1 ANODE ACTIVE MATERIAL, ANODE, BATTERY, AND METHOD OF
MANUFACTURING ANODE CROSS REFERENCES TO RELATED
APPLICATIONS The present invention contains subject matter related to
Japanese Patent Application JP 2008-003541 filed in the Japanese
Patent Office on January 10, 2008, the entire contents of which being
incorporated herein by reference. BACKGROUND OF THE INVENTION
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material containing a spherocrystal graphitized substance of mesophase

spherule, an anode inclyding the canagdgaciivepaterial, a battery, and a

method of manufacturing an anode. 2. Description of the Related Art In
recent years, portable devices such as combination cameras, mobile
phones, and notebook personal computers have been widely used.
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light-weight secondary batter with a high capacity has been increasingly
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secondary battery using a carbon material as an anode active material
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carbon. material used as an anode active material, a graphite particle

the Withrbigh ehiystallinicisiriapldespekaldihisdhesausrtha.-graphite particle
has high electron conductivity and superior discharge performance at a
high current, and its 2 potential change associated with discharge is
small, and thus the graphite particle is
BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to an anode active material containing a

spherocrystal graphitized substance of mesophase spherule, an anode including the

anode active material, a battery, and a method of manufacturing an anode.

2. Description of the Related Art

In recent years, portable devices such as combination cameras, mobile phones,
and notebocok personal computers have been widely used. Accordingly, as a power
source for the portable devices, a small and light-weight secondary batter with a high
capacity has been increasingly demanded. As a secondary battery to meet such a
demand, a lithium ion secondary battery using a carbon material as an anode active
material and using insertion and extraction reaction of lithium is included.

As the carbon material used as an anode active material, a graphite particle
with high crystallinity is mainly used. This is because the graphite particle has high

electron conductivity and superior discharge performance at a high current, and its



suitably used for the purposes such as constant power discharge. In
addition, its real density is high, and thus a high bulk density is easily
obtained.. Therefore, the graphite particle is advantageous to realize a
high capacity. Further, in a material containing silicon, tin or the like that
has a higher capacity, intense swollehness and shrinkage occur
associated with charge and discharge. Meanwhile, the carbon material
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address the high energy density of the lithium ion secondary battery in
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However, for a natural graphite particle, a reversible capacity extremely
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obtained. Therefore, it has been considered to realize capacity
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with the graphite particle at high density by, for example, adjusting the
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graphitization degree, and thus the reversible capacity is inferior to that of
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to improve the reversible capacity, various considerations such as
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conditions, and adding a catalyst matter promoting graphitization have

been ThaddrdsEhlemilgNeseeodastpatiaras st éhcRtANMAeHAHe these
disclosed in, for example, Japanese Unexamined Patent Application
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62-122066, 2-66856, 2004-95529, and 2005-44775. In general, an anode
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formed as follows. After a current collector such as a copper foil is coated
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capacity improvement as a battery by filling in a limited volume inside the battery with
the graphite particle at high density by, for example, adjusting the particle shape. In
general, an artificial graphite particle has an insufficient graphitization degree, and thus
the reversible capacity is inferior to that of the natural graphite particle. Therefore, for
the artificial graphite particle, to improve the reversible capacity, various considerations
such as improving purity of a raw material, setting appropriate graphitization conditions,
and adding a catalyst matter promoting graphitization have been made. Lithium ion
secondary batieries using a carbon malerial are disclosed in, for exampie, Japanese
Unexamined Patent Application Publication Nos, 57-208079, 58-93176, 58-192266,
62-90865, 62-122066, 2-66856, 2004-95529, and 2005-44775.

In general, an anode mcluding an anode active material layer containing a

carbon material is formed as follows.  After a current collector such as a copper foil is

coated with paste slurry in which a graphite particle, a binder, a thickening agent and the



like are dissolved in water or an organic solvent and dried, compression
molding, cutting and the like are performed. The compression molding is
an operation necessary to obtain a predetermined thickness and density
in the anode active material layer. To realize higher energy density of a
battery, it is desirable to further increase the volume density of the anode
active material layer. However, if the volume density of the anode active
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molding, the anode active material particle composing the anode active
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crushing and the dropping of the anode active material particle
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having a higher compression break strength (that is, higher hardness) has
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Publication No. 7-272725. SUMMARY OF THE INVENTION In the case
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as in Japanese Unexamined Patent Application Publication No. 7-272725,
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is able to be prevented in compression molding, load given to the anode
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formed is increased. Thus, a crack, a rupture and the like of the anode

cruShidesntgolpetor may be generated particularly in the vicinity of an end of
the anode active material layer. Accordingly, it is difficult to increase the

PressipEesiitee aAscthidsklbibid veluneldensity aidkieoppogecactivanode active
material layer may not be improved. Meanwhile, in the case where a
magfiephitetRasticle badagvaismalspaticlecdby using a mesophase graphite spherule

having a higher compression breal strength (that is, higher hardness) has been proposed

in for example, Japanese Unexamined Patent Application Publication No. 7-272725.

SUMMARY OF THE INVENTION

In the case where the mesophase graphite spherule having a high hardness is
used as in Japanese Unexamined Patent Application Publication No. 7-272725, while
the crushing and the dropping of the anode active material particle is able to be
prevented in compression molding, load given to the anode current collector as a base
on which the anode active material layer is formed is increased. Thus, a crack, a
rupture and the like of the anode current collector may be generated particularly in the
vieinity of an end of the anode active material layer. Accordingly, it is difficult to
increase the press pressure. As a result, the volume density of the anode active
material layer may not be improved.

Meanwhile, in the case where a graphite particle having a small particle



hardness such as natural graphite, scale-like graphite, and graphite
obtained by crushing the scale-like graphite and granulating particles of
the scale-like graphite is used as an anode active material, filling at a high
density is enabled, and it is advantageous to realizing a higher energy
density of the battery. However, wheh filling such a particle having a
small particle hardness at a high density, there is concern as follows. That
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the surface, is decreased in compression molding, an electrolytic solution
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obtained by crushing the scale-like graphite and granulating particles of
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mesophase graphite sphérule. Thus, there is a possibility that lowering of
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material layer and lowering of charge and discharge efficiency due to
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foregoing, in the invention, it is desirable to provide a battery that has a
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the invention, it is desirable to provide an anode active material suitable

or iRk uEh-batsny clanangsle havingdthe pnadeagibe materaloathad charge
method of manufacturing the anode. According to an embodiment of the
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spherocrystal graphitized substance of mesophase spherule provided
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hole existing in the spherocrystal graphitized substance that is blocked
scafeonkéhergpiiae sk{ace, lanairpelerhavingonaRathicannesting Bthesophase

outer surface (that is, a dent section), and a
graphite spherule. Thus, there is a possibility that lowering of a peel strength between
the anode current collector and the anode active material layer and lowering of charge
and discharge efficiency due to decomposition of the electrolytic solution may be
caused.

In view of the foregoing, in the invention, it is desirable to provide a battery
that has a higher capacity and superior charge and discharge efficiency. Further, in the
invention, it 1s destrable to provide an anode active material suitable for such a battery,
an anode having the anode active material, and a method of manufacturing the anode.

According to an embodiment of the invention, there is provided an anode
active material containing a spherocrystal graphitized substance of mesophase spherule
provided with a fine pore. The fine pore is herein a concept including all of an air hole

existing in the spherocrystal graphitized substance that is blocked from the outer surface,

an air hole having one path connecting to the outer surface (that is, a dent section), and a



5 through hole penetrating from an outer surface of one region to an outer
surface of the other region (air hole having two or more paths connecting
to the outer surface). According to an embodiment of the invention, there
is provided an anode having an anode active material layer provided on
an anode current collector. The anoée active material layer contains the
foregoing anode active material of the embodiment of the invention.
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Ing ode, the foregoing ano ment of the
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the battery of the embodiments of ntion, the spherocrystal
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is contained. Therefore, when press-molded, the fine pore is crushed an
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ector is not damaged, and a space into which an electrolytic solution is
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substance of mesophase spherul.e has a smaller specific surface area

emRntbat afpatuialgkaphite, scale-like graphite, and graphite obtained by
crushing and increasing the number of particles of the natural graphite or
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substance of mesophase spherule is advantageous to improve peel
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embodiment of the invention, there is provided a method of
elefi@mfacturing an anode including the steps of: preparing an anode
current collector, and then forming an anode active material layer

contajnifg ansRlelasrysiakaiaphitizeshde, and the battery of the embodiments of
the invention, the spherocrystal graphitized substance of mesophase gpherule provided
with the fine pore is contained. Therefore, when press-molded, the fine pore is
crushed and thereby having the hardness at the degree with which the anode current
collector 18 not damaged, and a space into which an electrolytic solution is sufficiently
permeated is secured. Further, the spherocrystal graphitized substance of mesophase
spherule has a smaller specific surface area than that of natural graphite, scale-like
graphite, and graphite obtained by crushing and increasing the number of particies of
the natural graphite or the scale-like graphite. Therefore, the spherocrystal graphitized
substance of mesophase spherule is advantageous to improve peel strength and charge
and discharge efficiency.
According to an embodiment of the invention, there is provided a method of
manufacturing an anode including the steps of: preparing an anode current collector, and
then forming an anode active material layer containing a spherocrystal graphitized

substance of mesophase spherule provided with a fine pore on the anode current



substance of mesophase spherule provided with a fine pore on the anode
current 6 collector; and press-molding the anode active material layer so
that a volume density of the anode active material layer is in the range
from 1.50 g/cm3 to 2.26 g/cm3, both inclusive. According to the anode
active material of the embodiment offthe invention, the spherocrystal
graphitized substance of mesophase spherule provided with the fine pore
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According to the ano e nt of the Invéntion, the an
incAGHye material layer including the foregoing anode active material of the
embodiment of the invention is included. Therefore, the volume density of
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and the discharge capacity is able to be improved. Meanwhile, the anode
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the case wheére the anode is used for an electrochemical device such as
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the “electrolyte is sufficiently permeated into the anode active material
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According to the method of manufacturing an anode of the embodiment of

prelREniNENHICNLIDE AROdEactiye material layer having a high volume
density and a high discharge capacity is able to be easily formed without

damagingrtg.anode sHEENbcllesiol. Qiheh adiuHherABied R GS ive

and advantages of the invention will appear
material layer inciuding the foregoing anode active material of the embodiment of the

invention is included. Therefore, the volume density of the anode active material layer
is able to be improved relatively easily, and the discharge capacity is able to be
improved. Meanwhile, the anode active material layer 1s able to secure an appropriate
void. Therefore, in the case where the anode 1s used for an electrochemical device
such as the battery of the embodiment of the invention together with an electrolyte, the
electrolyte 1s sufficiently permeated into the anode active material layer, and superior
charge and discharge characteristics are exercised.

According fo the method of manufacturing an anode of the embodiment of the
invention, the anode active material layer having a high volume density and a high
discharge capacity is able to be easily formed without damaging the anode current
collector.

Other and further objects, features and advantages of the invention will appear

more fully from the following description.



more fully from the following description. 7 BRIEF DESCRIPTION OF
THE DRAWINGS Fig. 1 is a cross sectional view illustrating a structure of
a first battery according to an embodiment of the invention; Fig. 2 is a
cross sectional view illustrating an enlarged part of the spirally wound
electrode body in the first battery illustrated in Fig. 1; Fig. 3 is an exploded
perspective view illustrating a structure of a second battery according to
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illustrating a structure taken along line V-1V of the spirally wound

electrgde hody Jllustateddnobig- JiefioiRIEAFOSS SECUARR! e first battery

illustrating an enlarged part of the spirally wourid electrode body
acdgﬁﬁg%%ﬁgocﬁh{:ei&&“lﬁ@iﬁ@@ﬁﬁ&rﬁ‘:tiona' view illustrating a structure

of a third battery according to the embodiment of the invention; and Fig. 7
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examples of the invention. DETAILED DESCRIPTION é)F HE
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hereinafter described in detail with reference to the drawings. First battery

Fig. 1Pii_!§45§@§e§1ﬁé§{ &P ' SHUCIER %ﬁsﬁ%ﬁ%@dgré‘cﬁﬁ{%\/of a second
according to an embodiment of the invention. The battery is, for example,
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by a capacity based on insertion and

Fig. 4 is a cross sectional view illustrating a structure taken along line IV-1V of
the spirally wound electrode body illustrated in Fig. 3;

Fig. 5 is a cross sectional view illustrating an enlarged part of the spirally
wound electrode body illustrated in Fig. 4;

Fig. 6 is a cross sectional view illustrating a structure of a third battery
according to the embodiment of the invention; and

Fig. 7 is a cross sectional view illustrating a structure of a test cell used n

examples of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

An embodiment of the invention will be hereinafter described in detail with
reference to the drawings.
First battery

Fig. | illustrates a cross sectional structure of a secondary battery according to
an embodiment of the invention. The battery is, for example, a lithium ion secondary
battery in which the anode capacity is expressed by a capacity based on insertion and

extraction of lithium as an electrode reactant.



extraction of lithium as an electrode reactant. 8 The secondary battery is
a so-called cylinder-type battery, and has a spirally wound electrode body
20 in which a strip-shaped cathode 21 and a strip-shaped anode 22 are
spirally wound with a separator 23 in between inside a battery can 11 in
the shape of an approximately hollo® cylinder. The battery can | 1 is
made of, for example, iron (Fe) plated by nickel (Ni). One end of the

batte%}%%%&%ﬁ'%%@l@@ &'L%S&m%%}qirﬁeﬁl%, Hﬁ%r??%lﬂ% a spirally

opened. Inside thé battefy can 11, a pair of insulating platés 12 and 13'is
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so that the spirally wound electrode body 20 is sandwiched between the
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battery cover 14, and a safety valve mechanism 15 and a PTC (Positive
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are attached by being caulked with a gasket 17. Inside of the battery can
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example, a material similar to that of the battery can 11. The safety valve
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PTC device 16 in between. If the internal pressure of the battery becomes
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like, a disk plate 15A flips to cut the electrical connection between the
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temperature rises, the PTC device 16 limits a current by increasing the
12 @gistance value to prevent abnormal heat generation by a large current.
The gasket 17 is made of, for example, an insulating material and its

surfage isseQptedanith AsRhaklEQr @xample haeentesRin 24 imingeredyinalve
the center of the spirally wound
mechanism 15 and a PTC (Positive Temperature Coefficient) deviee 16 provided inside
the battery cover 14 are attached by being caulked with a gasket 17. Inside of the
battery can 11 is thereby hermetically sealed. The battery cover 14 is made of, for
example, a material similar to that of the battery can 11. The safety valve mechanism
15 is electrically connected to the battery cover 14 with the PTC device 16 1n between,
If the internal pressure of the battery becomes a certain level or more by internal short
circuit, external heating or the tike, a disk plate 15A flips to cut the electrical connection
between the battery cover 14 and the spirally wound electrode body 20. When
temperature rises, the PTC device 16 limits a current by increasing the resistance value
to prevent abnormal heat generation by a large current. The gasket 17 is made of, for
example, an insulating material and its surface is coated with asphalt.
For example, a center pin 24 is inserted in the center of the spirally wound

electrode body 20. A cathode lead 25 made of aluminum (Al) or the like is connected

to the cathode 21 of the spirally wound electrode body 20. An anode lead 26 made of



electrode body 20. A cathode lead 25 made of aluminum (Al) or the like is
connected to the cathode 21 of the spirally wound electrode body 20. An
anode lead 26 made of 9 nickel or the like is connected to the anode 22.
The cathode lead 25 is electrically connected to the battery cover 14 by
being welded to the safety valve meéhanism 15. The anode lead 26 is
welded and electrically connected to the battery can 11. Fig. 2 illustrates
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e cathode 21 has, for example, a structure in w a cat e active
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collector 21A. Though not illustrated, the cathode activé material layer
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collector 21A. The cathode current cCollector 21A is made of, for example,
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current collector 21A is, for example, in a state of a foil, a net, or a lath.
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material, one or more cathode materials capable of inserting and
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for example, a lithium oxide, a lithium sulfide, an interlayer compound
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phosphate compound is appropriate. Two or more thereof may be used by
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metal element or a phosphate compound containing lithium and a
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element, a compound containing at least one selected from the group
staBOSsIStiMaOtaabalt {aeInniChrlianoanese(MampieNin a state of a foil, a net,
or a lath.

The cathode active material layer 21B contains as a cathode active material,
one or more cathode materials capable of inserting and extracting lithium as an
electrode reactant.

As such a cathode material, for example, a lithium oxide, a lithium sulfide, an
interlayer compound containing lithium, or a lithium-containing compound such as a
lithium phosphate compound is appropriate. Two or more thereof may be used by
mixture. Specially, a complex oxide containing lithium and a transition metal element
or a phosphate compound containing lithium and a transition metal element is
preferable. In particular, as a transition metal element, a compound containing at least
one selected from the group consisting of cobalt (Co), nickel, manganese (Mn), iron,
aluminum, vanadium (V), and titanium (Ti) is preferable. The chemical formula

thereof is expressed by, for example, Li,MIO; or Li,MIIPO4.  In the formula, MI and

MII represent one or more transition metal elements.  Values of x and v vary according



aluminum, vanadium (V), and titanium (Ti) is preferable. The chemical
formula thereof is expressed by, for example, Li.MIO2 or Li,,MIIPOA4. In
the formula, Ml and MII represent one or more transition metal elements.
Values of x and y vary according 10 to charge and discharge states of the
battery, and are generally in the rané@ of 0.05<x<l.10 and 0.05<y<I.10.
The specific examples of the complex oxide containing lithium and a
to %%H'%d%&_%hﬁ@@%&‘té@cﬂfd%@ ﬁé@é&?}'%‘&agr@%@&ﬂx'@? the range of
(Li,,C002), a lithium-nickel complex oxide (LixNi02), a
0.05thiemtnigkelecobalt-gamplex oxide (LiKNii(i_z)Coz02 (z<I)), a
lithium-nickel-cobalt-manganese complex oxide (LixNi(,,-,)CovMnw,O2
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(LiMn204) and the like. The specific example of the phosphate
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example, lithium-iron phosphate compound (LiFePO4), a
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the like. The cathode material capable of inserting and extracting lithium
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Examples of other metal compound include an oxide such as titanium

lithouielen arpRacit Romds, alldenanganesensdioxidenantha disvifide Sueld ds like.
titanium disulfide and molybdenum disulfide. Examples of the polymer
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active material layer 2IB may contain an electrical conductor or a binder if
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material such as graphite, carbon black, and Ketjen black. One thereof is

lithisad singhangnitive phospbrectbergafiare(lsed Dyimbayre-<Furthdribialike.

addition to the carbon material, a metal material, a conductive polymer
matefiakocitielikermayibe ugediasdbrigsagitne matesiatacting lthium further
includes other metal compound or a polymer compound. Examples of other metal
compound include an oxide such as titanium oxide, vanadium oxide, and manganese
dioxide; and a disulfide such as ftitanium disulfide and molybdenum disulfide.
Examples of the polymer compound include polyaniline, polythiophene and the like.
The cathode active material layer 21B may contain an electrical conductor or a
binder if necessary. The electrical conductor includes, for example, a carbon material
such as graphite, carbon black, and Ketjen black. One thereof is used singly, or two or
more thereof are used by mixture. Further, in addition to the carbon material, a metal
material, a conductive polymer material or the like may be used, as long as the material
has electrical conductivity. Examples of the binder mciude a synthetic rubber such as
styrene butadiene rubber, fluorinated rubber, and ethylene propylene diene rubber, or a
polymer material such as polyvinylidene fluoride.  One thereof s used singly, or two

or more thereof are used by mixture.



has electrical conductivity. Examples of the binder include a synthetic
rubber such as styrene butadiene rubber, fluorinated rubber, and
ethylene propylene diene rubber, or a polymer material such as
polyvinylidene fluoride. One thereof is used singly, or two or more thereof
are used by mixture. 11 The anode 22 has, for example, a structure in
which an anode active material layer 22B is provided on the both faces of

an a”ﬁ%ea%ﬁ@QE‘%EHL‘?‘%IW&%&JJ?%%&%&'lHS«RF}?i@{jaﬁhﬁaéﬁ@g&&%%%teﬂal

material layer 22B may be provided on only a single face of the anode
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of, for example, a metal material having favorable electrochemica

inuSteklitiayesable. Rleaitecondyetiviy, and @VM@mﬁ?iﬁ%{ingie face of

strength. The metal material includes, for éxample, copper, nickel, or

the SiMAIESH-RIRELo IR ABIEUAAT, SAPRSHAAVIRE SURATILIECHTE SORIUEINGE of,

is preferable. The anode current collector 22A is, for example, in a State

forobauigihed Reh QRPN eARRdeANBINalELiR davRl 22 BREelerabiorable
has a volume density in the range from 1.50 g/cm3 to 2.26 g/cm3, both

eledBGUSIYRUME IR, cRReaReisitha dhisknessnebiie anpde actya matelialcludes,

layer 22B and the composition ratio of the material composing the anode

forastivepmatenipblayatid? BoaraLanstanbaby iINCreasingdhe.yohmeadeRsibperior
of the anode active material layer 22B, the filling amount of the anode
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increased. Further, in this case, since an void inside the anode active

a stialeriakiayam2Bds appropriately decreased, contact characteristics
between each spherocrystal graphitized substance of mesophase

sphertie desakibedatatbereinatienraiesretkighas MESOPHRSE0M8PRIE in the

spherule) are improved, the electron conductivity is improved, and the
rani@@ftom 1.50 g/em’ to 2.26 g/em’, both inclusive. In the case where the thickness
of the anode active material layer 22B and the composition ratio of the material
composing the anode active material layer 22B are constant, by increasing the volume
density of the anode active material layer 22B, the filling amount of the anode active
material is able to be increased, and the capacity is able to be increased. Further, in
this case, since an void inside the anode active material layer 22B is appropriately
decreased, contact characteristics between each spherocrystal graphitized substance of
mesophase spherule described later (hereinafter referred to as mesophase graphite
spherule) are improved, the electron conductivity 1s improved, and the load
characteristics are able to be improved. However, if the volume density of the anode
active material layer 22B is excessively increased, the void is decreased and
permeability of the electrolytic solution is lowered.  Thus, to secure a diffusion path of

lithium and prevent lowering of the charge and discharge characteristics, the volume

density is desirably 2.26 g/em’ or less.



characteristics are able to be improved. However, if the volume density of
the anode active material layer 22B is excessively increased, the void is
decreased and permeability of the electrolytic solution is lowered. Thus,
to secure a diffusion path of lithium and prevent lowering of the charge
and discharge characteristics, the vdkime density is desirably 2.26 g/lem3
or less. 12 The anode active material layer 22B contains as an anode

activeynaiesial. AR AnaAeMA'RIRL capRbe AlIOSRTURY, AN SXRE G erial. an

lithium as an electrode reactant. The anode active material layer 22B may
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of the cathode active materiallayer 21 B if necessary. Such an anode
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therein with a fine pore. Since the mesophase graphite spherule has
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surface area is, for example, in the range from 10%to 50%, both

inclugjyen SUChiR respphiase 9rapinie SRRRIUIG AR RM&! &raphite spherule

compression break strength than that of the existing mesophase graphite
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able to be compression-molded so that a preferable volume density (1.50

the SIEMB AL, MONRANG R0 AR 182 S 1RBEHNRI Ry RS Mal8s, RER SR ample,
pressure than that of the existing mesophase graphite spherule. In

in PRMtigWarthe mesaphase graphite sRRRIUIG iRhigh st datioabtne osierule

surface area to the entire surface area is in the range from 15% to 27%,
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preferable vo density is obtained by a still smaller press pressure.
sphERgsehaign SinegithepprodeTRgtive matasalipyes 2BieRNIBHSIRES able to be

foregoing mesophase graphite spherule as an anode active material, the

corapRdgartivadnateriglloy ord2Rias dnappraRiate \Viiid:tem® or more and 2.26
g/em’ or less) is obtained by a smaller press pressure than that of the existing
mesophase graphite spherule. In particular, the mesophase graphite spherule in which
the ratio of the outer surface area to the entire surface area is in the range from 153% to
27%, both inclusive is able to be compression-molded so that the foregoing preferable
volume density is obtained by a still smaller press pressure. Therefore, since the anode
active material layver 22B contains the foregoing mesophase graphite spherule as an
anode active material, the anode active material layer 22B has an appropriate void to
become a lithium diffusion path and has a high capacity.

The entire surface area and the outer surface area of the mesophase graphite
spherule are determined by performing nitrogen absorption measurement and as plot
analysis. The nitrogen absorption measurement is, as generally known, performed to

obtain an adsorption isotherm and a desorption isotherm that reflect the size and the

structure of a fine pore of a measurement target sample in the process of absorbing



become a lithium diffusion path and has a high capacity. The entire
surface area and the outer surface area of the mesophase graphite
spherule are determined by performing nitrogen absorption measurement
and as plot analysis. The nitrogen absorption measurement is, as
generally known, performed to obtal#an. adsorption isotherm and a
desorption isotherm that reflect the size and the structure of a fine pore of

nitdJBEARHIEMEN faetSampIedp the RcesSOf ARIOIING 13:0MR98Rm the

info the measurement target objéct and desorbing nitrogén from'the
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(International Union of Pure and Applied Chemistry), fine pore types of
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diameter of 2 nm or less, a meso pore with a diameter of 2 nm or more
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according to the size (diameter size). The adsorption isotherm obtained by

diathe R gpgemalsamRiandreasHrenmant isdanalyzechb st he.ds Bt 50 nm
analysis as shown in "Latest carbon material experimental technology

or ARIYSICAlBIRPESHLhARG MaleRigle\@uption version),” edited by Carbon
Society of Japan, Sipec Co., pp. 1-7 (2003) and "Absorption of nitrogen by

POroushandisHeROFSNS SATRMSindd. bMire alioll R - A BAARIISHRRSrement is
K.S.W. Sing, Carbon, 25 (1987), 59-68. Thereby, the entire surface area
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measurement target sample are able to be precisely determined. The

tecBRAbI SUFACSI MEDapterminer DydhepsRIRf-abalVsIsIapresenisdhs tatalbon

sum of the internal fine pore surface area and the outer surface area in

Sotheyaegaphasapasaphitesphergeo Thaeuighsuase & aadetarmingeldy and
the as plot analysis represents the surface area obtained by excluding the
noSyiace anesoet,a MIND paredrdthRoberts, and K.S.W. Sing, Carbon, 25 (1987),
59-68. Thereby, the entire surface area and the outer surface area of the mesophase
graphite spherule as the measurement target sample are able to be precisely determined.

The entire surface area determined by the os plot analysis represents the total
sum of the internal fine pore surface area and the outer surface area in the mesophase
graphite spherule. The outer surface area determined by the s plot analysis represents
the surface area obtained by excluding the surface area of a micro pore from the
foregoing entire surface area, that is, represents the total sum of the surface area of a
meso pore, the surface area of a macro pore, and the surface area of a flat plane of the
mesophase graphite spherule. However, in the case of the mesophase graphite
spherule, the surface area of the fiat plane is extremely smaller than the surface areas of
the meso pore and the macro pore, and thus is ignorable.

By determining the ratio of the outer surface area to the entire surface area

described above, the ratio of the surface area of the fine pores other than the micro pore,



foregoing entire surface area, that is, represents the total sum of the

surface area of a meso pore, the surface area of a macro pore, and the

surface area of a flat plane of the mesophase graphite spherule.

However, in the case of the mesophase graphite spherule, the surface

area of the flat plane is extremely snidller than the surface areas of the

meso pore and the macro pore, and thus is ignorable. By determining the
hafORIPEAUEISIRGE e fodhe ARl sylach aeR eraibepl aPoVGyic

the ratio of the surface area of the fine pores other than the micrd pore;, i

spl}gﬁﬁéﬁs MESP,RYE, gemggyo pore, to the entire surface area in the

" mesophase graphite spherule is able to be represented. In the

mesoRhasSAKaRhie SR g sheeiic suncs area determned AR e

n absorptlon measurement is desirab yint
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desirably in the range from 0.3 m2/g to 2.0 m2/g, both inclusive. In"the
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rge and discharge, the mesophase graphite spherule is Stably retaine
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thereof in between, and battery characteristics such as a discharge
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0.1 m2/g or more, favorable battery characteristics are obtained without

on lewesipgdnteriaye cinaerien reactivity.of itnivmiie.the mearPbasiee thereof in
graphite spherule. Further, in the mesophase graphite spherule, to secure

betREAPSLIIc.BLFa0R AMGS RIS fHRIQING GINER [BAPASHRE-MAYADIy exercised.
diameter (D50) by laser diffractive particle size distribution meter is
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median diameter (D50) is preferably in the range from 10 m to 35 m,
are obtained without lowering interlayer insertion reactivity of lithium to the mesophase

graphite spherule.

Further, m the mesophase graphite spherule, to secure the specific surface area
in the foregoing given range, the median diameter (Dsg) by laser diffractive particle size
distribution meter is desirably in the range from 5 pum to 50 um, both inclusive. In
particular, the median diameter (Dsg) is preferably in the range from 10 um to 35 um,
both inclusive, since the specific surface area in the foregoing given range is more
easily obtained.

Furthermore, in the mesophase graphite spherule, the lattice spacing deg, in the
C-axis direction calculated by X-ray wide angle diffraction method is desirably in the
range from 0.33534 nm to 0.3370 nm, both inclusive, in particular, in the range from
0.3354 nm to 0.3360 nm, both inclusive, and the crystallite size L¢ in the C-axis
direction is desirably 80 nm or more, in particular, 100 nm or more. The lattice

spacing dgoz and the crystallite size Lc in the C-axis direction are determined, for



both inclusive, since the specific surface area in the foregoing given range
is more easily obtained. Furthermore, in the mesophase graphite
spherule, the lattice spacing d002 in the C-axis direction calculated by
X-ray wide angle diffraction method is desirably in the range from 0.3354
nm to 0.3370 nm, both inclusive, in garticular, in the range from 0.3354
nm to 0.3360 nm, both inclusive, and the crystallite size Lc in the C-axis

exa%lxr&ﬁlgtigp F&B@@”ab{t}(xeﬁ QSn arﬂ{ﬂﬁ%ﬁpl Qvﬂi%ﬁ' QH&E’ t%%%/%j il lé%z{cﬁumﬁ silicon

cé spacing d002 and the crystallite size Lc'in C-axis ionare
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20 wt% of high purity silicon powder is added to the mesophase graphite

dingH%H"ﬁﬁ% ileginaganniecela difasianingisnbiaiey By rellectves o

Iffractometer method with the use of, as a radiation source, CuKa ray

radiBRbR2S HEET GRANASTHAR 0 RBAL RFAMAHG LAY MY R RAMIE ray by a graphite

monochrometer by using a certain X-ray diffracting device (for example,

moRINZOAR X -1y Qiffiacting,deyice. of Rigalgu GorRosation,apd, sre bk n2000

determining the lattice spacing d002 and the crystallite size Lc in the

X-Cryigrditaayonfiemndhe PHracioRing; PFSeAOhIREy dIRPAMRRCISY tattice

for the Promotion of Science) Law. Moreover, in the mesophase graphite

spRRlE IS ofAMANSPESHMINUSING: 3r0eR OnasErdightsatisfierterraction line
following condition expression: 0.05<B/A<0.2 where A is an intensity of a

badRalh IBPSVRHIN $08iEANER THRMbRRIGHLE IR.18€0)emyl, both inclusive,

and B is an intensity of a peak observed in the range from 1350 cm-1 to

1370 ¢yrdohRethingusiepilhie BHIARSHRRINE ismRaapketMBHE BEbon fon
the mesophase graphite spherule
laser light satisfies the following condition expression:
0.05<B/A<0.2
where A is an intensity of a peak observed in the range from 1570 cm™ to 1620 em™,
both inclusive, and B is an intensity of a peak observed in the range from 1350 cm™ to
1370 em™, both inclusive.

The raman spectrum 1s measured by putting the mesophase graphite spherule
on a glass cell, and using a raman specirometer (for example. Ramanscope of
RENISHAW) with the use of argon ion laser light with a wavelength A of 514.5 nm.

When the mesophase graphite spherule has the foregoing structure, a high
volume density and favorable charge and discharge characteristics are more easily
realized.

The separator 23 separates the cathode 21 from the anode 22, prevents current
short circuit due to contact of both electrodes, and passes lithium ions. The separator

23 is made of, for example, a porous film made of a synthetic resin such as

polytetrafluoroethylene, polypropylene, and polyethylene, or a porous film made of an



on a glass cell, and using a raman spectrometer (for example,
Ramanscope of RENISHAW) with the use of argon ion laser light with a
wavelength), of 514.5 run. When the mesophase graphite spherule has
the foregoing structure, a high volume density and favorable charge and
discharge characteristics are more edsily realized. The separator 23
separates the cathode 21 from the anode 22, prevents current short
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parator is made of, for example, a porous film made of a syn C
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a porous film made of an 16 inorgan rial such as a ceramic
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oreo oregoing porous films are layered. Specially, the porous film
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circuit preventive effect and is able to iImprove battery safety by shutdown
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the separator 23, since polyethylene provides shutdown effect in the
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ctrochemical stability. Further, polypropylene is also preferable. In
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T
copolymerizing or blending with polyethylene ‘or polypropylene may be

pretiSgde N thigkngss %Ettlﬁxﬁ%@a&ﬁéﬂﬁigé isphaterablydn.tbe ranggdremnlQ vy

m to 50 m, both inclusive. If the thickness of the separator 23 is under 10

copB PRt GiEcHit maxheaanssaiedy Meapwhik pibingthickness aidhe
separator 23 exceeds 50 m, lowering of ion permeability and lowering of
battery,waime aificentysmay.Re Beneraiedably in the range from 10 pm to 30
um, both inclusive. If the thickness of the separator 23 is under 10 pm, short circuit
may be generated. Meanwhile, if the thickness of the separator 23 exceeds 50 um,
lowering of ion permeability and lowering of battery volume efficiency may be
generated.
The aperture ratio of the separator 23 is preferably in the range from 30% to
70%, both inclusive, If the aperture ratio of the separator 23 is under 30%, ion
permeability may be lowered. Meanwhile, if the aperture ratio of the separator 23
exceeds 70%, the strength is lowered, and thus msulative function is damaged, and short
circuit may be generated.
An electrolvtic solution is impregnated in the separator 23. The electrolytic
solution contains, for example, a solvent and an electrolyte salt dissolved in the solvent.
Example of the solvent includes an ambient temperature molten sait such as

ethylene carbonate, propylene carbonate, butylene carbonate, vinylene carbonate,

dimethyl carbonate, diethyl carbonate, ethyl methyl carbonate,



The aperture ratio of the separator 23 is preferably in the range from 30%
to 70%, both inclusive. If the aperture ratio of the separator 23 is under
30%, ion permeability may be lowered. Meanwhile, if the aperture ratio of
the separator 23 exceeds 70%, the strength is lowered, and thus
insulative function is damaged, and Lhort circuit may be generated. An
electrolytic solution is impregnated in the separator 23. The electrolytic
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in the solvent. Example of the solvent includes an ambient temperature

tetr IOHEIRSANL, sushhasigivlansscarbanate; prapylenssartnpaigyhutylantolane,

carbonate, vinylene carbonate, dimethyl carbonate, diethyl carbonate,

me@Y! Mathy! catipnate duiofrituorend 3-pigyRiane; 2:RBRnTn Rkl rolasaientrile,

y-valerolactone, 1,2-dimethoxyethane, tetrahydrofuran,

adigometylteliahydralufamlia-dioxRiaaey Aropeiinkile3-dioxalaneh e mide,

acetate, methyl propionate, ethyl propionate, acetonitrile, glutaronitrile,

N-AiPapiFigidNeoXyasriaR e dranelhoxyprepienitile, nitroethane, sulfolane,
N,N-dimethylfonnamide, N-methylpyrrolidinone, N-methyloxazolidinone,

dinfiioMmethareddittaathane, itplane, disteinypsutihade, iRty lsulfite, and
phosphate, triethyl phosphate, ethylene sulfite, and

bistpigtiiffuarametyiseiionderidetiviethylhexytammonium. Spegially, ethylene
ethylene carbonate, propylene carbonate, vinylene carbonate,

cardoflueropddinxelanatinene, dindihyl carbonate, ethybroetiylitarbianat®.one,
or ethylene sulfite is preferable, since superior charge and discharge

dincapaciyrbbasasteristicamandisupekianehargehnttsisehidngeiscyedderable, since
characteristics are thereby able to be obtained. One of the solvents may

supeediSSrrsingly dtchplaradipydhedotaoay he-wsed iy mixtuber gsathiiedischarge
electrolyte salt, for example, lithium hexafluorophosphate (LiPF6),

cycle characteristics are thereby able to be obtained. One of the solvents may be used

singly, or a plurality thereof may be used by mixture.

As the electrolyte salt, for example, lithium hexafluorophosphate (LiPFs),
lithium bis(pentafiuoroethanesulfonylyimide (Li(CoFsSO,pN), lithium  perchlorate
(LiClOy), lithium hexafluoroarsenate (LiAsFg,), lithium tetrafluoroborate (LiBF,),
lithium trifiuoromethanesulfonate (LiSO:CF3), lithium
bis(trifluoromethanesulfonyl)imide (Li{CF1S0O2)N), hthium
tris(trifluoromethanesutfonyDmethyl (LiC(SO;CFs)s), lithium chloride (LiC1), lithium
bromide (LiBr), lithium tetraphenyl borate (LiB(CgHs)s), lithium methanesulfonate
(LiCH1S04), lithium trifluoromethanesulfonate (Li CF3S0s3), hithium
bis(trifluoromethanesulfonybimide (LiN(SO,CF;),), lthium aluminate tetrachloride
(LIAICL;), lithium  hexafluorosilicate  (LiSiFg), lithium  difluorooxalateborate

(LiBF2(0,)), or lithium bisoxalateborate (LiBOB) is included. Specially, LiPF¢ is

preferable, since thereby high ion conductivity is able to be obtained, and the cycle



lithium bis(pentafluoroethanesulfonyl)imide (Li(CcF5S02)2N), lithium
perchlorate (LiCIO4), lithium hexafluoroarsenate (LIASF6,), lithium
tetrafluoroborate (LiBF4), lithium trifluoromethanesulfonate (LiISO3CF3),
lithium bis(trifluoromethanesulfonyl)imide (Li(CF3S0z)2N), lithium
tris(trifluoromethanesulfonyl)methyl #8iC(SO2CF3)3), lithium chloride (Lid
), lithium bromide (LiBr), lithium tetraphenyl borate (LiB(C6H5)4), lithium

chg@@@é}%@ﬁ?%@ Q@f@t(ﬂb‘gﬂ%ﬁg@h Iit@H@o‘FmE%@%ﬁ%gﬁ@fﬁggﬁe(ﬁed singly,
CF3S03), lithium bis(trifluoromethanesulfonyl)imidé (LIN(SO2CF3)2),
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(LiSiF6)4 lithium difluorooxalateborate (LiBF2(OX)), or lithium
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y high ion conductivity is able to be obtained, and the cycle 18
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be used singly, or a plurality thereof may be used by mixture. The

electrpiyte-sallis dissriMemhin Nemiareding SaeBtAhALORGBNFALON in

the range from 0.1 mol/dm3 to 3.0 mol/dm3, both inclusive, preferably in

the range femudd RAEMBterhd AU Pethdnctsivad FNBnder are mixed

secondary battery may be manufactured, for example, as follows. First, a

to Caifiade agtivemateriahiamlectiigalcondugtor and abindetgienixgdh as

to prepare a cathode mixture, which is dispersed in a solvent such as

N-eRethy-ZnRyidele one dpiahtainseasiaicrth ad s AXWIBSIUMSubsequently, the

Subsequently, the cathode current collector 21A is coated with the
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compression-molded by a rolling press machine or the like to form the
is Grathoda astiveinaterialilayen2 BnAcsadingbiddacsathotdm bissfaorgie or

Otherwise, the cathode active material layer 21B may be formed by
thehORdifgorm the cathode active material layer 21B.  Accordingly, the cathode 21 is
formed. Otherwise, the cathode active material layer 21B may be formed by bonding
the cathode mixture to the cathode current collector 21A.

Further, the foregoing graphite particle and a binder are mixed to prepare an
anode mixture, which is dispersed in a solvent such as N-methyl-2-pyrrolidone to obtain
paste anode mixture siurry. Subsequently, the anode current collector 22A is coated
with the anode mixture slurry, and the solvent is dried. After that, the resultant is
compression-molded by a rolling press machine or the like to form the anode active
material layer 22B so that the volume density is in the range from 1.50 g/cm3 to 2.26
g/cm3, both inclusive. Accordingly, the anode 22 is formed.

Next, the cathode lead 25 1s attached to the cathode current collector 21A by
welding or the like, and the anode lead 26 1s attached to the anode current collector 22A

by welding or the like.  After that, the cathode 21 and the anode 22 are spirally wound

with the separator 23 in between. An end of the cathode lead 25 is welded to the



the cathode mixture to the cathode current collector 21A. Further, the
foregoing graphite particle and a binder are mixed to prepare an anode
mixture, which is dispersed in a solvent such as N-methyl-2-pyrrolidone to
obtain paste anode mixture slurry. Subsequently, the anode current
collector 22A is coated with the anole mixture slurry, and the solvent is
dried. After that, the resultant is compression-molded by a rolling press
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ume density is in the range from 1 .50 g/cm3 to 2.26 g/cm3, bot
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is attached fo the cathode current collec A by welding or the like,

bot@REhtG40RAS 16 Ad 26 aachad e Anogde Suranl callaglongray B 11,

welding or the like. After that, the cathode 21 and the anode 22 are
AssPirallyayeund itk thegepaiaier 23 IRDOeMeaR. L Mend ofAREFAARILL the

lead 25 is welded to the 19 safety valve mechanism 15, and an’end of the

cleBRQYEJIeBR OIS YRR R thaRatigi-Famn 13- éﬂa%dw WaW@uRGhe separator

cathode 21 and the ‘spirally wound anode 22 are sandwiched between the

23 pak gfinsylaingplates daiandi3yand contained inghe-haterwcan &k safety

After the cathode 21 and the anode 22 are contained in the battery can

valld niBé-aiesirolytic seltiondsinireted intotheihatieny caulileantth the gasket

impregnated in the separator 23. After that, at the open end of the battery

17 canpblethadbaitennenvanddatheisafetly vaiMermechaniamds, and the
PTC device 16 are fixed by being caulked with the gasket 17. The

secongdary hatenuilustratedvindignhisdhatgh complaiaguin the are extracted

secondary battery, when charged, for example, lithium ions are extracted
frofromethgsadbode activgerialanatlayes 2ABiansiaserted inhe: anade maieriat

active material layer 22B through the electrolytic solution. When
laydisehBraedufor exaslgoliitudiution. When discharged, for example, lithium
ions are extracted from the anode active material layer 22B, and inserted in the cathode
active material layer 21B through the electrolvtic solution.

In this embodiment, the anode active material in the anode active material layer
22B contains the_: mesophase graphite spherule having the fine pore, and thereby the
compression break strength is decreased. Thus, the volume density is increased by
compression molding, the total amount of the active material contained in the battery is
mereased, and thereby the capacity is able to be improved. At this time, even with a
lower press pressure, the volume density of the anode active material layer 22B 1s able
to be increased. Thus, in the stage of forming the anode 22, an excessive stress 1s not
given to the anode current collector 22A. Accordingly, there is no possibility to
generate a dent, a crack, an opening, or a fracture due to stress generation originated

from the mesophase graphite spherule. If the ratio of the outer surface area to the

entire surface area in the mesophase graphite spherule is under 10%, the break



ions are extracted from the anode active material layer 22B, and inserted
in the cathode active material layer 21B through the electrolytic solution.
In this embodiment, the anode active material in the anode active material
layer 22B contains the mesophase graphite spherule having the fine
pore, and thereby the compression #teak strength is decreased. Thus,
the volume density is increased by compression molding, the total
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thereby the capacity is able to be improved. At this time,
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layer 22B is able to Be increased. Thus, in the stage of forming the anode

in #fs BRRGARFY SRIBSSH ALY RN R4NG ANAdeaH RN SRISHH ARdsibility

Accordingly, there is no possibility to generate a dent, a crack, an
as SRRRING, or a fracture due to stress generation originated from the
mesophase graphite spherule. If the ratio of the outer surface area to the

entirepgiface agd iR iR aasaphasze graphiteSpheRdie igbnARnHh0 %Ry is
break 20 compression strength is not sufficiently decreased, and there is

incPeRQEBIRIIY IR Q8NE IR RIHE L& ﬁ?ﬁﬁfyrﬁ@qoﬂﬁﬂ i E‘Qf&h@cf r?}F%EeaE%HE;eactive
anode current collector 22A. However, 'in this embodiment, the foregoing

makgHe! i:30%008 mang,aRdithusdheredsnQARSSIBHIY (AsaheNeihHiRes ulRd in
this embodiment, even in the case where the volume density is increased

theyheaERIEssiRREIAI0IRG: (N BPRIORKAE ¥R EhizJormediis HieNeacteristics
active material layer 22B. Thus, a lithium diffusion path is able to be

arcSufficienthe seeuigdiin Hgpnodr.agtivgmaterigiklayes 2 2B.randrsHRENRE also
charge and discharge characteristics are able to be obtained. Further, the

imphAkge 8nddischapas chareiatsticsare -alsey improveddhy thairpeavedntact
electron conductivity due to the improved contact
characteristics of the first and the second graphite particles. If the ratio of the outer
surface area to the entire surface area in the mesophase graphite spherule exceeds 50%.
the surface area originated from the meso pore and the macro pore becomes excessively
large, and starting points of break and deformation of the mesophase graphite spheruie
itself exist excessively, and thus the compression break strength becomes extremely low.
As a result, in press molding, a press pressure applied to the anode active material tayer
22B becomes easily uneven, the vicinity of the surface layer is crushed, and it is

difficuit to secure a sufficient lithium diffusion path. However, in this embodiment,

the foregoing ratio is 50% or less, and thus there is no possibility as above.

Second battery
Fig. 3 illustrates an exploded perspective structure of a second battery. In the
battery, a spirally wound electrode body 30 to which a cathode lead 31 and an anode

lead 32 are attached is contained in a film package member 40.  The battery structure



characteristics of the first and the second graphite particles. If the ratio of
the outer surface area to the entire surface area in the mesophase
graphite spherule exceeds 50%, the surface area originated from the
meso pore and the macro pore becomes excessively large, and starting
points of break and deformation of ti¥d mesophase graphite spherule itself
exist excessively, and thus the compression break strength becomes

usi%ﬂf%‘%'ﬂ 12 RSAFRRUIL AN PLEFSIMRIAIL ARRFESFRressure applied to

e anode ‘active material layer 22B becomes easily uneven, the vicinity

of thergurfaas iy elds aushedaanddbis difficuli rseqireaufficielthectively

lithium diffusion path. However, in this embodiment, the foregoing ratio is
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3 illustrates an exploded perspective structure of a second battery. In the

catRHEE Ya P SPIAINLWONNGSIecRERbAdY 30 tondiah & aathodedead3 land the

and an anode lead 32 are attached is contained in a film package

andNeeRer40;is Thebalen, stEueiibe: 24 HSinodheAlD Rrekage 1DREKY, and
is called laminated film type. The cathode lead 31 and the anode lead 32

stailigsor exampiRciRsnRastiyahutdesived ipior same ditssianromanside 4Qode
outside of the package member 40. The cathode lead 31 is made of, for

lea@%2MRIen ehigialdndateriah$ish as akyminum, and the anode lead 32 is
made of, for example, a metal material such as copper, nickel, and

stainlgns. phbestespesibe melakmatesiplsreamposingtheisathosaileashIim in

and the anode lead 32 are in the shape of a thin plate or mesh. The

whRackagexmepher 4Qds magdenhrurgeianguinalumpaundamninaieeh W onded

which, for example, a nylon film, an aluminum foil, and a polyethylene film
togarecbandad dagethes imdhiseder merhberpackage memberndlyddrethylene film

example, the polyethylene film

and the spirally wound electrode body 30 are opposed to each other, and the respective
outer edges are contacted to each other by fusion bonding or an adhesive. Adhesive
films 41 to protect from entering of outside air are inserted between the package
member 40 and the cathode lead 31 and the anode lead 32. The adhesive film 41 is
made of a material having contact characteristics to the cathode lead 31 and the anode
lead 32, for example, is made of a polyolefin resin such as polyethylene, polypropylene,
modified polyethylene, and modified polypropyiene.

The package member 40 may be made of a laminated film having other
structure, a polymer film made of polypropylene or the like, or a metal film, instead of
the foregoing 3-layer aluminum laminated film.

Fig. 4 illustrates a cross sectional structure taken along line TV-IV of the
spirally wound electrode body 30 illustrated in Fig. 3. In the spirally wound electrode

body 30, a cathode 33 and an anode 34 are layered with a separator 35 and an

electrolyte 36 in between and then spirally wound. The outermost periphery thereof is



and the spirally wound electrode body 30 are opposed to each other, and
the respective outer edges are contacted to each other by fusion bonding
or an adhesive. Adhesive films 41 to protect from entering of outside air
are inserted between the package member 40 and the cathode lead 31
and the anode lead 32. The adhesivéfiim 41 is made of a material having
contact characteristics to the cathode lead 31 and the anode lead 32, for

RXAPLS 15 PAde LA AQYOIElinRsimSHED a5 POINEHNISNS simpified spirall
pmpolypro%ylerlé.g“,?t m(IJdifiei%% polyethyleng},lan mogl%ed ponpro?)lil]i1 n]Le}“.eThS(glm Y

woRREKRIRIRETNES 4P méyp%mamﬁﬁ%l&@mtsgéy RhAVREOIREY fiat (oval)

structure, a polymer film made of polypropylene or the like, or'a metal film,
crolRsiead of the foregoing 3-layer aluminum laminated film. Fig. 4 illustrates
a cross sectional structure taken along line 1V-1V of the spirally wound

electigde bogy3Qdusaled inhigad- B tae spirally wolnd SIREHOSE body 30

body 30, a cathode 33 and an anode 34 are layered with a separator 35

ilh@Rgan eetwlyie, 384 Reiween, anddnre seifalynyeradiat he:aWemRRlided
periphery thereof is 22 protected by a protective tape 37. Though Fig. 4

on Wsirtesdbesimplifisd.srirally waund eleatrodembady R%4he SRl ampie, a

wound electrode body 30 actually has a flat (oval) cross section. Fig. 5

stritegtralgs ane maraadRah M dhespkalyiweund elgetrode HeEMA0m which an

illustrated in Fig. 4. In the cathode 33, a cathode active material layer 33B
andadorRvided Aarthe1bath facesoba crthpde quiraRkicalestos B3 A ahb& current

anode 34 has, for example, a structure similar to that of the anode
colibyrtrated in BigudniRat i3, dsteaaibie inwbithcanc.aopds active mateialacrive

layer 34B is provided on the both faces of an anode current collector 34A.
mafHiCttyes Bihe cathode guegrbuelieston 83MAetheraathede acliveal layer 34B,
and the separator 35 are respectively similar to those of the cathode current collector
21A, the cathode active material layer 21B, the anode current collector 22 A, the anode
active material layer 22B, and the separator 23 in the foregoing first battery.

The electrolyte 36 1s so-called gelatinous, containing an electrolytic solution
and a polymer compound that holds the electrolytic solution. The gel electrolyte is
preferable, since a high ion conductivity (for example, I mS/cm or more at room
temperature) is able to be thereby obtained, and leakage of the battery is able to be
thereby prevented.

As the polymer compound, for example, an ether polymer compound such as
polyethylene oxide and a cross-linked body containing polyethylene oxide, an ester
polymer compound such as polymethacrylate or an acrylate polymer compound, or a
polymer of vinylidene fluoride such as polyvinylidene fluoride and a copolymer of

vinylidene fluoride and hexafluoropropylene 1s included. One thereof may be used

singly, or a plurality thereof may be used by mixture. In particular, in terms of redox



material layer 33B, the anode current collector 34A, the anode active
material layer 34B, and the separator 35 are respectively similar to those
of the cathode current collector 21 A, the cathode active material layer 21
B, the anode current collector 22A, the anode active material layer 22B,
and the separator 23 in the foregoingirst battery. The electrolyte 36 is
so-called gelatinous, containing an electrolytic solution and a polymer

stalﬁﬂf?,%%@u%a@éﬂﬁé?ﬁ&l OSSR DS ASHRIEGHOMIG iR ne fluoride

preferable, since a ion conductivity (for example, 1 mS/cm or more at

or RPNk IeMReBiR) isabletabgihereby-phiaingdiand eakage.apthd in the

battery is able to be thereby prevented. As the polymer compound, for
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cross-linked body containing polyethylene oxide, an ester polymer
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a polymer of vinylidene fluoride such as polyvinylidene fluoride and a

co Mgk ekavipylidene flupdHdr and BexaloReRYIRNS dfiliidedent is in

ne thereof may be used singly, or a plurality thereof may be used by

the PR BE GrdthPRCUIakIMY IBrmS of redoxdgnsiakility. thetuernaietiht is in the
polymer compound such as the polymer of vinylidene fluoride or the like

ranie pEefarably useg, The additive s oxtehtheLelynes ¢oOMMROMADINGHS 0.17
electrolytic solution varies according to compatibility therebetween, but is

(dnprefatablylindtiiesiange from 5 wt% to 50 wt%, both inclusive. Further, in
such a polymer compound, for example, it is desirable that the number

averape: malgasiaioweht isléauthetiasgeiiensSXEO b ttd dhBodritheof the
weight average molecular weight is in the range from 2.1x105 to 3.1 x

cled®Syaodiainherent iseesiyd Sinthadange fomeOek 7iHemadlghtarDBlks case
(dm3/g).

means a wide concept inchuding not only the liquid solvent but also a solvent having ion

conductivity capable of dissociating the electrolyte salt. Therefore, in the case where

the polymer compound having ion conductivity is used, the polymer compound is also

included in the solvent.

Instead of the electrolyte 36 in which the electrolytic solution is held by the
polymer compound, the electrolytic solution may be directly used. In this case, the
electrolytic solution 1s impregnated in the separator 35.

The secondary battery 1s able to be manufactured, for example, by the
following three types of manufacturing methods.

In the first manufacturing method, first, the cathode 33 is formed by forming
the cathode active material layer 33B on the both faces of the cathode current collector
33A by a procedure similar to that of the manufacturing method of the first battery.

Further, the anode 34 is formed by forming the anode active materiai layer 34B on the

both faces of the anode current collector 34A by a procedure similar o that of the



The composition of the electrolytic solution is similar to the composition of
the electrolytic solution in the foregoing first battery. However, the solvent
in this case means a wide concept including not only the liquid solvent but
also a solvent having ion conductivity capable of dissociating the
electrolyte salt. Therefore, in the cagé where the polymer compound
having ion conductivity is used, the polymer compound is also included in

mal(i6:SAMER ImInsLRast aidfeelegitplyte 36 in which the electrolytic solution

is held by the polymer compound, the electrolytic solution may be directly

usedgimibissane. the elestelyiignalutiondsimpregnatacibthe saparalel o

35. The secondary battery is able to be manufactured, for example, by the

pol{Rllawing three types eb manufagipingimeiadsmindigdirstmanyiastuing 34
method, first, the cathode 33 is formed by forming the cathode active

are gtesial JauerRS B eatherbatfases el the cathadecliignt Sole etom 3B pel

by a procedure similar to that of the manufacturing method of the first

clebaitery. Jsurtherpibguanade 34 isdaisaedibyifosmingdhamanadpiactive 32 are
material layer 34B on the both faces of the anode current collector 34A by

resPeBiQeBd ke similan taHbat e dhe 24rmanttiactusing methed glthediast current
battery. Subsequently, a precursor solution containing an electrolytic

colRRldticn 2 pabxmercoriRalNt: and axsalvant Bt FrepREd ARBE Blectolyte 36
cathode 33 and the anode 34 are coated with the precursor solution, the

arcS@ent isinointiizegtinfamihe @alaelocirolyie 3anbubsessentlysthe that, the

cathode lead 31 and the anode lead 32 are respectively attached to the
lanfiathatBoeyrrenbeailecionddmand he-anodalclircetbicalegianaddie NEXt37 is

the cathode 33 and the anode 34 formed with the electrolyte 36

adhered to the outermost periphery thereof to form the spirally wound electrode body 30,
Subseguently, for example, after the spirally wound electrode body 30 is sandwiched
between 2 pieces of the film package members 40, outer edges of the package members
40 are contacted by thermal fusion bonding or the like to enclose the spirally wound
electrode body 30. At this time, the adhesive films 41 are inserted between the
cathode lead 31, the anode lead 32 and the package member 40. Thereby, the
secondary battery illustrated in Fig. 3 to Fig. 5 is completed.

In the second manufacturing method, first, the cathode lead 31 and the anode
lead 32 are respectively attached to the cathode 33 and the anode 34.  After that, the
cathode 33 and the anode 34 are layered with the separator 35 in between and spirally
wound. The protective tape 37 is adhered to the outermost periphery thereof, and
thereby a spirally wound body as a precurser of the spirally wound electrode body 30 is
formed. Subsequently, after the spirally wound body is sandwiched between 2 pieces

of the film package members 40, the outermost peripheries except for one side are

thermally fusion-bonded to obtain a pouched state, and the spirally wound bedy is



are layered with the separator 35 in between to obtain a laminated body.
After that, the laminated body is spirally wound in the longitudinal
direction, the protective tape 37 is adhered to the outermost periphery
thereof to fonn the spirally wound electrode body 30. Subsequently, for
example, after the spirally wound eléétrode body 30 is sandwiched
between 2 pieces of the film package members 40, outer edges of the
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to enclose the spirally wound ‘electrode body 30. At this time, the
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lead 32 and the package member 40. Thereby, the secondary battery
foriiistiaieddp Bigh 3 QL9 RIS EAMRIRISdn #0108 $860RG ARG naterial

method, first, the cathode lead 31 and the anode lead 32 are respectively
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and the anode 34 are layered with the separator 35 in between and

pacRR@iyeoung. Therproiestive tapaidd it adherad e themdernetermetically

periphery thereof, and thereby a spirally wound body as a precursor of
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spirally wound body is sandwiched between 2 pieces of the film package

pol?]ﬁEﬁ'Q@&Sté’f@bm% @lﬂ&mwﬁf&%ﬁ&es BXSeBY fenong sisadieetheinalined.

usion-bonded to obtain a pouched state, and the spirally wound body is

AcéRdaaiamneddrohrRosh-tke paskageimember 40. Subsequently, a
composition of matter for electrolyte containing an electrolytic solution, a

monamekasia-fiawnataratferieapelymessRAROWRENA PeWEriZatied and
initiator, and if necessary other material such as a polymerization inhibitor

conSapreParetie Wichhisiinjesieeh itaifiaReurhikenpaskrgamenber 4t of the
After that, the opening of the package member 40 is hermetically sealed
forbyoiherfial fusiemabantipgRiihe lkecftinallyiHhedsmermes ivithefmalhth faces
coated with a polymer compound 1s used. As the polymer compound with which the
separator 35 1s coated, for example, a polymer containing vinylidene fluoride as a
component, that is, a homopolymer, a copolymer, a multicomponent copolymer and the
like are included. Specifically, polyvinylidene fluoride, a binary copolymer containing
vinylidene fluoride and hexafluoropropylene as a component, a ternary copolymer
containing vinvlidene fluoride, hexafiuoropropviene, and chlorotrifluoroethylene as a
component and the like are included. As a polymer compound, in addition to the
foregoing polymer containing vinylidene fluoride as a component, ancther one or more
polymer compounds may be used. Subseguently, an electrolytic solution is prepared
and injected into the package member 40. After that, the opening of the package
member 40 is sealed by thermal fusion bonding or the like. Finally, the resultant is

heated while a weight is applied to the package member 40, and the separator 35 is

contacted to the cathode 33 and the anode 34 with the polymer compound in between.



polymerized to obtain a polymer compound. Thereby, the gel electrolyte
36 is formed. Accordingly, the secondary battery is completed. In the third
manufacturing method, the spirally wound body is formed and contained
in the pouch-like package member 40 in the same manner as that of the
foregoing first manufacturing method8except that the separator 35 with
the both faces coated with a polymer compound is used. As the polymer

Théégﬁg%%&%%&cmnﬁoﬁ%qreﬁ?ég%ét&a Goated.f 51?@?8&83883{@% the

ining vinylidene fluoride as a component, that is; a homopolymer, a
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pecifically, polyvinylidene fluoride, a binary copolymer containing
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copolymer containing vinylidene fluoride, hexafluoropropylene, an
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polymer compound, in addition to the foregoing polymer containing
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compounds may be used. Subsequently, an electrolytic solution is
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opening of the package member 40 is sealed by thermal fusion bonding
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package member 40, and the separator 35 is contacted to the cathode 33
faventihesanodeB4 withsthemrismelsempaistorleiwesn oBRiddiereRYsen the

the electrolytic solution is impregnated into the polymer compound, and

catHoge POl an6eemRtHG ip aalated tndarp dhe@leaikolyte 36. Accordingly,

the secondary battery is completed. In the third manufacturing method,
the swolirneessdeRasasterisiicharadiopioves conmparedie the fkstery, lithium

manufacturing method. Further, in the third manufacturing method, the
ionaromeirrd araveatesiblbetikenalyraghode 33 and the anode 34, That is,
when charged, for example, lithium ions are extracted from the cathode 33 and inserted
in the anode 34 through the electrolyte 36. Meanwhile, when discharged, lithium ions
are extracted from the anode 34, and inserted in the cathode 33 through the electrolyte
36.

Actions and effects of the secondary battery and the method of manufacturing

the secondary battery are similar to those of the foregoing first battery.

Third battery

Fig. 6 illustrates an exploded perspective structure of a third battery. In the
battery, a cathode 51 is bonded to a package can 54 and an anode 52 is contained in a
package cup 55, the resultant is layered with a separator 53 impregnated with an
electrolytic solution in between, and the resultant laminated body is caulked with a

gasket 56. The battery structure using the package can 54 and the package cup 55 is



compound, the solvent and the like hardly remain in the electrolyte 36
compared to in the second manufacturing method, and the steps of
forming the polymer compound are favorably controlled. Thus, sufficient
contact characteristics are obtained between the cathode 33/the anode
34/the separator 35 and the electrolyte 36. In the secondary battery, in the
same manner as that of the first battery, lithium ions are inserted and
SO_@{%}@@C&% veen the cathode 33 and the anode 34. That is, when
charged, for example, lithium ions are extracted from the cathode 33 and

insertgl in:iheARPdas3tHRHED HSRIEFUNIEAE MRS VRASE: 51R is

discharged, lithium ions are extracted from the anode 34, and inserted in

pro{igeaadhosleditnrauabiihe SIBEHOIIR 36 OALORS 30 ETfeRlS QIdie 52 has a

secondary battery and the method of manufacturing the secondary
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6 illustrates an exploded perspective structure of a third battery. In the

sindlattens acathodedl dahondes e Packagesanbkand anARageR2 darrent
contained in a package cup 55, the resultant is layered with a separator
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laminated body is caulked with a gasket 56. The battery structure using

the thfoRackane salidhianddne PRCkagaIRURparitod 535arealapcaNt iy Renilar to
The cathode 51 has a structure in which a cathode active material layer

tho&l Brishravided anarmingle-face 0f A eathodensurient colecion Sifer TS, the
anode 52 has a structure in which an anode active material layer 52B and

ancd<€oat oG alecnsovimeding meinglaface atan anedeBirent eellgstarator 23
52A. Structures of the cathode current
in the foregoing first battery.

In the secondary battery, in the same manner as that of the first battery, lithium
ions are inserted and extracted between the cathode 51 and the anode 52. That is,
when charged, for example, lithium ions are extracted from the cathode 51 and inserted
in the anode 52 through the electrolytic solution. Meanwhile, when discharged,
lithium ions are extracted from the anode 52, and inserted in the cathode 51 through the
electrolytic solution.

Actions and effects of the coin-type secondary battery and the method of

manufacturing the coin-type secondary battery are similar to those of the foregoing first

battery.

Examples
A description will be given in detail of specific examples of the invention.
Example 1

First, a mesophase graphite spherule in which the ratio of the outer surface area



collector 51A, the cathode active material layer 51B, the anode current
collector 52A. the anode active material layer 52B, and the separator 53
are respectively similar to those of the cathode current collector 21A, the
cathode active material layer 21B, the anode current collector 22A, the
anode active material layer 22B, and®he separator 23 in the foregoing
first battery. In the secondary battery, in. the same manner as that of the

to HStRAME UM Jons AfednseriRdand.axlRrlast %ﬁt‘ﬁ’&%?g%cﬁmﬂ% by

51 and the anode 52. That is, when charged, for example, lithium ions are

nin®REACIBAHAMANG Cathedr L @ad insartag. Ndbg anfsma4nTavgh he taser

efectrolytic solution. Meanwhile, when discharged, lithium ions are
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electrolytic solution. Actions and effects of the coin-type secondary battery
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similar to those of the foregoing first battery. Examples A description will
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mesophase graphite spherule in which the ratio of the outer surface area
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isotherm by nitrogen absorption measurement was 16%, the median
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m, and the specific area determined by BET method based on nitrogen
absompéian Measein oAk ShN 2dg-WRsPreReM se e RIKOgRRrule as an

absorption measurement was performed by a fully automatic gas

active material was formed. Specifically, first, 90 parts by mass of the foregoing
mesophase graphite spherule and 10 parts by mass of polyvinylidene fluoride as a
binder were mixed. Then, the resultant mixture was dispersed in
N-methyi-2-pyrrolidone (NMP) as a solvent to obtain mixture slury. Next, a current
collector made of a copper foil being 12 um thick was uniformly coated with the
mixtare slurry, which was dried. The resultant was compression-molded so that the
volume density became 1.80 g/em’ to form an active material layer. After that, the
current collector provided with the active material layer was punched out into a pellet
having a diameter of 16 mm to obtain an electrode. The area density of the active
material layer to the area of the current collector was 12 mg/em®.

Next, with the use of the electrode, a coin-type test cell in a diameter of 20 mm,
and a thickness of 1.6 mm having the structure illustrated in Fig, 7 was formed. In the
test cell, the foregoing electrode obtained as a pellet having a diameter of 16 mm was
used as a test electrode 61, the test electrode 61 was contained in a package can 62, a

counter electrode 63 was bonded to a package cup 64, and the resultant was layered

with a separator 65 impregnated with an electrolytic solution in between, and then the



absorption equipment (OMNISORP 100CX of Beckman Coulter Inc.), and
thereby the adsorption isotherm of the mesophase graphite spherule at
77K was obtained. Next, an electrode containing the foregoing
mesophase graphite spherule as an active material was formed.
Specifically, first, 90 parts by mass cfthe foregoing mesophase graphite
spherule and 10 parts by mass of polyvinyl.idene fluoride as a binder

resiBHR %ﬁﬁt&%f%i %ﬁwﬁ%ﬁtmﬁtﬁ‘ [ﬁeaé’f@tség.s pmqsiﬂn the fest electrode 61,

N-methyl-2-pyrrolidone (NMP) as a solvent to obtain mixture slurry. Next,
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coated with the” mixture slurry, which was dried. The resultant was
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form an active material layer. After that, the current collector provide

actWithdheastiveemateriakloyehyiea egtpgh gyout iRLo A pellel RAURI & with the
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diameter of 16 mm to obtain an electrode. The area density of the active

sepatalerigh laysededhe argami thecurgnhrallesialwasiZNgerignetectiode

with the use of the electrode, a coin-type test cell in a diameter of 20 nun,
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formed. In the test cell, the foregoing electrode obtained as a pellet
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electrode 61. was contained in a package can 62, a counter electrode

at YasibeRdeEidood packagg oup G4, Andithe ¢paultant was layeradawvith @rolytic
separator 65 impregnated with an electrolytic solution in between, and

soltiim therB9 copsuianidammatedhodytiaseptigdanith aeakatA6:d batition

is, in the test electrode 61, an active material layer 61B containing the
waforegelidg-mesophase graphite spherule as an active material was
provided on a current collector 61A made of a copper foil, and the active
Exangitsial tayer 61B was arranged oppositely to the counter electrode 63
with the

Test cells as illustrated in Fig. 7 were formed in the same manner as that of
Example 1, except that the ratio of the outer surface area to the entire surface area in the
mesophase graphite spherule, the median diameter Dsg, and the specific surface area
were respectively changed as shown in the following Table 1.

Further, as Comparative exampies 1 to 5 relative to Examples 1 to 35, test cells
as illustrated in Fig. 7 were formed in the same manner as that of Example 1, except that
the ratio of the outer surface area to the entire surface area in the mesophase graphite
spherule, the median diameter Dsg, and the specific surface areca were respectively
changed as shown in the following Table 1.

For the respective test cells of Examples 1 to 5 and Comparative examples 1 to
5 formed as above, the relative press pressure, the discharge capacity, the discharge

capacity retention ratio, and damage to the current collector of the electrode were

evaluated. The results are shown in Table 1 al! together.



separator 65 in between. In that case, lithium metal was used as the
counter electrode 63, a polyethylene porous film was used as the
separator 65, and a solution containing a mixed solvent obtained by
mixing ethylene carbonate (EC) and diethyl carbonate (DEC) at a volume
ratio of 1:1 and LiPF6 as an electrolyté salt was used as an electrolytic
solution. The concentration of lithium hexafluorophosphate in the

elec“ﬂ%“?e?ﬁwg%ﬁ're@éaﬁés%?y dm3- Famples? H?eésgﬁa[gcﬁlés @)%asﬁn rglressure

illustrated in Fig. 7 were formed in the same manner as that of e
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in theé mesophase graphite spherule, the median diameter D50, and the
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following Table 1. Further, as Comparative examples 1 to 5 relative to

preEXAMPIESIipRatest SellspRS1ilistiaed dp figes’ W ere fREmedp RERAMEand

manner as that of Example 1, except that the ratio of the outer surface

the3E8pel; e sRlirgsHHaCRHRA in the mesophase graphite spherule, the
median diameter D50, and the specific surface area were respectively

changed agsshawe B&é&&t@oﬂ%ﬁi%ﬂéﬁwg 1s FRniRe respegtiverieatrells Ofer,

Examples 1 to 5 and Comparative examples 1 to 5 formed as above, the

co@IFHVeRFasS MIRSSURRadhBcHisEhBRIGICaPasMathe discharge (CAPACKYti] the
retention ratio, and damage to the current collector of the electrode were

eqeNBiaiegotbRgeuliBare shows inntable Fatiogehiet.s0vJingsalative was

press pressure was obtained by measuring the press pressure necessary
perfdiheLase wWitamthe petivemateviallayerivas.campressionamalded: S@nstant

that the volume density became 1.80 g/cm3, and normalizing the results

curbaseshoRdhedess20 hours. After that, discharge was performed at a constant
current of 0.1 C until the equilibrium potential reached 1.5 V to lithium, and the
discharge capacity (mAh/g) then was measured. 0.1 C is a current value at which the
theoretical capacity is completely charged in 10 hours. The discharge capacity
calculated as above was based on the equilibrium potential, and thus the discharge
capacity reflected characteristics inherent to the material composing the active material
layer of the test electrode 61.

Further, the discharge capacity retention ratio associated with progress of
charge and discharge cycle was obtained as follows. Under the charge conditions and
the discharge conditions described above, cach test cell was repeatedly charged and
discharged. The discharge capacity at the first cycle and the discharge capacity at the
50th cycle were respectively measured. Then, discharge capacity retention ratio
(%)=(discharge capacity at the 50th cycle/discharge capacity at the first cycle) x100 was

calculated.

The damage to the current collector of the electrode was evaluated as follows.



pressure of Comparative example 1 for the electrodes of the respective
examples and the respective comparative examples. The discharge
capacity was obtained as follows. First, for each test cell, constant current
charge was performed at a constant current of 0.1 C until the equilibrium
potential reached 5 mV to lithium. Féher, constant voltage charge was
performed at a constant voltage of 5 mV until the total time from starting

OndBRIROBRIGRIdEU BRh R RAIGE 8RR GH R0 NOoMR AR 1A S\S}Ekarcggﬁ‘g(?% an

performed at a constant current of 0.1. C unfil the equilibrium pote
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measured. 0.1 C is a current value at which the theoretical capacity is
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above was based on the equilibrium potential, and thus the discharge
obseaRAciy rgfl sheharaeteusticaimhenstdq themalatial RANPOSIRg{BReyisual
active material layer of the test electrode 61. Further, the discharge
obsCARAGHY setartiomratiaassociaied With RIGEIEESORoCRRDSIGNAIISENAIGE the
cycle was obtained as follows. Under the charge conditions and the

clesliggbargersendiiensserstiibedakaveaneaghigst cell wassepeaiedly from the
charged and discharged. The discharge capacity at the first cycle and the

meSipERay ge-paRacihnalibeHothicyde wereespestiNaiomaasuiesy pPhesure in
discharge capacity retention ratio (%)=(discharge capacity at the 50th

preyeipidisgharge crpeaity arnthefitsiceyele)xd08 WasisCadeutated ochhge current
damage to the current collector of the electrode was evaluated as follows.

colBbtdoneertide elasicadesinpphichdhgractivermaiaiallayelwasfaRe.was the
dipped in an organic solvent and washed, and thereby the active material
sphayel waspsieled fiaphie spherule, the number of dents in which the smallest
dimension was in the range from 3 to 70 pm was counted. Further, in the case where
two or more dents were overlapped at the same location, separation was made by visual
observation, and the number of overlapped dents were determined and counted. Table
1 shows the number of dents of the examples and the comparative examples other than

Comparative example 1 that was normalized where the number of dents in Comparative

example 1 was the reference value 100.



current collector. The resultant was dried, and then the current collector
was visually observed by an optical microscope with 100-power
magnifications. For the visual observation, arbitrary 3 locations of a
square region having each side of 5 mm on the electrode surface were
selected. Then, the number of dents*#esulting from the mesophase
graphite spherule generated on the current collector caused by pressure
in preggdnolding was counted. Out of circular or oval dents generated on
the current collector surface caused by pressure against the current

An&QUISEoE shfacs by thevsphgrigalmesprbasegraphite spherule, the
number of dents.in'which the smallest dimensign was in the range from 3
to 70 m Naé)@mnntedl\ﬁdr@hef, Snemﬁccbsé’l\%%ere Dischoemdpésderts (vaneber
overlappedsatithe samsraeationyfeparaticonunas rmpdathy|vispatity | of dents
observatiarsaame:the nimber of averlappettients were defermeimest dndelative
counted. Takigcd shows the number of dants)of the examples-apd the vatue)
comparative,gxamples other than Comparative example 1 that was
normalized where the number of dents in Comparative example | was the
reference valye 100: rabfe 1 Anode active n %] r\olume
density: 1.80 g/cm3 OLfler Median Specific Press Discharge Discharge
Nmnber | surface diameter surface pressure capacity capacity of dents
areafentire D50-area (relative-retention-(relative -surface-value)-ratio
Ex mAlg o Ekmple D38 30 1630636 356 5244 8589
Example 2 20 28 1.8 (.49 356 92.6 44
Example 3 24 32 14 0.63 355 92.9 50
Example 4 32 30 1.2 (.76 350 G2.7 58
Example 5 48 15 1.8 0.82 349 92.8 78
G ,
omparative 4 31 1.6 1 354 92.7 100
example 1
C ti
emparative 6 25 1.5 0.95 349 92.5 94
example 2
Comparative 8 32 0.9 0.91 348 0222 93
exampie 3
C 1
OMPATAIve | 54 30 12 0.36 337 82.4 40
example 4
Comparative |, 34 1.8 0.28 331 79.] 36
example 5

As shown in Table 1, in Examples 1 to 5, the mesophase graphite spherule in

which the ratio of the outer surface area to the entire surface area was in the range from

10% to 50%, both inclusive, the specific area was in the range from 0.1 m¥/g to 5 m¥/g,

both inclusive, and the median diameter (Dso) was in the range from 5 pm to 50 pm,

both mclusive was used as an active material.

Thus, the relative press pressure was

lower (0.49 to 0.86) than the relative press pressure (0.91 to 1) of Comparative

examples 1 to 3 using the mesophase graphite spherule in which the ratio of the outer




Example 2 20 28 1.8 0.49 356 92.6 44 Example 3 24 32 1.4 0.65 355
92.950 Example 4 32 30 1.2 0.76 350 92.7 58 Example 548 15 1.8 0.82
349 92.8 78 Comparative 4 31 1.6 1 354 92.7 100 example Comparative
6 251.50.95 349 92.5 1 94 example 2 Comparative 8 32 0.9 0.91 348
92.2 93 example 3 Compjv e 53 30782 0.36 337 82.4 40 examComparati
ve example 567 34 1.8 0.28 331 79.1 36 As shown in Table 1, in
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the outer surface area to the entire surface area was in the range from

waslﬁ)%g)tﬁﬁ%ﬁeq%gsi@HLH%Y@;&m@ssﬁg&ifi.ﬁlﬁr@@ewasﬁe&ﬁ%ﬁ?%g%{@%ﬂ es 1 to

m2/g to 5 m2/- both inclusive, and the median diameter (D50) was in the
5, RGBT SMUB R0 HROULREIISIVEWES Hasd A8 BEENG WARHA that of

Thus, the relative press pressure was lower (0.49 to 0.86) than the
Coﬁﬂl%&\fﬁr@ E%ﬁﬁlﬁf&sﬁ%%(o-%%l@x&) of Q%Bﬁz@li\{@ EXMplesdri 3&'15§H¥9 was

the mesophase graphite spherule in which the ratio of the outer 33
in the range from 349 mAh/g to 356 mAN/g, both inclusive, and the discharge capacity
retention ratio was in the range from 92.4% to 92.9%, both inclusive, and thus it was
found that the discharge capacity and the discharge capacity retention ratio almost equal
to those of Comparative examples 1 to 3 were maintained.

Further, in Examples 1 to 3, the relative press pressure was higher than that of
Comparative examples 4 and 5 using, as an active material, the mesophase graphite
spherule in which the ratio of the outer surface area to the entire surface area exceeded
50%, but the discharge capacity and the discharge capacity retention ratio were largely
increased.

The invention has been described with reference to the embodiment and the
examples. However, the invention is not limited to the embodiment and the examples,
and various modifications may be made. For example, in the foregoing embodiment
and the foregoing examples, the description has been given of the battery using lithium
as an electrode reactant. However, the invention is applicable to a case using other
alkali metal such as sodium (Na) and potasstum (K), an alkali earth metal such as
magnesium and calcium (Ca), or other light metal such as aluminum. In this case, a
cathode active material capable of inserting and extracting an electrode reactant and the
like are selected according .to the electrode reactant.

Further, in the foregoing embodiment and the foregoing examples, the

descriptions have been given with the specific examples of the batteries including the



surface area to the entire surface area was under 10% as an active

material, and thus it was found that the press characteristics were

improved. Accordingly, in Examples 1 to 5, the number of dents of the

current collector was largely decreased than that of Comparative

examples 1 to 3. Further, in Examplé$ 1 to 5, the discharge capacity was

in the range from 349 mAh/g to 356 mAh/g, both inclusive, and the
batQISCRRYAENC ARSI (heteDHARTAicoWaRININA Y ABESIORLIRAUIOER- A the

both inclusive, and thus it was found that the discharge capacity and the
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examples 1 to 3 were maintained. Further, in Examples 1 to 5, the relative
a UAERSS RISSSHIewaAsighssihanrdhahRhlG omRaRtive QxaMRlasdanthaving a
using, as an active material, the mesophase graphite spherule in which

strib@katio Whithe oelodd fake A eada-the: eptHeISBHACK: AkPA BXGRRACY battery
50%, but the discharge capacity and the discharge capacity retention ratio
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to the embodiment and the examples. However, the invention is not

plutimitedtadbe-embagiment and tagiexamplesvanthyatiousimedifisstianse o a

may be made. For example, in the foregoing embodiment and the

batferegeing exampletathesBascertion hagbeengiveaehthe battery using

lithium as an electrode reactant. However, the invention is applicable to a

case Bgingrother tialkalimeialsushhagisasiunmdNahant RetassiumAkplan the
alkali earth metal such as magnesium and calcium (Ca), or other light

desngpabauchias Bdumigiven Inftils case, @itatiadelaativetoaterialapablee gel
of inserting and extracting an electrode reactant and the like are selected

eleagoprding thitie dleclkede rehctanitburihérlh theforpgoingrerohpdimeants an
and the foregoing examples, the descriptions have been given with the

elespelific ekamples, oflibediatteries nalubingd¢kiehy mixture.  As other electrolyte,
for example, an organic solid electroiyte obtained by dissolving or dispersing an
electrolyte salt into a polymer compound having ion conductivity, an inorganic solid
electrolyte containing an ion conductive inorganic compound such as ion conductive
ceramics, 1on conductive glass, and ionic crystal are included.

It shouid be understood by those skilled in the art that various modifications,
combinations, sub-combinations and alternations may occur depending on design

requirements and other factors insofar as they are within the scope of the appended

claims or the equivalents thereof.



34 battery element having the cylindrical or flat (oval) spirally wound
structure and the coin type battery. However, the invention is similarly
applicable to a battery including a battery element having a polygonal
spirally wound structure, a battery having a structure in which a cathode
and an anode are folded, or a batteri‘/‘ﬁncluding a battery element having
other structure such as a structure in which a plurality of cathodes and a
Wl gt anpdes are layered. In addition, the invention is similarly
applicable to a battery having other package shape such as a square
type battery. Further, in the foregoing embodiment and the foregoing
examples, the descriptions have been given of the case using the
1. electrglytia sRlWtiononthe-geloalactialytedpnahich the eleptnlviic salutione of
is held by the polymer compound as an electrolyte. However, other
meQIgEHQI\enma) becusrd Rytmixturepés other electrolyte, for example, an
organic solid electrolyte obtained by dissolving or dispersing an
electrolyte salt into a polymer compound having ion conductivity, an
inorganic solid electrolyte containing an ion conductive inorganic
2. compDuhd:sidehaas+iomaenchlciiverderamiet iian canduative glassp adcrystal
ionic crystal are included. It should be understood by those skilled in the
grapiiithativaileusnonodifitadipng scCcophbintdtiansasivotambinaticnsfandarea to an
alternations may occur depending on design requirements and other
entlactorsfinsafan asithgy asegwifimthe’scopesafiitid appesided claims or the
equivalents thereof. 35 What is claimed is: 1. An anode active material
containing a spherocrystal graphitized substance of mesophase spherule
provided with a fine pore.
3. The anode active material according to claim 1 or 2, wherein in the

spherocrystal graphitized substance of mesophase spherule, a specific surface area
determined by BET method based on nitrogen absorption measurement is in the range

from 0.1 m?/g to 5 m¥/g, both inclusive.

4, The anode active material according to claim 1, 2 or 3, wherein in the
spherocrystal graphitized substance of mesophase spherule, a median diameter (Dse) by
laser diffractive particle size distribution meter is in the range from 5 um te 50 pm, both

inclusive.

5. The anode active material according to any omne of the preceding claims,
wherein in the spherocerystal graphitized substance of mesophase spherule, lattice
spacing dooz in a C-axis direction caleulated by X-ray wide angle diffraction method is in
the range from 0.3354 nam to 0.3370 nm, both inclusive, and erystallite size in the C-axis

direction is 80 nm or more.



2. The anode active material according to claim 1, wherein in the
spherocrystal graphitized substance of mesophase spherule, a ratio of an
outer surface area to an entire surface area is in. the range from 10% to
50%, both inclusive. 3. The anode active material according to claim 1 or
2, wherein in the spherocrystal grapo’rﬁ\’ltized substance of mesophase
spherule, a specific surface area determined by BET method based on
nitrogen absorption measurement is in the range from 0.1 m2/g to 5
m2/g, both inclusive. 4. The anode active material according to claim 1, 2
6. or 3, whergipds theivephatosaistakaraphitized spbstange:pf mesephaselaims,
spherule, a median diameter (D50) by laser diffractive particle size
whelighiiqution: repterisrintie Fanae fom Hm:iekd ot hethpinchisivRe@ld heman
anode active material according to any one of the preceding claims,
spewthereiindthe:sphet ostystaligraphitize chs Ubstanee @haiesapRassion:
spherule, lattice spacing doo2 in a C-axis direction calculated by X-ray
0.0pvHerangle diffraction method is in the range from 0.3354 am to 0.3370
nm, both inclusive, and crystallite size in the C-axis direction is 80 um or
whenek isSan Gnidieiancfle petivehnaterdalatcoidng thanyl dTe of the 1620 cm'!,
preceding claims, wherein in the spherocrystal graphitized substance of
botingsbpliasensplieiube; (ateatitispbetpank ubingrartgontlenrlager fiigiht Batisties to
the following condition expression: 0.05<B/A<0.2 where A is an intensity
1370f anpebktblisensetin the range from 1570 cm i to 1620 cm 1, both
inclusive, and B is an intensity of a peak observed in the range from 1350
cmlto 1370 cm 1, both inclusive.

7. An anode having an anode active material layer provided on an anode current
collector, wherein
the anode active material layer contains a spherocrystal graphitized substance

of mesophase spherule provided with a fine pore as an anode active material.

8. The anode according to claim 7, wherein in the spherocrystal graphitized
substance of mesophase spherule, a ratio of an outer surface area to an entire surface

area is in the range from 10% to 50%, both inclusive.

9. The anode according to claim 7 or 8, wherein in the spherocrystal graphitized
substance of mesophase spherule, a specific surface area determined by BET methoed
based on nitrogen absorption measurement is in the range from 0.1 m%g to 5 m*/eg, both

inclusive.

10. The anode according to claim 7, 8 or 9, wherein in the spherocrystal graphitized



7. An anode having an anode active material layer provided on an anode
current collector, wherein the anode active material layer contains a
spherocrystal graphitized substance of mesophase spherule provided
with a fine pore as an anode active material. 8. The anode according to
claim 7, wherein in the spherocrystat graphitized substance of
mesophase spherule, a ratio of an outer surface area to an entire surface

sub@f&ﬁcésomrﬁggowgg Jﬁ%@}dﬁ@"/g Eﬁé@%&%&@?'@ﬂbﬁ%ﬁm@ﬁm&ve particie

according to claim 7 or 8, wherein in the spherocrystal graphitized
sizes&lﬁﬁtﬁﬁ%mx{@%%%ﬂ@&%%Qﬁgélﬂ%n?ﬁ&‘ﬁ%'%@HH@%%tﬁrﬁﬁ_ig_&E%fm'ned by
BET method based on nitrogen absorption measurement is in. the range
from 0.1 m22/g to 5 m2/g, both inclusive. 10. The anode according to
claim 7, 8 or 9, wherein in the spherocrystal graphitized 37 substance of

11, mesophass,gpPhece;f median diamelen(Dae) by Jaserdiffriagive padiclaal

size distribution meter is in the range from 5 m to 50 m, both inclusive. 11.

erap BRI A0S, SGEREUIN IR M QNG REGIRIMS M O A MBRIRINIM I xis direction
spherocrystal graphitized substance of mesophase spherule, lattice

cal RRAGING, H00Z:in Rife-axis dugetionoralcataied Py iHaywiderangle 3354 nm to
diffraction method is in the range from 0.3354 nm to 0.3370 nm, both

0.3iclusivecanthenystallie sizednthe Goaxisdiecian isidotnm 9RMNeECor kore.
The anode according to any one of claims 7 to 11, wherein in the

spherocrystal graphitized substance of mesophase spherule, raman
spectrum using argon ion laser light satisfies the following condition
12.eXpressiaidd Ob<bYAs0 & wheng: Afisiamintensity, efirReak ahsepietdirystal

the range from 1570 cm i to 1620 cm i,
graphitized substance of mesophase spherule, raman spectrum using argon ion laser
light satisfies the following condition expression:
0.05<B/A<0.2
where A is an intensity of a peak ohserved in the range from 1570 em! to 1620 cm'l,

both inclusive, and B is an intensity of a peak observed in the range from 1350 em™? to

1370 cm't, both inclusive.

13, The anode according to any one of claims 7 to 12, wherein a volume density of

the anode active material layer 1s in the range from 1.50 glem?® to 2.26 g/ems3, both

inclustve.
14. A battery comprising’
a cathode;

an anode; and

an electrolyte,



both inclusive, and B is an intensity of a peak observed in the range from

1350 cmito 1370 cm", both inclusive. 13. The anode according to any

one of claims 7 to 12, wherein a volume density of the anode active

material layer is in the range from 1.50 g/cme to 2.26 g/cm3, both

inclusive. 14. A battery comprising d%athode; an anode; and an

electrolyte, 38 wherein the anode has an anode active material layer

provided.on, anannge. SHIERLGRNECIONANH HN8:an iR AEIVGINRAISIEh anode

layer contains a spherocrystal graphitized substance of mesophase
cursPheiyie-provided with a fine pore as an anode active material. 15. A

method of manufacturing an anode comprising the steps of. preparing an

anodg,cyriet callectar.and then forming ananade-agtive - material lay¥etance

containing a spherocrystal graphitized substance of mesophase spherule

of REYideck Withea fing . ere. 07 the.aneds, cULeRt Galleetor:andaterial.

press-molding the anode active material layer so that a volume density
thereof is in the range from 1.50 g/cm3 to 2.26 g/cm3, both inclusive.

15. A method of manufacturing an anode comprising the steps of:

preparing an anode current collector, and then forming an anode active
material layer containing a spherocrystal graphitized substance of mesophase spherule
provided with a fine pore on the anode current collector; and

press-molding the anode active material layer so that a volume density thereof

18 in the range from 1.50 g/cmS3 to 2.26 gfem?, both inclusive.,



