electrode mixture paste is prepared by 
kneading (stirring) a positive electrode active material, a 
conductive material, a neutral binder, lithium phosphate, and 
a solvent. The prepared positive electrode mixture paste is 
applied to a current collector member and is dried. As a 
result, a positive electrode that includes a positive electrode 
mixture layer containing lithium phosphate is prepared. 

SUMMARY 

0007. However, in the preparation method disclosed in JP 
2014-103098 A, the degree to which lithium phosphate is 
dispersed in the positive electrode mixture layer may not be 
improved. Specifically, for example, during the preparation 
of a positive electrode mixture paste, particles of lithium 
phosphate may aggregate (or aggregated lithium phosphate 
particles may not separate from each other) Such that the 
dispersibility of lithium phosphate in the positive electrode 
mixture paste deteriorates and thus the degree to which 
lithium phosphate is dispersed in the positive electrode 
mixture layer may deteriorate. In a case where the kneading 
(stirring) energy for the positive electrode mixture paste is 
increased in order to improve the dispersibility of lithium 
phosphate, the positive electrode active material may crack. 
Therefore, the method of increasing the kneading (stirring) 
energy to improve the dispersibility of lithium phosphate 
cannot be adopted. 
0008. In a case where the degree to which lithium phos 
phate is dispersed in a positive electrode mixture layer is 
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poor (lithium phosphate is not uniformly dispersed in the 
positive electrode mixture layer), lithium phosphate cannot 
be caused to appropriately react with hydrofluoric acid 
produced from Surfaces of many positive electrode active 
material particles which are dispersed in the entire region of 
the positive electrode mixture layer. Thus, the elution of a 
transition metal from the positive electrode active material 
may not be appropriately prevented. 
0009. The disclosure provides a method of manufactur 
ing a nonaqueous electrolyte secondary battery capable of 
improving the degree to which lithium phosphate is dis 
persed in a positive electrode mixture layer. 
0010. According to a first aspect of the disclosure, there 
is provided a method of manufacturing a nonaqueous elec 
trolyte secondary battery, the method including: preparing a 
positive electrode mixture paste by kneading a positive 
electrode active material, a conductive material, a solvent, at 
least one binder, and lithium phosphate, the at least one 
binder including an acidic binder in an amount set Such that 
a pH value of an aqueous Solution obtained by dissolving the 
set amount of acidic binder in the same amount of water as 
that of the solvent is within a range of 1.7 to 5.5; preparing 
a positive electrode including a positive electrode mixture 
layer formed on a surface of a current collector member by 
applying the positive electrode mixture paste to the Surface 
of the current collector member and drying the positive 
electrode mixture paste; constructing the nonaqueous elec 
trolyte secondary battery by accommodating the positive 
electrode, a negative electrode, and a nonaqueous electro 
lytic Solution containing a fluorine-containing compound in 
a battery case; and charging the nonaqueous electrolyte 
secondary battery. 
0011. In the above-described method of manufacturing a 
nonaqueous electrolyte secondary battery, when preparing 
the positive electrode mixture paste, the at least one binder 
including the acidic binder are used. In other words, a 
portion of the at least one binder used during the preparation 
of the positive electrode mixture paste is the acidic binder. 
0012. In this way, by adding the acidic binder during the 
preparation of the positive electrode mixture paste, the 
acidic binder can make at least a portion of the lithium 
phosphate dissolve in a liquid of the positive electrode 
mixture paste. By adjusting at least a portion of the lithium 
phosphate to dissolve in the liquid, the dispersibility of the 
lithium phosphate in the positive electrode mixture paste can 
be improved. As a result, the degree to which the lithium 
phosphate is dispersed in the positive electrode mixture 
layer, which is formed by drying the positive electrode 
mixture paste, can be improved. 
0013 However, as the addition amount of the acidic 
binder becomes excessively large, the internal resistance (IV 
resistance) of the nonaqueous electrolyte secondary battery 
may increase. The reason for this is presumed that, in a case 
where the addition amount of the acidic binder is exces 
sively large, a transition metal is eluted from the positive 
electrode active material, and thus the internal resistance (IV 
resistance) of the battery increases. 
0014. On the other hand, in the above-described method, 
the addition amount of the acidic binder during the prepa 
ration of the positive electrode mixture paste corresponds to 
the amount (corresponding amount) set Such that a pH value 
of an aqueous solution obtained by dissolving the set amount 
of acidic binder in the same amount of water as that of the 
solvent is within a range of 1.7 to 5.5. In other words, the 
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acidic binder is added during the preparation of the positive 
electrode mixture paste in an amount set such that a pH 
value of an aqueous Solution obtained by dissolving the set 
amount of acidic binder in the same amount of water as that 
of the solvent is within a range of 1.7 to 5.5. 
0015. By adjusting the addition amount of the acidic 
binder as described above (such that the value in terms of pH 
does not fall below 1.7), the elution of a transition metal 
from the positive electrode active material can be reduced, 
and the internal resistance (IV resistance) of the nonaqueous 
electrolyte secondary battery can be reduced. As the addition 
amount of the acidic binder increases, the value in terms of 
pH decreases. 
0016. On the other hand, in a case where the addition 
amount of the acidic binder is excessively small, the dis 
persibility of lithium phosphate in the positive electrode 
mixture paste may not be appropriately improved. On the 
other hand, in the above-described method, the acidic binder 
is added in an amount in which the value in terms of pH is 
5.5 or lower. As a result, the dispersibility of lithium 
phosphate in the positive electrode mixture paste can be 
reliably improved. 
0017. Accordingly, when charging of the above-de 
scribed nonaqueous electrolyte secondary battery, the Sol 
vent of the nonaqueous electrolytic solution is oxidized and 
decomposed on a Surface of the positive electrode active 
material, and in a case where hydrogen ions produced by the 
oxidative decomposition react with fluorine ions in the 
nonaqueous electrolytic solution to produce hydrofluoric 
acid (HF), the probability that the produced hydrofluoric 
acid and lithium phosphate react with each other can be 
improved, and the amount of the produced hydrofluoric acid 
can be effectively reduced. As a result, the elution of a 
transition metal from the positive electrode active material 
caused by the action of hydrofluoric acid can be reduced. 
0018. By causing the hydrofluoric acid and the lithium 
phosphate to react with each other on the surface of the 
positive electrode active material, a protective film is formed 
(it is presumed that a film in which a fluorine-containing 
compound and a phosphorus-containing compound are 
mixed is formed) on the surface of the positive electrode 
active material. In the above-described method, the degree 
(dispersion degree) to which lithium phosphate is dispersed 
in the positive electrode mixture layer can be improved. 
Therefore, the protective film can be easily formed on each 
surface of the positive electrode active material in the 
positive electrode mixture layer. Due to the formation of the 
protective film, the oxidative decomposition of the solvent 
of the nonaqueous electrolytic solution on the Surface of the 
positive electrode active material can be prevented even in 
a case where the potential of the positive electrode active 
material increases (for example, 4.35 V or higher) due to the 
charging of the battery. 
0019. The acidic binder (binder which is acidic when 
dissolved in a polar solvent Such as water) is not particularly 
limited, and examples thereof include polyacrylic acid and 
alginic acid. 
0020. In the above-described method of manufacturing a 
nonaqueous electrolyte secondary battery, when preparing 
the positive electrode mixture paste, the acidic binder and a 
neutral binder may be used. 
0021. In a case where only the acidic binder is used 
during the preparation of the positive electrode mixture 
paste, the dispersibility of the positive electrode active 
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material in the positive electrode mixture paste may dete 
riorate, and the internal resistance (IV resistance) of the 
nonaqueous electrolyte secondary battery may increase. 
0022. On the other hand, in the above-described method, 
when preparing the positive electrode mixture paste, the 
acidic binder and the neutral binder are used (added). 
0023. In other words, the acidic binder and the neutral 
binder are used during the preparation of the positive 
electrode mixture paste. As a result, the dispersibility of the 
positive electrode active material in the positive electrode 
mixture paste can be improved, and the internal resistance 
(IV resistance) of the nonaqueous electrolyte secondary 
battery can be reduced. 
0024. Further, in the above-described method of manu 
facturing a nonaqueous electrolyte secondary battery, the 
acidic binder may be polyacrylic acid. 
0025 By using polyacrylic acid as the acidic binder 
added during the preparation of the positive electrode mix 
ture paste, at least a portion of lithium phosphate can be 
made to appropriately dissolve in a liquid of the positive 
electrode mixture paste. As a result, the degree to which the 
lithium phosphate is dispersed in the positive electrode 
mixture layer, which is formed by drying the positive 
electrode mixture paste, can be appropriately improved. 
0026. In the above-described method of manufacturing a 
nonaqueous electrolyte secondary battery, the positive elec 
trode active material may be a lithium nickel manganese 
oxide having a spinel structure. 
0027. In the above-described method, a lithium nickel 
manganese oxide having a spinel structure is used as the 
positive electrode active material. The crystal structure of 
the positive electrode active material is stable at a high 
potential (for example, 4.35 V or higher vs. lithium metal). 
Accordingly, by using the positive electrode active material, 
a nonaqueous electrolyte secondary battery capable of being 
stably used (that is, capable of stably obtaining a high 
output) even at a high Voltage can be manufactured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028 Features, advantages, and technical and industrial 
significance of exemplary embodiments of the disclosure 
will be described below with reference to the accompanying 
drawings, in which like numerals denote like elements, and 
wherein: 

0029 FIG. 1 is a plan view showing a nonaqueous 
electrolyte secondary battery according to Example 1: 
0030 FIG. 2 is a diagram showing a method of manu 
facturing the nonaqueous electrolyte secondary battery 
according to Example 1: 
0031 FIG. 3 is a diagram showing a configuration of a 
positive electrode: 
0032 FIG. 4 is a diagram showing a configuration of a 
negative electrode; 
0033 FIG. 5 is a flowchart showing the flow of the 
method of manufacturing the nonaqueous electrolyte sec 
ondary battery according to Example 1; and 
0034 FIG. 6 is a diagram showing the method of manu 
facturing the nonaqueous electrolyte secondary battery 
according to Example 1. 
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DETAILED DESCRIPTION OF EMBODIMENTS 

Example 1 

0035) Next, Example 1 will be described with reference 
to the drawings. FIG. 1 is a plan view showing a nonaqueous 
electrolyte secondary battery 100 according to Example 1. 
The nonaqueous electrolyte secondary battery 100 accord 
ing to Example 1 is a lithium ion secondary battery and, as 
shown in FIG. 1, includes: a battery case 110 having a 
rectangular shape in a plan view; a positive electrode 
terminal 120 that extends from the inside to the outside of 
the battery case 110; and a negative electrode terminal 130 
that extends from the inside to the outside of the battery case 
110. 
0036. The battery case 110 is formed of a laminate film 
101 in which an inside resin film 111 that is positioned on the 
innermost side of the battery case 110, a metal film 112 that 
is positioned adjacent to the outside of the inside resin film 
111 (depth side in FIG. 2), and an outside resin film 113 that 
is positioned adjacent to the outside of the metal film 112 are 
laminated (refer to FIG. 2). The battery case 110 is formed 
in a rectangular shape in a plan view by folding the laminate 
film 101, in which an electrode body 150 is disposed in an 
accommodation portion 119, at a folding position 110g as 
shown in FIG. 2 and sealing a rectangular ring-shaped 
welding sealing portion 115 (a peripheral edge portion of the 
battery case 110) by thermal welding as shown in FIG. 1. 
0037. Further, as shown in FIG. 2, the electrode body 150 
is accommodated in the battery case 110. This electrode 
body 150 a flat wound body having an elliptical shape in 
section which is obtained by winding an elliptical sheet 
shaped positive electrode 155, an elliptical sheet-shaped 
negative electrode 156, and a separator 157 in a flat shape. 
0038. As shown in FIG. 3, the positive electrode 155 
includes: a positive electrode current collector member 151 
that has a belt shape extending in a longitudinal direction 
DA and is formed of an aluminum foil; and two positive 
electrode mixture layers 152 that are disposed on both 
surfaces of the positive electrode current collector member 
151 in a belt shape extending the longitudinal direction DA, 
respectively. The positive electrode mixture layer 152 
includes: a positive electrode active material 11; a conduc 
tive material 12 that is formed of acetylene black; lithium 
phosphate 13; a neutral binder 14 that is formed of polyvi 
nylidene fluoride (PVDF); and an acidic binder 15 that is 
formed of polyacrylic acid. 
0039. A portion of the positive electrode 155 on which 
the positive electrode mixture layer 152 is formed will be 
referred to as a positive electrode mixture layer-forming 
portion 155c. On the other hand, a portion of the positive 
electrode 155 on which only the positive electrode current 
collector member 151 is present without the positive elec 
trode mixture layer 152 being formed will be referred to as 
a positive electrode mixture layer non-forming portion 155b. 
The positive electrode mixture layer non-forming portion 
155b extends along one long side of the positive electrode 
155 in a belt shape in the longitudinal direction DA of the 
positive electrode 155. The positive electrode mixture layer 
non-forming portion 155b is wound in a spiral shape and is 
positioned at one end portion (a left end portion in FIG. 2) 
of the electrode body 150 in an axis direction thereof 
(left-right direction in FIG. 2). The positive electrode ter 
minal 120 is welded to the positive electrode mixture layer 
non-forming portion 155b. 
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0040. In Example 1, a positive electrode active material 
containing a transition metal is used as the positive electrode 
active material 11. Specifically, a lithium nickel manganese 
oxide having a spinel structure (specifically, LiNiMn. 
sO4) is used as the positive electrode active material 11. The 
positive electrode active material 11 has an upper limit 
action potential of 4.35 V or higher vs. lithium metal. That 
is, the positive electrode active material 11 has a redox 
potential (action potential) of 4.35 V (vs. Li/Li') or higher 
in a case where the state of charge (SOC) of the nonaqueous 
electrolyte secondary battery 100 is in a range of 0% to 
100%. Accordingly, the nonaqueous electrolyte secondary 
battery 100 including the positive electrode active material 
11 has a region in which the potential of the positive 
electrode 155 (equivalent to the potential of the positive 
electrode active material 11) is 4.35 V (vs. Li/Li') or higher 
in a SOC region of 0% to 100%. In Example 1, the lithium 
nickel manganese oxide is used as the positive electrode 
active material 11. However, the kind of the positive elec 
trode active material is not particularly limited. For example, 
as the positive electrode active material 11, a layered active 
material Such as LiMnO, or LiNiCo, MnO, an active 
material having a spinel structure such as LiMnO, or an 
olivine-type active material such as LiMnPO can be used. 
0041 As shown in FIG. 4, the negative electrode 156 
includes: a negative electrode current collector member 158 
that has a belt shape extending in the longitudinal direction 
DA and is formed of a copper foil; and two negative 
electrode mixture layers 159 that are disposed on both 
surfaces of the negative electrode current collector member 
158 in a belt shape extending the longitudinal direction DA, 
respectively. The negative electrode mixture layer 159 
includes a negative electrode active material 18 and a binder 
formed of PVDF. In Example 1, a carbon material (specifi 
cally, graphite) is used as the negative electrode active 
material 18. 

0042 A portion of the negative electrode 156 on which 
the negative electrode mixture layer 159 is formed will be 
referred to as a negative electrode mixture layer-forming 
portion 156c. On the other hand, a portion of the negative 
electrode 156 on which only the negative electrode current 
collector member 158 is present without the negative elec 
trode mixture layer 159 being formed will be referred to as 
a negative electrode mixture layer non-forming portion 
156b. The negative electrode mixture layer non-forming 
portion 156b extends along one long side of the negative 
electrode 156 in a belt shape in the longitudinal direction DA 
of the negative electrode 156. The negative electrode mix 
ture layer non-forming portion 156b is wound in a spiral 
shape and is positioned at the other end portion (a right end 
portion in FIG. 2) of the electrode body 150 in the axis 
direction. The negative electrode terminal 130 is welded to 
the negative electrode mixture layer non-forming portion 
156b. 
0043. The separator 157 is formed of an electrically 
insulating resin film. The separator 157 is interposed 
between the positive electrode 155 and the negative elec 
trode 156 to separate them from each other. The separator 
157 is dipped in a nonaqueous electrolytic solution 140. 
0044. In Example 1, a nonaqueous electrolytic solution 
containing a fluorine (F)-containing compound is used as the 
nonaqueous electrolytic solution 140. Specifically, in the 
nonaqueous electrolytic solution, lithium hexafluorophos 
phate (LiPF) which is a fluorine-containing compound is 
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dissolved in a nonaqueous solvent in which ethylene car 
bonate (EC) and ethyl methyl carbonate (EMC) are mixed. 
0045. Next, a method of manufacturing the nonaqueous 
electrolyte secondary battery according to Example 1 will be 
described. FIG. 5 is a flowchart showing the flow of the 
method of manufacturing the nonaqueous electrolyte sec 
ondary battery according to Example 1. First, in Step S1 
(positive electrode mixture paste preparation step), a posi 
tive electrode mixture paste 10 is prepared. Specifically, as 
shown in FIG. 6, the positive electrode mixture paste 10 is 
obtained by kneading the positive electrode active material 
11 (LiNio, MnO), the conductive material 12 (acetylene 
black), the lithium phosphate 13, the neutral binder 14 
(PVDF), the acidic binder 15 (polyacrylic acid), and the 
solvent 16 (N-methyl-2-pyrrolidone (NMP)) with each other 
using a high-speed disperser 20. 
0046. In Step S1 (positive electrode mixture paste prepa 
ration step) of Example 1, a mixing ratio (weight ratio) of the 
positive electrode active material 11, the conductive material 
12, the lithium phosphate 13, the neutral binder 14, and the 
acidic binder 15 is 87:8:3:1.9:0.1. The addition amount (0.1 
wt %) of the acidic binder 15 corresponds to the amount in 
which, when (assuming that) the addition amount of the 
acidic binder 15 is dissolved in the same amount of water as 
that of the solvent 16 included in the positive electrode 
mixture paste 10 (the solvent 16 added in Step S1) to obtain 
an aqueous solution, a pH value of the aqueous solution is 
5.5 (referred to as “the addition amount corresponding a 
value of 5.5 in terms of pH). In other words, assuming that 
the addition amount of the acidic binder 15 is dissolved in 
the same amount of water as that of the solvent 16 included 
in the positive electrode mixture paste 10 to obtain an 
aqueous solution, the addition amount of the acidic binder 
15 in Example 1 corresponds to the amount in which the pH 
value of the aqueous solution is 5.5. 
0047. In Example 1, HOMOGENIZING DISPER (manu 
factured by Primix Corporation) is used as the high-speed 
disperser 20. During the kneading, the rotating speed of the 
high-speed disperser 20 is adjusted to a range of 2000 to 
4000 rpm, and the viscosity of the positive electrode mixture 
paste 10 is adjusted to 2500 cp or higher. 
0048 Next, in Step S2, the positive electrode 155 is 
prepared. Specifically, the positive electrode mixture paste 
10 prepared as described above is applied to a surface (both 
surfaces) of the positive electrode current collector member 
151 (aluminum foil), is dried, and is pressed. As a result, the 
positive electrode 155 in which the positive electrode mix 
ture layer 152 is formed on the surface (both surfaces) of the 
positive electrode current collector member 151 is obtained. 
The positive electrode mixture layer 152 is obtained by 
drying and pressing the positive electrode mixture paste 10. 
0049. Next, in Step S3, the nonaqueous electrolyte sec 
ondary battery 100 is constructed. Specifically, first, the 
positive electrode 155 which is prepared as described above, 
the negative electrode 156 which is prepared separately, and 
the separator 157 are wound such that the separator 157 is 
interposed between the positive electrode 155 and the nega 
tive electrode 156. As a result, the electrode body 150 is 
prepared. Specifically, the positive electrode 155, the nega 
tive electrode 156, and the separator 157 are wound in a flat 
shape Such that the positive electrode mixture layer non 
forming portion 155b of the positive electrode 155 and the 
negative electrode mixture layer non-forming portion 156b 
of the negative electrode 156 are positioned opposite to each 
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other in the width direction (in FIGS. 2 to 4, the left-right 
direction). As a result, the electrode body 150 is formed. 
0050. Next, the positive electrode terminal 120 is joined 
(welded) to the positive electrode mixture layer non-forming 
portion 155b of the electrode body 150. Further, the negative 
electrode terminal 130 is joined (welded) to the negative 
electrode mixture layer non-forming portion 156b of the 
electrode body 150. Next, as shown in FIG. 2, the electrode 
body 150 to which the positive electrode terminal 120 and 
the negative electrode terminal 130 are welded is disposed 
in the accommodation portion 119 of the laminate film 101. 
Next, the laminate film 101 is folded at the folding position 
110g, and the electrode body 150 is accommodated therein. 
0051. Next, the welding sealing portion 115 is heated 
while being pressed in the thickness direction such that the 
inside resin film 111 is thermally welded, thereby forming 
the battery case 110. Next, the nonaqueous electrolytic 
solution 140 is injected into the battery case 110 through a 
liquid injection hole (not shown) provided in the battery case 
110, and the liquid injection hole is sealed. As a result, the 
construction of the nonaqueous electrolyte secondary bat 
tery 100 is completed. 
0.052 Next, in Step S4, the nonaqueous electrolyte sec 
ondary battery 100 constructed as described above is ini 
tially charged. Specifically, the nonaqueous electrolyte sec 
ondary battery 100 is charged at a constant current value of 
5 C until the SOC thereof reaches 100% (until the battery 
voltage value reaches 4.75 V). Due to this initial charging, 
the redox potential (action potential) of the positive elec 
trode active material 11 is 4.35 V (vs. Li/Li') or higher. 1 C 
refers to a constant current value at which a battery having 
a nominal capacity (rated capacity) is completely discharged 
after 1 hour. 5 C refers to a current value which is five times 
1 C. Next, by performing a predetermined treatment, the 
nonaqueous electrolyte secondary battery 100 is completed. 
0053. In Example 1, as described above, at least one 
binder including the acidic binder 15 (specifically, poly 
acrylic acid) are used in Step S1 (positive electrode mixture 
paste preparation step). In other words, a portion of the at 
least one binder used in the positive electrode mixture paste 
preparation step is the acidic binder 15 (specifically, poly 
acrylic acid). 
0054. In this way, by adding the acidic binder 15 in the 
positive electrode mixture paste preparation step, the acidic 
binder 15 can make at least a portion of the lithium phos 
phate 13 dissolve in a liquid of the positive electrode mixture 
paste 10. By adjusting at least a portion of the lithium 
phosphate 13 to dissolve in the liquid, the dispersibility of 
the lithium phosphate 13 in the positive electrode mixture 
paste 10 can be improved. That is, as compared to a positive 
electrode mixture paste (for example, the positive electrode 
mixture paste disclosed in JP 2014-103098 A) which is 
prepared using only a neutral binder without adding the 
acidic binder 15, the dispersibility of the lithium phosphate 
13 in the positive electrode mixture paste 10 can be 
improved, and the lithium phosphate 13 can be dispersed 
(can be uniformly dispersed with reduced unevenness) over 
the entire region of the positive electrode mixture paste 10. 
0055 As a result, the degree to which the lithium phos 
phate 13 is dispersed in the positive electrode mixture layer 
152, which is formed by drying the positive electrode 
mixture paste 10, can be improved. That is, as compared to 
a positive electrode mixture layer (for example, the positive 
electrode mixture layer disclosed in JP 2014-103098 A) 
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which is prepared using only a neutral binder without adding 
the acidic binder 15, the dispersibility of the lithium phos 
phate 13 in the positive electrode mixture layer 152 can be 
improved, and the lithium phosphate 13 can be dispersed 
(can be uniformly dispersed with reduced unevenness) over 
the entire region of the positive electrode mixture layer 152. 
0056. As a result, in the step (Step S5) of initially 
charging the nonaqueous electrolyte secondary battery 100, 
the solvent (ethylene carbonate and the like) in the nonaque 
ous electrolytic solution 140 is oxidized and decomposed on 
a surface of the positive electrode active material 11, and in 
a case where hydrogen ions produced by the oxidative 
decomposition react with fluorine ions in the nonaqueous 
electrolytic solution 140 to produce hydrofluoric acid (HF), 
the probability that the produced hydrofluoric acid and the 
lithium phosphate 13 react with each other can be improved, 
and the amount of the produced hydrofluoric acid can be 
effectively reduced. As a result, the elution of a transition 
metal (Mn) from the positive electrode active material 11 
caused by the action of hydrofluoric acid can be reduced. 
0057 By causing the hydrofluoric acid and the lithium 
phosphate 13 to react with each other on the surface of the 
positive electrode active material 11, a protective film is 
formed (it is presumed that a film in which a fluorine 
containing compound and a phosphorus-containing com 
pound are mixed is formed) on the surface of the positive 
electrode active material 11. In Example 1, the degree to 
which the lithium phosphate 13 is dispersed in the positive 
electrode mixture layer 152 can be improved. Therefore, the 
protective film can be easily formed on each surface of the 
positive electrode active material 11 in the positive electrode 
mixture layer 152. Due to the formation of the protective 
film, the oxidative decomposition of the solvent of the 
nonaqueous electrolytic solution 140 on the surface of the 
positive electrode active material 11 can be prevented even 
in a case where the potential of the positive electrode active 
material 11 increases (for example, 4.35 V or higher) due to 
the charging of the nonaqueous electrolyte secondary battery 
100. As a result, the elution of a transition metal (Mn) from 
the positive electrode active material 11 can be reduced. 

Examples 2 and 3 

0058 Next, Examples 2 and 3 will be described. In 
Examples 2 and 3, the nonaqueous electrolyte secondary 
battery 100 is manufactured under the same conditions as in 
Example 1, except that the mixing ratio (weight ratio) of the 
raw materials (Solid content) used during the preparation of 
the positive electrode mixture paste 10 in Step S1 (positive 
electrode mixture paste preparation step) is changed. 
0059 More specifically, in Examples 2 and 3, as in the 
case of Example 1, in Step S1 (positive electrode mixture 
paste preparation step), the positive electrode mixture paste 
10 is obtained by kneading the positive electrode active 
material 11 (LiNios MnO), the conductive material 12 
(acetylene black), the lithium phosphate 13, the neutral 
binder 14 (PVDF), the acidic binder 15 (polyacrylic acid), 
and the solvent 16 (NMP) with each other using the high 
speed disperser 20. 
0060. In Example 2, the mixing ratio (weight ratio) of the 
positive electrode active material 11, the conductive material 
12, the lithium phosphate 13, the neutral binder 14, and the 
acidic binder 15 is 87:8:3:1.7:0.3, and the addition amount 
(content) of the acidic binder 15 is more than that of 
Example 1. The addition amount (0.3 wt %) of the acidic 
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binder 15 in Example 2 corresponds to the amount in which, 
when (assuming that) the addition amount of the acidic 
binder 15 is dissolved in the same amount of water as that 
of the solvent 16 included in the positive electrode mixture 
paste 10 (the solvent 16 added in Step S1) to obtain an 
aqueous Solution, a pH value of the aqueous Solution is 3.0 
(referred to as “the addition amount corresponding a value 
of 3.0 in terms of pH). 
0061. In Example 3, the mixing ratio (weight ratio) of the 
positive electrode active material 11, the conductive material 
12, the lithium phosphate 13, the neutral binder 14, and the 
acidic binder 15 is 87:8:3:1.0:1.0, and the addition amount 
(content) of the acidic binder 15 is more than those of 
Examples 1 and 2. The addition amount (1.0 wt %) of the 
acidic binder 15 in Example 3 corresponds to the amount in 
which, when (assuming that) the addition amount of the 
acidic binder 15 is dissolved in the same amount of water as 
that of the solvent 16 included in the positive electrode 
mixture paste 10 (the solvent 16 added in Step S1) to obtain 
an aqueous solution, a pH value of the aqueous solution is 
1.7 (referred to as “the addition amount corresponding a 
value of 1.7 in terms of pH). 
0062. In Examples 2 and 3, by adding the acidic binder 
15 in the positive electrode mixture paste preparation step 
(Step S1), the dispersibility of the lithium phosphate 13 in 
the positive electrode mixture paste 10 can be improved. As 
a result, the degree to which the lithium phosphate 13 is 
dispersed in the positive electrode mixture layer 152, which 
is formed by drying the positive electrode mixture paste 10, 
can be improved. This effect can be clearly verified from the 
results of an evaluation test described below. 

Comparative Example 1 

0063. In Comparative Example 1, unlike Example 1, in 
the positive electrode mixture paste preparation step, a 
positive electrode mixture paste is prepared by using only 
the neutral binder 14 (PVDF) without adding the acidic 
binder 15 (polyacrylic acid). Specifically, the positive elec 
trode mixture paste is obtained by kneading the positive 
electrode active material 11 (LiNios MnO), the conduc 
tive material 12 (acetylene black), the lithium phosphate 13, 
the neutral binder 14 (PVDF), and the solvent 16 (NMP) 
with each other using the high-speed disperser 20. In Com 
parative Example 1, the mixing ratio (weight ratio) of the 
positive electrode active material 11, the conductive material 
12, the lithium phosphate 13, the neutral binder 14, and the 
acidic binder 15 is 87:8:3:2:0. A nonaqueous electrolyte 
secondary battery according to Comparative Example 1 is 
prepared under the same conditions as those of Example 1 
except for the above-described configuration. 

Comparative Example 2 

0064. In Comparative Example 2, unlike Example 1, in 
the positive electrode mixture paste preparation step (Step 
S1), a positive electrode mixture paste is prepared by using 
only the acidic binder 15 (polyacrylic acid) without adding 
the neutral binder 14 (PVDF). Specifically, the positive 
electrode mixture paste 10 is obtained by kneading the 
positive electrode active material 11 (LiNios MnO), the 
conductive material 12 (acetylene black), the lithium phos 
phate 13, the acidic binder 15 (polyacrylic acid), and the 
solvent 16 (NMP) with each other using the high-speed 
disperser 20. 
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0065. In Comparative Example 2, the mixing ratio 
(weight ratio) of the positive electrode active material 11, the 
conductive material 12, the lithium phosphate 13, the neutral 
binder 14, and the acidic binder 15 is 87:8:3:0:2.0. The 
addition amount (2.0 wt %) of the acidic binder 15 in 
Comparative Example 2 corresponds to the amount in 
which, when (assuming that) the addition amount of the 
acidic binder 15 is dissolved in the same amount of water as 
that of the solvent 16 included in the positive electrode 
mixture paste 10 (the solvent 16 added in Step S1) to obtain 
an aqueous solution, a pH value of the aqueous solution is 
1.2 (referred to as “the addition amount corresponding a 
value of 1.2 in terms of pH). 

Comparative Example 3 
0066. In Comparative Example 3, the nonaqueous elec 
trolyte secondary battery 100 is manufactured under the 

Example 1 
Example 2 
Example 3 
Comparative 
Example 1 
Comparative 
Example 2 
Comparative 
Example 3 

same conditions as in Example 1, except that the mixing 
ratio (weight ratio) of the raw materials (Solid content) used 
during the preparation of the positive electrode mixture 
paste 10 in Step S1 (positive electrode mixture paste prepa 
ration step) is changed. Specifically, in Comparative 
Example 3, the mixing ratio (weight ratio) of the positive 
electrode active material 11, the conductive material 12, the 
lithium phosphate 13, the neutral binder 14, and the acidic 
binder 15 is 87:7:3:1.0:2.0, and the addition amount (con 
tent) of the acidic binder 15 is more than those of Examples 
1 to 3. The addition amount (2.0 wt %) of the acidic binder 
15 in Comparative Example 3 corresponds to the amount in 
which, when (assuming that) the addition amount of the 
acidic binder 15 is dissolved in the same amount of water as 
that of the solvent 16 included in the positive electrode 
mixture paste 10 (the solvent 16 added in Step S1) to obtain 
an aqueous solution, a pH value of the aqueous solution is 
1.2 (referred to as “the addition amount corresponding a 
value of 1.2 in terms of pH). 
0067 (Evaluation Test) 
0068. Next, the internal resistance of each of the non 
aqueous electrolyte secondary batteries according to 
Examples 1 to 3 and Comparative Examples 1 to 3 was 
measured. In this test, an IV resistance value was measured 
as the internal resistance of the battery. Specifically, the SOC 
of each of the nonaqueous electrolyte secondary batteries 
was adjusted to 60%, and then the battery was discharged at 
a constant current value of 1 C for 10 seconds in a tem 
perature environment of 25° C. After completion of dis 
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charging, the battery voltage value was measured. Further, 
the battery was discharged for 10 seconds under the same 
conditions as described above, except that only the discharge 
current value was changed to 3 C, 5 C, or 10 C. After 
completion of 10 seconds of discharging at the discharge 
current value, the battery Voltage value was measured. 
0069. Next, data of each of the nonaqueous electrolyte 
secondary batteries obtained in the above-described dis 
charging were plotted on a coordinate plane in which the 
horizontal axis represents the discharge current value and 
the vertical axis represents the battery voltage value at the 
completion of the discharging. Based on the plotted data of 
each of the nonaqueous electrolyte secondary batteries, an 
approximation straight line (linear) was calculated using a 
least-square method. The slope of the approximation straight 
line was obtained as an IV resistance value of each of the 
nonaqueous electrolyte secondary batteries. The results are 
shown in Table 1. 

TABLE 1. 

Mixing Ratio (wt % 

Positive IV 
Electrode Value in Resistance 
Active Conductive Neutral Acidic Terms of Value 
Material Material LPO Binder Binder pH (m2) 

87 8 3 1.9 O.1 5.5 500 
87 8 3 1.7 O.3 3.0 503 
87 8 3 1.O 1.O 1.7 523 
87 8 3 2.0 O 7.0 570 

87 8 3 O 2.O 1.2 600 

87 7 3 1.O 2.O 1.2 551 

0070. As shown in Table 1, the IV resistance value of the 
nonaqueous electrolyte secondary battery according to 
Comparative Example 1 was 570 m2. On the other hand, the 
IV resistance values of the nonaqueous electrolyte second 
ary batteries according to Examples 1 to 3 were 500 m2 to 
523 mS2 which were lower than the IV resistance value of 
Comparative Example 1 by 47 m2 or higher. The reason for 
the above result is presumed to be as follows. 
0071. In Comparative Example 1, in the positive elec 
trode mixture paste preparation step, a positive electrode 
mixture paste is prepared by using only the neutral binder 14 
(PVDF) without adding the acidic binder 15 (polyacrylic 
acid). Therefore, it is presumed that the dispersibility of the 
lithium phosphate 13 in the positive electrode mixture paste 
10 cannot be improved, and thus the degree to which the 
lithium phosphate 13 is dispersed in the positive electrode 
mixture layer cannot be improved. In a case where the 
kneading (stirring) energy for the positive electrode mixture 
paste is increased in order to improve the dispersibility of the 
lithium phosphate 13, the positive electrode active material 
may crack. Therefore, the method of increasing the kneading 
(stirring) energy to improve the dispersibility of the lithium 
phosphate 13 cannot be adopted. 
0072. It is presumed that, since the degree to which the 
lithium phosphate 13 is dispersed in the positive electrode 
mixture layer is poor (the lithium phosphate 13 is not 
uniformly dispersed in the positive electrode mixture layer 
to Some extent), the internal resistance (IV resistance value) 
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of the nonaqueous electrolyte secondary battery is increased. 
Specifically, the following is presumed. 
0073. In a case where the potential of the positive elec 
trode active material 11 is high (for example, 4.35 V or 
higher) during initial charging, the hydrofluoric acid (HF) 
and the lithium phosphate 13 react with each other on the 
surface of the positive electrode active material 11, and thus 
a protective film is formed (it is presumed that a film in 
which a fluorine-containing compound and a phosphorus 
containing compound are mixed is formed) on the Surface of 
the positive electrode active material 11. Hydrofluoric acid 
is produced by hydrogen ions, which are produced by the 
oxidative decomposition of the solvent of the nonaqueous 
electrolytic solution on the surface of the positive electrode 
active material 11, reacting with fluorine ions in the non 
aqueous electrolytic solution. By forming the protective 
film, the oxidative decomposition of the solvent of the 
nonaqueous electrolytic solution 140 on the surface of the 
positive electrode active material 11 is prevented, and the 
production of hydrofluoric acid can be prevented. 
0074. However, in Comparative Example 1, the disper 
sion degree of the lithium phosphate 13 is poor. Therefore, 
it is presumed that, during initial charging, a long period of 
time is required to form the protective film on the surface of 
the positive electrode active material 11, and thus a large 
amount of hydrofluoric acid is produced. It is presumed that, 
by the large amount of hydrofluoric acid reacting with the 
lithium phosphate 13, the thickness of the protective film 
formed on the surface of the positive electrode active 
material 11 is increased, and thus the internal resistance (IV 
resistance) of the nonaqueous electrolyte secondary battery 
is increased. The reason for this is that, in a case where the 
thickness of the protective film increases, the Li ion con 
ductivity of the protective film decreases, and the internal 
resistance of the battery increases. 
0075. On the other hand, in Examples 1 to 3, the at least 
one binder including the acidic binder 15 (specifically, 
polyacrylic acid) is used in the positive electrode mixture 
paste preparation step (Step S1). In other words, a portion of 
the at least one binder used in the positive electrode mixture 
paste preparation step is the acidic binder 15 (specifically, 
polyacrylic acid). 
0076. As a result, the acidic binder 15 can make at least 
a portion of the lithium phosphate 13 dissolve in a liquid of 
the positive electrode mixture paste 10. Therefore, the 
dispersibility of the lithium phosphate 13 in the positive 
electrode mixture paste 10 can be improved. As a result, the 
degree to which the lithium phosphate 13 is dispersed in the 
positive electrode mixture layer 152, which is formed by 
drying the positive electrode mixture paste 10, can be 
improved. 
0077. Therefore, in a case where hydrofluoric acid (HF) 
is produced on the surface of the positive electrode active 
material 11 due to the initial charging of the nonaqueous 
electrolyte secondary battery 100, the probability that the 
hydrofluoric acid and the lithium phosphate 13, which is 
dispersed in the surface of the positive electrode active 
material 11 (or near the surface thereof), react with each 
other increases (the hydrofluoric acid and the lithium phos 
phate rapidly react with each other). As a result, a protective 
film is rapidly formed (it is presumed that a film in which a 
fluorine-containing compound and a phosphorus-containing 
compound are mixed is formed) on the Surface of the 
positive electrode active material 11. Therefore, as com 
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pared to Comparative Example 1, the amount of hydroflu 
oric acid produced can be reduced, and thus the thickness of 
the protective film can be reduced. As a result, it is presumed 
that the internal resistance (IV resistance) of each of the 
nonaqueous electrolyte secondary batteries 100 according to 
Examples 1 to 3 can be reduced. 
0078 However, in Comparative Example 2, although the 
at least one binder including the acidic binder 15 (specifi 
cally, polyacrylic acid) are used, the IV resistance value is 
600 m2 which is higher than the internal resistance (IV 
resistance value) of Comparative Example 1 in which the 
binder other than the acidic binder 15 (specifically, only the 
neutral binder 14) is used. The reason for this is presumed 
to be as follows. 

(0079. By adding the acidic binder 15 in the positive 
electrode mixture paste preparation step, the dispersibility of 
the lithium phosphate 13 in the positive electrode mixture 
paste 10 can be improved. However, as the addition amount 
of the acidic binder 15 increases (that is, as the value in 
terms of pH decreases), a transition metal (specifically Mn) 
is likely to be eluted from the positive electrode active 
material 11 due to the action of the acidic binder 15. 
Therefore, it is presumed that, in a case where the addition 
amount of the acidic binder 15 is excessively large (that is, 
as the value in terms of pH is excessively small), a transition 
metal (specifically, Mn) is eluted from the positive electrode 
active material 11, and thus the internal resistance (IV 
resistance value) of the battery increases. However, in a case 
where the addition amount of the acidic binder 15 is exces 
sively small (that is, as the value in terms of pH is exces 
sively large), the dispersibility of lithium phosphate in the 
positive electrode mixture paste cannot be appropriately 
improved, and the internal resistance (IV resistance value) of 
the battery may not be reduced. 
0080 According to the investigation on the results of 
Table 1, in Examples 1 to 3 in which the value in terms of 
pH is in a range of 1.7 to 5.5, the IV resistance value is 523 
m2, or lower, and the internal resistance (IV resistance 
value) of the battery can be sufficiently reduced as compared 
to Comparative Example 1. On the other hand, in Compara 
tive Example 2 in which the value in terms of pH is 1.2, the 
IV resistance value is 600 m2, and the internal resistance 
(IV resistance value) of the battery is higher than that of 
Comparative Example 1. 

I0081. It can be said from the above results that, by 
adjusting the value in terms of pH to be in a range of 1.7 to 
5.5, the degree to which lithium phosphate is dispersed in the 
positive electrode mixture layer can be improved, the elution 
of a transition metal from the positive electrode active 
material can be reduced, and thus the internal resistance (IV 
resistance) of the nonaqueous electrolyte secondary battery 
can be reduced. In other words, by adjusting, when (assum 
ing that) the addition amount of the acidic binder 15 is 
dissolved in the same amount of water as that of the solvent 
16 included in the positive electrode mixture paste 10 in the 
positive electrode mixture paste preparation step (the solvent 
16 added in positive electrode mixture paste preparation 
step) to obtain an aqueous Solution, a pH value of the 
aqueous Solution to be in a range of 1.7 to 5.5, the dispers 
ibility of the lithium phosphate 13 in the positive electrode 
mixture paste 10 can be improved, the elution of a transition 
metal from the positive electrode active material can be 
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reduced, and thus the internal resistance (IV resistance) of 
the nonaqueous electrolyte secondary battery can be 
reduced. 
0082 In particular, in Examples 1 and 2, the IV resistance 
value is about 500 m2, and the internal resistance (IV 
resistance value) of the battery can be extremely reduced. It 
can be said from the result that, by adjusting the value in 
terms of pH to be in a range of 3.0 to 5.5, the internal 
resistance (IV resistance) of the nonaqueous electrolyte 
secondary battery can be extremely reduced. In other words, 
by adjusting, when (assuming that) the addition amount of 
the acidic binder is dissolved in the same amount of water 
as that of the solvent 16 included in the positive electrode 
mixture paste 10 in the positive electrode mixture paste 
preparation step (the solvent 16 added in Step S1) to obtain 
an aqueous solution, a pH value of the aqueous solution to 
be in a range of 3.0 to 5.5, the internal resistance (IV 
resistance) of the nonaqueous electrolyte secondary battery 
can be extremely reduced. 
0083) Next, the results of Comparative Examples 2 and 3 
are compared to each other. In Comparative Example 2, only 
the acidic binder 15 is used. On the other hand, in Com 
parative Example 3, both of the neutral binder 14 and the 
acidic binder 15 are used. In addition, in Comparative 
Example 2, the proportion of the binder in the positive 
electrode mixture paste (solid content) is 2.0 wt %. In 
Comparative Example 3, the proportion of the binders (the 
total proportion of the neutral binder 14 and the acidic binder 
15) in the positive electrode mixture paste (solid content) is 
3.0 wt %, which is higher than that of Comparative Example 
2. Comparative Examples 2 and 3 are the same as each other 
except for the above-described point. Accordingly, in Com 
parative Examples 2 and 3, the addition amounts of the 
acidic binder 15 are the same, and the values in terms of pH 
are the same. 
0084. In general, as the addition amount of a binder 
increases, the internal resistance (IV resistance value) of the 
battery increases. In Comparative Examples 2 and 3, since 
the addition amounts of the acidic binder 15 are the same 
(that is, the values in terms of pH are the same), it is 
presumed that the degrees to which lithium phosphate is 
dispersed in the positive electrode mixture layer are also the 
same. Accordingly, in a case where Comparative Examples 
2 and 3 are compared to each other, it is presumed that the 
IV resistance value of Comparative Example 2 in which the 
addition amount of the binder is small is lower than that of 
Comparative Example 3 in which the addition amount of the 
binder is large. 
0085. However, in Comparative Example 2 in which the 
addition amount of the binder is small, the IV resistance 
value is 600 m2. On the other hand, in Comparative 
Example 3 in which the addition amount of the binder is 
large, the IV resistance value is 551 mS2, which is lower than 
that of Comparative Example 2 by 50 m2. The reason for 
this is presumed to be as follows. 
I0086. In Comparative Example 2, only the acidic binder 
15 is used in the positive electrode mixture paste preparation 
step. On the other hand, in Comparative Example 3, both of 
the neutral binder 14 and the acidic binder 15 are used in the 
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positive electrode mixture paste preparation step. Specifi 
cally, in Comparative Example 3 in which the neutral binder 
14 and the acidic binder 15 are used in the positive electrode 
mixture paste preparation step, the dispersibility of the 
positive electrode active material 11 in the positive electrode 
mixture paste 10 can be improved, and thus the internal 
resistance (IV resistance) of the nonaqueous electrolyte 
secondary battery can be reduced as compared to Compara 
tive Example 2 in which only the acidic binder is used in the 
positive electrode mixture paste preparation step. That is, the 
neutral binder 14 has a function of improving the dispers 
ibility of the positive electrode active material 11 in the 
positive electrode mixture paste 10. 
I0087. It can be said that, by using (adding) both of the 
acidic binder and the neutral binder in the positive electrode 
mixture paste preparation step, the dispersibility of the 
positive electrode active material in the positive electrode 
mixture paste can be improved, and the internal resistance 
(IV resistance) of the nonaqueous electrolyte secondary 
battery can be reduced as compared to a case where only the 
acidic binder is used in the positive electrode mixture paste 
preparation step. 
0088. Hereinabove, the disclosure has been described 
using Examples 1 to 3. However, the disclosure is not 
limited to Examples 1 to 3 described above, and appropriate 
modifications can be made within a range not departing from 
the scope of the disclosure. 
What is claimed is: 
1. A method of manufacturing a nonaqueous electrolyte 

secondary battery, the method comprising: 
preparing a positive electrode mixture paste by kneading 

a positive electrode active material, a conductive mate 
rial, a solvent, at least one binder, and lithium phos 
phate, the at least one binder including an acidic binder 
in an amount set Such that a pH value of an aqueous 
Solution obtained by dissolving the set amount of acidic 
binder in the same amount of water as that of the 
solvent is within a range of 1.7 to 5.5; 

preparing a positive electrode including a positive elec 
trode mixture layer formed on a surface of a current 
collector member by applying the positive electrode 
mixture paste to the surface of the current collector 
member and drying the positive electrode mixture 
paste; 

constructing the nonaqueous electrolyte secondary battery 
by accommodating the positive electrode, a negative 
electrode, and a nonaqueous electrolytic solution con 
taining a fluorine-containing compound in a battery 
case; and 

charging the nonaqueous electrolyte secondary battery. 
2. The method according to claim 1, wherein 
when preparing the positive electrode mixture paste, the 

at least one binder includes a neutral binder. 
3. The method according to claim 1, wherein 
the acidic binder is polyacrylic acid. 
4. The method according to claim 1, wherein 
the positive electrode active material is a lithium nickel 

manganese oxide having a spinel structure. 
k k k k k 


