1 BATTERY CROSS REFERENCES TO RELATED APPLICATIONS The
present invention contains subject matter related to Japanese Patent
Application JP 2007-162185 filed in the Japanese Patent Office on June
20, 2007, the entire contents of which being incorporated herein by
reference. BACKGROUND OF THE INVENTION 1. Field of the Invention
The present invention relates to a battery including a cathode, an anode,
and an electrolytic solution. 2. Description of the Related Art In recent
years, portable electronic devic&@fﬁﬁg camera-integrated video tape
recorders (VTR), mobile phones, and laptop personal computers have
become widely popular. There is strong demand for reduction in size and
wei%ht and increase in life §5:an of the portable electronic devices. In
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secondary batteries having high energy den_siti}é, are being_developed as
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the secondary batteries are a secondary battery using insertion and
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ion secondary battery) and a secondary battery 2 using deposition and
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fhigher energy density is achieved compared to a
reierence.

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a battery including a cathode, an
anode, and an electrolytic solution.
2. Description of the Related Art

In  recent years, portable electronic devices such as
camera-integrated video tape recorders (VTR), mobile phones, and laptop
personal computers have become widely popular. There is strong demand
for reduction in size and weight and increase in life span of the portable
electronic devices. In accordance with the demand, batteries, particularly
light-weight secondary batteries having high energy density, are being
developed as a power source for the portable electronic devices.

Most promising among the secondary batferies are a secondary
battery using insertion and extraction of lithium for charge and discharge

reaction (so*cal_led lithium ion secondary battery) and a secondary battery



lead battery and a nickel cadmium battery. The secondary batteries
described above have an electrolytic solution including a solvent and an
electrolyte salt dissolved in the solvent. A mixed solvent that is a mixture
of a high-permittivity solvent and a low-viscosity solvent is widely used as
the solvent. High-permittivity solventginclude, for example, ethylene
carbonate and propylene carbonate that easily solvate with the electrolyte
salt. Low-viscosity solvents include, for example, diethyl carbonate,
usigighetipasarisshatn dndisgynwiethy padiidrata thoasalledpdidiimonmetal
conductivity. Regarding a composition of the electrolytic solution, solvent
seqypdasphattemikihecsaiss, bigg%lywegm dansityaconte vedicompared to a
concentration, and the like are adjusted to improve electric conductivity.
lea‘ﬂ/héﬁtgwe@yléf%ﬁé@%ﬂmwlbﬁltb?ﬂ%ﬂéken into account, in addition to
electric conductivity, withstand voltage is an important characteristic )
demahBie d9errHaBIdutsRIeSBRABH A ahsrewsias anislesipelyit seketion
. the secondary battery sufficiently endure even a state in which a high
inclydine asaliemyRedrentloctselritgssitisrolvadda she spiphad. A mixed
Possible cases in which the high voltage and high current are applied are,
solfesiyEpabI &S mé@%@%ﬁﬁfaapgw@'gaﬁwmm HHxeHargeh malevrdscosity
case that an electric charge that is equal to or more than a predetermined
solyapuit Widshrictssd a?‘?egbﬂ sPHiritse BlighiverrRHiLHY telkepshdnpiude,
3 battery to become overcharged; and the case that a high current is

for g5 Betthice ¥t A ABATEI SROP TR MBSt L irasHvasr] vate

,%pée %ﬁe. Igthe ases described qb,ove, the eIectroI%/tic_sqution if
With Hip6 ecfelvdg salt. ow-viscosity solvenfs include, for example,

diethyl carbonate, dimethyl carbonate, and ethyl methyl carbonate that are
superior in ionic conductivity. Regarding a composition of the electrolytic
solution, solvent type, solvent mixture ratio, electrolyte salt type, electrolyte
salt concentration, and the like are adjusted to improve electric conductivity.

When safety of the secondary battery is taken into account, in
addition to electric conductivity, withstand voltage 1s an Important
characteristic demanded for the electrolytic solution. In other words, it is
important that the secondary battery sufficiently -endure even a state in
which a high voltage and a high curfent exceeding standard values are
apphed.

Possible cases in which the high voltage and high current are applied
are, for example: the case that a power supply circuit or a charger fails; the
case that an electric charge that is equal to or more than a predetermined

amount is applied as a result of misuse by a user, causing the secondary



electrode surface, so gas and decomposition heat are generated. In this
case, if the gas and the decomposition heat are continuously generated,
the secondary battery may explode or ignite. In particular,
lithium/transition metal complex oxides that are widely used as a cathode
active material are known to becomesunstable oxides and release oxygen
when the secondary battery is overcharged (for example, refer to Solid
State lonics 69, J.R Dahn, et al., 1994, page 265). The electrolytic
batisitricn betothegotirrchixegbdoloedt that ¢sthetimixaudsightherrent is applied
high-permittivity solvent and the low-viscosity solvent is advantageous for
begaproveinrenestalaealrishsonductivity. Howdean Bedaudecioiddtiond the like.
resistance is low, oxidative decomposition of the electrolytic solution
In gdsilparssu s ept thede detnod & Barfdeetwieh ehebedondangd bearapoied on an
overcharged. In this instance, when a lithium/transition metal complex
eleskigd dssusarassh exathvtideseivportionalaheanscamaergtisditerindghitesase,
__with extreme heat generation, thereby increasing risk of so-called
if ernesminadhyths tdespmuesiinnicheat cvre chergiineisitor gshrtatdl the
in the electrolytic solution to improve safety when the secondary battery is
seendeksErhatteavemitneabie-dkdsnbed nikepesdivaheys HEbtu mangition
Overcharge inhibitors include, for example, benzene, cyclohexylbenzene,
mezpaﬂ_'ggmy %%’@,Stél?ﬁﬁeﬁiﬂ, wiflsoe G asve sl yictive material are
4,4'-dimethylbiphenyl, 3-R-thiophene, 3-chlorothi.ophene, furan, and
knﬁé}miéﬁi@ﬁ?@%&t?&%ﬁ*ﬁ@uﬁﬁgﬁﬁcW%@@%%Wgﬁoﬁbﬁé‘ dharsangndary

roup (for example, refer to Japanese Unexamined Patent Application
baftery is overcharged (for example, refer to Solid State Ionics 69, J.R Dahn,

et al., 1994, page 265).

The electrolytic solution including the mixed solvent. that is the
mixture of the high-permittivity solvent and the low-viscosity solvent is
advantageous for improvement of electric conductivity. However, because
oxidation resistance is low, oxidative decomposition of the electrolytic
solution easily occurs on the electrode surface when the secondary battery is
overcharged. In this instance, when a lithium/transition metal complex
oxide is used as the cathode active material, the secondary battery ignites
with extreme heat generation, thercby increasing risk of so-called
thermorunaway.

A technique in which an overcharge inhibitor is included in the
electrolytic solution to improve safety when the secondary battery is
overcharged, even if the above-described mixed solvent is used is known.

Overcharge inhibitors include, for example, benzene, cyclohexylbenzene,



Publication Nos. H07-302614, 1109-106835, 1109-171840, 1110-321258,
H10-275632, 1111.162512, 2000-156243, 2001-023690, 2003-022838,
2005-032701, and Japanese Patent No. 2939469). A technigue in which
the overcharge inhibitor is included in the cathode instead of in the
electrolytic solution is also known (fokexample, refer to Japanese Patent
No. 3778805). In the technique, terphenyl is mixed with the cathode
active material and included in a cathode active material layer.
tPSUMNIARPTOF THEMNMENTION Howeelceven ietisaiaseswhere biighenyl,
overcharge inhibitor is included in the electrolytic solution or the cathode,
4, 4rdisvadferbrgdmnibitosis detumeased Bycoiaatibinpddncionfreastion ofnd
the electrodes when the secondary battery is repeatedly charged and
noai&ﬁwm%@%mp@ﬁa%@%ﬁ/@% tReZsdihenripsaranpwedhalkyl
secondary battery is overcharged (referred to, hereinafter, as overcharge
eroiardtQErishasyaind tfuadiny denansee Moresaningdie Rinbcave inaligation
inhibitor enhances safety when the secondary battery is overcharged, the
Pulsatiange Mot bl 0ka) 2alite dAOASB Y aischiIgd ARty Brd 521258,
decrease in storage characteristics. 5 In view of the foregoing, in the
HIRerelwit istddSikite 16 provifPa168H4r) ca&&&%‘%?%ggﬁringﬁ@&%ﬂ?%?’&
storage_characteristics and overcharge characteristics. According to an
20@918%%9&&&@#@%%&%@0%%@%1}%?&%8@& - battery including a
cathgggigan anode, and an electrolytic solution. The, cathode has a

cathode'CGRBIFEDIIRCBRURY AhaRBar-bates Hudbilrtysr included in the

cathode instead of in the electrolytic solution is also known (for example,
refer to Japanese Patent No. 3778805). In the technique, terphenyl is
mixed with the cathode active material and included in a cathode active

material layer.

SUMMARY OF THE INVENTION

However, even in the case where the overcharge inhibitor is included
in the electrolytic solution or the cathode, the overcharge inhibitor is
decomposed by oxidation-reduction reaction of the electrodes when the
secondary battery is repeatedly charged and discharged. Therefore,
characteristics of the secondary battery when the secondary battery is
overcharged (referred to, hereinafter, as overcharge characteristics) tend to
easily decrease. Moreover, while the overcharge inhibitor enhances safety
when the secondary battery is overcharged, the overcharge inhibitor may

cause decrease in discharge capacity and decrease in storage characteristics.



provided on the cathode current collector. The cathode active material
layer includes an aromatic compound having three or more benzene
rings. The electrolytic solution includes at least one of an ester carbonate
containing a halogen and an ester carbonate containing an unsaturated
bond. In the battery according to an egmbodiment of the invention, the
cathode active material layer includes an aromatic compound having three
or more benzene rings, and the electrolytic solution includes at least one
of anlesterwarbbhattoegnaigingathalogerdinchan estéde cardldeate provide a
containing an unsaturated bond. As a result of a synergistic effect
batfetye enrthblaromatiswong durtd asithgeestbrracbonatesontalniveacharge
halogen and the ester carbonate containing an unsaturated bond,
chaxegttegeinhibition function may be sustained even when the battery is
repeatedly charged and discharged. Discharge capacity becomes less
likely fsciastisrsdeven aftdodigretdmpethrirmsiortigs. Thersfore phottided a
storage characteristics and overcharge characteristics may be ensured.
baBRIFE ARSTRIPT IGNhofeT HB DRAWINGS GuFiglettitodvtioswpbestional The
view showing a structure of a battery according to a first embodiment of
cathedaveagionewijoddscanrentaapéle cros srdcticrdhoidoy astiovemy atpoelolayer
of a spirally wound electrode body shown in Fig. 1; Fig. 3 is an exploded
projadybeneheicatsrdwiry eeavsellestora Bltergthcds detgve masarial layer
. embodiment of the invention; and Fig. 4 is a cross-sectional view showing
ingudiscipeBPmEsiamYMPOHlchicttodct BEey showern g zenakangs. The
along line IV-IV.
electrolytic solution includes at least one of an ester carbonate containing a

halogen and an ester carbonate containing an unsaturated bond.

In the battery according to an embodiment of the invention, the
cathode active material layer includes an aromatic compound having three
or more benzene rings, and the electrolytic solution includes at least one of
an ester carbonate containing a halogen and an ester carbonate containing
an unsaturated bond. As a result of a synergisiic effect between the
aromatic compound and the ester carbonate containing a halogen and the
ester carbonate containing an unsaturated bond, overcharge inhibition
function may be sustained even when the battery is repeatedly charged and
discharged. Discharge capacity becomes less likely to decrease even after
high temperature storage. Therefore, both storage characteristics and

overcharge characteristics may be ensured.

BRIEF DESCRIPTION OF THE DRAWINGS



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Embodiments of the invention will be hereinafter described in detail with

reference to the drawings. First Embodiment Fig. 1 shows a

cross-sectional structure of a battery according to a first embodiment of

the invention. The battery is a lithiumsion secondary battery in which the

capacity of an anode is expressed based on insertion and extraction of

lithium, the lithium serving as an electrode reactant. In the secondary

batteFiga dpirally worssdselstmoale Yoty 2bewithg pastohinsumtig plhegery

12 and 13 are stored in a battery can 11. The battery can 11 is an almost
acdetiongdylindersvithirthemepiraffytho imde rleotiode body 20, a cathode

21 and an anode 22 are spirally wound with a separator 23 in between.

The Bager danan fntaaeedofiforsexestisieahizkew (Rhrplinadarawytion of a

One end of the battery can 11 is closed and the other 7 end thereof is
spispHredoThe phictobisbldng!ptatesin A agndli3 are disposed to sandwich

the spirally wound electrode body 20 and to extend perpendicular to the

circuifereftitt RfaPeIdng PAEEPRItENAg VT bheipstyciivadsiy of a

the cylindrical battery can 11 is a so-called cylindrical-type structure. A
baianEgeeovem ta s et avbabisnanise n@a aveeR pestivad

temperature coefficient (PCT) device 16 are attached to the opened end,

of thef attdriscan ressysselmePedukeF Witk ias ket Lruvhargandnavarigally

mechanism 15 and the PCT device 16 are provided on the inner side of

wored iderp éerdashoignie ddgoPiie malprgding Brk¥metically

sealed.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Embodiments of the invention will be hereinafter described in detail
with reference to the drawings.

First Embodiment

Fig. 1 shows a cross-sectional structure of a battery according to a
first embodiment of the invention. The battery is a lithium ion secondary
battery in which the capacity of an anode is expressed based on insertion and
extraction of lithium, the lithium serving as an electrode reactant.

In the secondary battery, a spirally wound electrode body 20 and a
pair of insulating plates 12 and 13 are stored in a battery can 11. The
battery can 11 is an almost hollow cylinder. Within the spirally wound
electrode body 20, a cathode 21 and an anode 22 are spirally wound with a
separator 23 in between. The battery can 11 is made of, for example, nickel

(Ni)-plated iron (Fe). One end of the battery can 11 is closed and the other



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 through the PTC device 16. In the
safety valve mechanism 15, if internal pressure reaches a certain level or
more because of an internal short circuit, heat from an external source, or
the like, a disk plate 15A flips and cuts electric connection between the
battery cover 14 and the spirally wound electrode body 20. Resistance in
endhehPrEG{devipe &l incidaspaiif tdhmpendadrogipdstehdrgyiniiinga disposed
current. As a result, abnormal heat generation caused by a large current
to isprebeitkd.thiee griskélyl 7vimmeatie of doroseanipldy arthsatdngo extend
material and its surface is coated with asphalt. For example, a center pin
peiptisiiesdae dinththeicentefofie dpisaiiyaoowidtbrectrotel betyd2ogin The
the spirally wound electrode body 20, a 8 cathode lead 25 made of
batdkmmingirostere liksisz o ceydinsithentalboidery]. cam ahbdis leadecalled
made of nickel or the like is connected to the anode 22. The cathode lead
cylpsdisienddtricalijsontiaeted to the battery cover 14 by being welded to the
safety valve mechanism 15. The anode lead 26 is welded and thereby
electiediftteninaetesr td thetbati&riycanlve. mgehashions an. edltgadpositive
view of a portion of the spirally wound electrode body 20 shown in Fig. 1.
tempenaoamesefficiqar RERDIe dEalfoare a&ﬁﬂ,@mht@rt&qmﬂmsd of the
provided on both surfaces of a cathode current collector 21A, the cathode -
batgmentanllddiob2 1 bergingulbast ovBppcsing katadds. ThBeaalds valve

active material layer 21B may be provided on one surface of the cathode
meghasit :@on@cwﬁm@ ﬂ%’l‘ca%/mae% &irpaktRBMERter on the inner side of the

battery cover 14. The interior of the battery can 11 is 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 through the PTC device 16. In the safety valve
mechanism 15, if internal pressure reaches a certain level or more because of
an internal short circuit, heat from an external source, or the like, a disk
plate 15A flips and cuts electric connection between the battery cover 14 and
the spirally wound electrode body 20. Resistance in the PTC device 16
increases if temperature rises, thereby limiting a current. As a result,
abnormal heat generation caused by a large current is prevented. 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 into the center of the spirally

wound electrode body 20. In the spirally wound electrode body 20, a



21A is made of, for example, a metal material such as aluminum, nickel,

or stainless steel. The cathode active material layer 21B contains a

cathode active material and an aromatic compound. The cathode active

material layer 21B may also contain electrical conductor, a binder, and

the like, according to need. The aromatic compound in the cathode active

material layer 21B functions as an overcharge inhibitor and includes three

or more benzene rings. When the aromatic compound has three or more
catiienzehe didgsnthde arbmbatic compauric:il ket easihndissdivedlie aathode 21.

electrolytic solution. Therefore, elution of the aromatic compound into the
Areleoidiytieadoliflionddesup pieksé cdrBdealde the evomatie ddampbangrisde 22.

more easily retained in the cathode 21 as a result, the aromatic
Theorapoote lisado? dsealsibi toalymadnes @ ditterh thbadtematicvesrigdynteing

is included in the electrolytic solution, even in the case that the electrolytic
wesdtgtion thads fetpereboilydetemposedbwhdhehensdednddriibattelied and

being charged and discharged. As a result, even when the secondary
theéystherg lectepediz digrorergelitanbaisattamyedaad bvercharge inhibition

function of the aromatic compound is sustained. The aromatic compound

may Bge 2 sthocrsrein evtlictethteaor mbre qujabent bérikenepiindlaveound

bonded, such as that of anthracene. Alternatively, the aromatic
elesgmpeundlmay shvea sirlicgurb inlnHibh chidwde dbréobenzenplengsatkode

spaced apart from each other and bonded, such as that of terphenyl.
achsraposerihb @m&ﬁeﬂ:@ﬁmﬁd&ﬁaylhm@!assmmgﬁeqﬁat ¢gthode current

combination of both structures. In the case where a structural isomer is

colipetantibithdhe orathiecsompuand, codlpstriciildl lsamegmapdie plesenesing
surfaces. The cathode active material layer 21B may be provided on one
surface of the cathode current collector 21A. The cathode current collector
21A is made of, for example, a metal material such as aluminum, nickel, or
stainless steel. The cathode active material layer 21B contains a cathode
active material and an aromatic compound. The cathode active material
layer 21B may also contain electrical conductor, a binder, and the ke,
according to need.

The aromatic compound in the cathode active material layver 21B
functions as an overcharge inhibitor and includes three or more benzene
rings. When the aromatic compound has three or more benzene rings, the
aromatic compound is not easily dissolved in an electrolytic solution.
Therefore, elution of the aromatic compound into the electrolytic solution is
suppressed. Because the aromatic compound is more easily retained in the

cathode 21 as a result, the aromatic compound is not as easily consumed as



Regarding the above-described aromatic compounds, a combination of a
plurality of types of compounds may be used. It is particularly preferable
that the aromatic compound has four or more benzene rings, because the
elution of the aromatic compound into the electrolytic solution is further
suppressed. As a result, higher effects may be achieved. An upper limit to
the number of benzene rings the aromatic compound has may be
arbitrarily set. However, if the aromatic compound has too many benzene
w hiémgeh @ anatas taticooh theradomaticlcolep aunidtocliret wdtHocedotiven, even in
material decreases when, for example, content of aromatic compound in
th¢he sathedd aetivechralgtial daeti 2 Beindixed basedibndeveightsedtivhen the
Therefore, a stable overcharge inhibition function may not be 10
secactteveddtteerms beémegmbticgeshmpuolidisshattzesis, witea theuldnsyenofhen
benzene rings exceeds 10, synthesis becomes difficult to achieve and
thesstohdsyntiediteiymonetikelte tdincheaged Thedefosehnigqste fonatnentlaarge
the upper limit of the number of benzene rings is, for example, about 10
inlobiéss Arontithe pbdpeaivancitinecehapuividthe catidoeatbtivé heatwapatic
layer 21B, it is preferable that the upper limit is set such that the aromatic
compopatngds digselvedibycistiventwbethvifieaahe caisde deweat benzene
material layer 21B is formed. However, the aromatic compound may not
rings disedivaderh theckase Wrelittatiwabenof badtametivgdvistde: stematic
that the aromatic compound is dissolved by the solvent, it is preferable
coprp el Fumb ok e AbEHE Wiy siswidicaxbhupie 08HBaTe PORIERS THES are
content of aromatic compound in the cathode active material layer 21B

spaeagl bearitéam seedhowthver, made bontkatissnrhineg rahg of terphenyl

Moreover, the aromatic compound may have a structure that is a
combination of both structures. In the case where a structural isomer is
present in the aromatic compound, any structural isomer may be present.
Regarding the above-described aromatic compounds, a combination of a
plurality of types of compounds may be used.

It is particularly preferable that the aromatic compound has four or
more benzene rings, because the elution of the aromatic compound into the
electrolytic solution is further suppressed. As a result, higher effects may
be achieved. An upper limit to the number of benzene rings the aromatic
compound has may be arbitrarily set. However, if the aromatic compound
has too many benzene rings, a molar ratio of the aromatic compound to the
cathode active material decreases when, for example, content of éromatic
compound in the cathode active material layer 21B 1s fixed based on a weight

ratio. Therefore, a stable overcharge inhibition function may not be



from 0.05 wt% to 4 wt%, a sufficient overcharge inhibition function may be
achieved. It is particularly preferable that the content of aromatic
compound is within a range from 0.1 wt% to 3 wt%. Asa result, prevention
of discharge capacity reduction in storing at high temperature may be
aided, while achieving the overcharge inhibition function. The
above-described content of aromatic compound is a weight ratio to a
remaining weight that is the weight of the aromatic compound subtracted
aclirerethe thtataveightiobthen gtithcdmaotivel nsaterieidmyevBeB (ihe totatber of
weight of materials in the cathode active material layer 21B excluding the
benrenmtitngsnpoeed. Forsershesle, ctrereontbifiofidromaticicwenpodnast of
is 1 wt%, the weight ratio of 11 the weight of the aromatic compound to
synitbeshove-desteiddkelantainingrageight herefaso. ithsapoafatieble that the
compound is, for example, o-terphenyl (o represents ortho position),
upnexdipmdrd (hereprabentsinherzpositonds paefphenging leeplesendpardess.
position), quaterphenyl, 2-methyl-p-terphenyl, 9, 10-diphenyl-anthracene,
Fram tha-psyapeesiyibehzenshane gfsheteaphedyineiprthalenerial layer 21B, it
5,6,11,12-tetraphenylnaphthacene, or hexaphenylbenzene. The
is poripraiiad hedytbe ussgnlonsiolsseionshdted. thenaremagic compound is
~compounds, at least one of terphenyl and quaterphenyl is preferable
disseberibdn §umé}émtove¢@lw&r@@nn?ﬁ/@itmhgd@ti@ﬁtmamt@éﬁlelmnr21B 1s
this case, quaterphenyl is preferable because the aromatic compound is
fonaedeadiigBrso ébhy menaidsieurasidionat gobsbovitisilsagingIn the
that, as long as the aromatic compound has three or more benzene rings,
cagfeRPSHtatOBoMbBbed iThbemARee 188 donfsdufBgh that the aromatic

compound is dissolved by the solvent, it is preferable that the number of
benzene rings 1s, for example, about 10 or less.

The content of aromatic compound in the cathode active material
layer 21B may be arbitrarily set. However, if the content is within a range
from 0.05 wt% to 4 wt%, a sufficient overcharge inhibition function may be
achieved. It 1s particularly preferable that the content of aromatic
compound is within a range from 0.1 wt% to 3 wt%. As a result, prevention
of discharge capacity reduction in storing at high temperature may be aided,
while achieving the overcharge inhibition function. The above-described
content of aromatic compound is a weight ratio to a remaining weight that is
the weight of the aromatic compound subtracted from the total weight of the
cathode active material layer 21B (the total weight of materials in the
cathode active material layer 21B excluding the aromatic compound). For

example, if the content of aromatic compound is 1 wt%, the weight ratio of



above. The cathode active material includes either one type or two or
more types of cathode materials capable of inserting and extracting
lithium serving as the electrode reactant. The cathode material capable of
inserting and extracting lithium is, for example, lithium oxide, lithium
sulfide, an intercalation compound intluding lithium, or a
lithium-containing compound such as lithium phosphate compound.
Among the materials above, a complex oxide including lithium and a
tharavsigbh wktthelemengior aophpsphdicconiwoahdinoledirmhittivrmranathing
a transition metal element is 12 preferable. In particular, a material that
wepgditided 4018868t one type among cobalt (Co), nickel, manganese (Mn),
iron, aluminum, vanadium (V), and titanium (Ti) as the transition-metal
elemdthdsapatertisleorpoomitdb, féemerseonie, nsaterphinekpie ssadergnts
for example, LixMIO2 or LiYMIIPO4. In the formulas, Ml and MII include
orténe RsiibrR typEscaphansitidm menakssioiemeta/ digsiiont apdsraieny!
based on a charging and discharging state of the battery. Typically,
refeBaKe] . 10RTA 0.0FRGEHIA, Speaifiatexaimisd. of the seyhiidspoteaphenyl,
including lithium and a transition-metal element are lithium cobalt
9, i hiplsmdigathsacews), lithium nickel compleX éxitié-eiasidenythrmaene,
nickel cobalt complex oxide (LixNii-X0zO2 (0<z<1)), lithium nickel cobalt
L Ziahganesehesmlar bhadepeil Ni(P.®) Bol Misiow foadnadybaesnp,  or
v+w<l)), and lithium manganese complex oxide having a spinel structure
heygarheghermncomples sxaeceiidngithlubrafRioragitoncaahination.
element may also be, for example, a complex oxide in which a part of the
Amopsitldensetape at HoltrisH ipRse of terphenyl and quaterphenyl is

preferable because a sufficient overcharge inhibition function may be
achieved. In this ecase, quaterphenyl is preferable because the aromatic
compound 1s less easily dissolved by the electrolytic solution. It goes
without saying that, as long as the aromatic compound has three or more
benzene rings, the aromatic compound is not limited to the compounds
above.

The cathode active material includes either one type or two or more
types of cathode materials capable of inserting and extracting lithium
serving as the electrode reactant. The cathode material capable of inserting
and extracting lithium 1s, for example, Lithium oxide, lithium sulfide, an
intercalation compound including hithium, or a hithium-containing compound
such as lithium phosphate compound. Among the materials above, a
complex oxide including lithium and a transition metal element, or a

phosphate compound including lithium and a transition metal element is



above-described complex oxide is substituted with another metal element
(such as aluminum or magnesium (Mg)) or a core-shell type complex
oxide having a lithium cobalt complex oxide core and a surface covered
with a compound including nickel, manganese, fluorine or the like.
Specific examples of the phosphatel@gompound including lithium and a
transition- metal element are lithium iron phosphate (LiFePO4) compound
and lithium iron manganese phosphate (LiFel-,Mn.PO4 (O<u<1))
prefonatdend IThsctithdde, materiairtabtbie ohiludaingtaled exomaetizge among
lithium 13 may also be other metal compounds or polymers. The other
cohabitdiCodmpolints man gonexaniMe) osties susds titanivamastidgen (V), and
vanadium oxide, and manganese dioxide, and disulfides such as titanium
titapitde 4A8 wolybdeansiiinanthel pollymend de rfexablple, A chemical
polyaniline and polythiophene. The electrical conductor included in the
forpaiady sbtiva atatetiald syarr e dsasofaxanpied g .chiddd Braek Li,MITPO4.
amorphous carbon particles, vapor-grown carbon, or a carbon nanotube.

In the éerBodtaddisanst Miéﬁrp}g,l@fﬁa@m@bmww atetytarid Backaetal
Amorphous carbon particles are, for example, needle coke. The binder is,
eleppeakampialyssiyeingliaedestivbiies; batpdtebrekatgiate eadoperaesing

usingd?t least two types among vinylidene fluoride, '

stadhlofdhin ey et P ek tovoprpyithandifvarsdit{lene, and

ethylene; ethylene-propylene-diene ternary copolymer; styrene
-butadiepraiighpsrmadaropftriba feRRBkE nbBae: AnslbfiBBetdiym and a

compound classified as an engineering plastic, such as OJ imide resin.
transition-metal element are lithium cobalt complex oxide (LixCoO»), lithium

nickel complex oxide (LixNiOg), lithium nickel cobalt complex oxide
(LixNi1-.C0.02 (0<z<1)), lithium nickel cobalt manganese complex oxide
(LigNit-v-wCosMnwO2 (O<v<1, O0<w<l, and v+w<1)), and lithium manganese
complex oxide having a spinel structure (LiMn204. The complex oxide
including lithium and a transition-metal element may also be, for example, a
complex oxide in which a part of the transition-metal element included in the
above-described complex oxide 1s substituted with another metal element
(such as aluminum or magnesium (Mg)) or a core-shell type complex oxide
having a lithium cobalt complex oxide core and a surface covered with a
compound including nickel, manganese, fluorine or the like. Specific
examples of the phosphate compound including lithium and a
transition-metal element are lithium iron phosphate (LiFePOs compound
and lithium iron manganese phosphate (LiFe;- Mn,PO4 (0<u<1)) compound.

The cathode material capable of inserting and extracting lithium



The anode 22 has, for example, an anode active material layer 22B

provided on both surfaces of an anode current collector 22A, the anode

current collector 22A having a pair of opposing surfaces. The anode active

material layer 22B may also be provided on one surface of the anode

current collector 22A. The anode curgent collector 22A is preferably made

of a material having favorable electrochemical stability, electric

conductivity, and mechanical strength. The anode current collector 22A is
mapyrefdrablpenadbof Iedahetabmatends sach peleopper (Clhaickdicor metal

stainless steel. Among the materials, the anode current collector 22A is
compreferatiyameadercicoppée, bsvlesednhmeltideriv sondyoiritydsadhiovedide,

The anode active material layer 22B includes as an anode active material
andithenpgenype choyider noré gasedlolemotiechateridid cabablewnflfide and

inserting and extracting lithium serving as the electrode reactant. The
maodrbderavty esimdeial [d)er 2R 2lsTeindior ecanmiplstriczt semdlioer and

a binder, a viscosity modifier, or the like according to need. Charging
polsapaerestehe anode material capable of inserting and extracting lithium

is preferably greater than the charging capacity of the cathode 21. The

anodd heatéeririepasiadbicheetantdad axthetirghademcEyomalenidayer

a material that may insert and extract lithium and has at least one ofa
21 et eléferftadilanetallsritbrimebtask an arerBhPYsecor Bpranpasticles,

material described above is preferable because high energy density is
VapRHIBLENIT K8 kesde Faterfatibely Jaadithte subbtanchan albgchr i, for

compound of a metal element or a metalloid element. Alternatively, the
eX%wé)@, mitepbitap askielehedrdndreebrsses thlavdor at foaerpheats, FTREbon

particles are, for example, needle coke. The binder is, for example:
polyvinyhidene fluoride; polytetrafluoroethylene; a copolymer using at least
two  types among vinyvlideme  fluoride, chlorotrifluoroethylene,
hexafluoropropylene, tetrafluoroethylene, and ethylene;
ethylene-propyvlene-diene ternary copolymer; styrene-butadiene rubber:
acrylonitrile-butadiene rubber; fluororubber; or a compound classified as an
engineering plastic, such as polyimide resin.

The anode 22 has, for example, an anode active material layer 22B
provided on both surfaces of an anode current collector 22A, the anode
current collector 22A having a pair of opposing surfaces. The anode active
material layer 22B may also be provided on one surface of the anode current
collector 22A. The anode current collector 22A 1s preferably made of a
material having favorable electrochemical stability, electric conductivity, and

mechanical strength. The anode current collector 22A is preferably made of



alloy in the invention includes an alloy containing one or more types of the
metal elements and one or more types of the metalloid elements, in
addition to an alloy composed of two or more metal elements. Moreover,
the alloy in the invention may contain a nonmetallic element. A texture of
the alloy may include a solid solutioh4 a eutectic crystal (eutectic mixture),
an intermetallic compound, or a coexistence of two or more types among
the 15 solid solution, the eutectic crystal (eutectic mixture), and the

a Myethianne Ao bRt cTRieFEtal e laiakal onietadsg BNt Among the
composing the anode material is, for example, a metal element or a
mwﬁﬁléidtg@namd@aﬁaﬁ@@ ?ﬁﬂmﬁ’fﬁ%ﬁz3&9%%@%@]@43’8@@&%8%@@“
the metal element or metalloid element is magnesium, boron (B), )
begaysfniah gmetFHecandrarRRe ankisnedi), Jdmanris @seygfmaterial
(Sn%, lead (Pb), bismuth (Bi), cadmium (Cd), silver (Ag), zinc (Zn),
lasiearariiaghy %ﬁm%ww R tERRkRihersthe e [stptonore
the like. Among the elements, at least one of silicon and tin is particularly
EyRSrerd ARl BaaredadticaRaa fif HeeRighR) shabisast ngetithitan petving

extracting lithium, high energy density is achieved. An anode materia
iﬁ'%‘@n fi

: I
as gL Al e SRR OREbT s AL DR QEfhHeD may also
. Substance, an alloy, or a.compound of tin; a simple substance, an alloy, .
mfivgecamp@&ﬁwﬂﬁnmwarmat Byt g RO B BRIbhgkeqr the like
thereof at least ip part. Each of the above may be used alone, or a
ACELHNE) 1Rer0H iy LR FBHBINaRoN. P RO D HLERA, fapable of

example, an alloy contair]dm at least one, type selected frog1athe gro

in%?d'ﬁyst?ﬁiﬁé) f ERtRckag: ié.}l’qrdﬁ,eg%f'gl‘xfet greater than the gﬁarging
capacity of the cathode 21.

The anode material capable of inserting and extracting lithium is, for
example, a material that may insert and extract lithium and has at least one
of a metal element and a metalloid element as an element. Use of an anode
material described above is preferable because high energy density is
achieved. The anode material may be a simple substance, an alloy, or a
compound of a metal element or a metalloid element. Alternatively, the
anode material may have one or more phases thereof at least in part. The
alloy in the invention includes an alloy containing one or more types of the
metal elements and one or more types of the metalloid elements, in addition
to an alloy composed of two or more metal elements. Moreover, the alloy in
the invention may contain a nonmetallic element. A texture of the alloy
may include a solid solution, a eutectic crystal (eutectic mixture), an

intermetallic compound, or a coexistence of two or more types among the



manganese (Mn), zinc, indium, silver, titanium (Ti), germanium, bismuth,
antimony (Sb), and chromium (Cr) as a second element, in addition to
silicon. An alloy of tin is, for example, an alloy containing at least one type
selected from the group consisting of silicon, nickel, copper, iron, cobalt,
manganese, zinc, indium, silver, titadium, germanium, bismuth, antimony,
and 16 chromium as a second element, in addition to tin. A compound of
silicon or a compound of tin is, for example, a compound containing
solskygbutisisarbere Meetih cvpstiek femtatde congtwtemevdhitie Hataematallic
in addition to silicon or tin. In particular, the anode material containing at
cofgastahe of silicon and tin is preferably, for example, an anode material
having a second element and a third element, in addition to tin serving as
a first&temastalrid svesid elemataiboat |calsmapptty prrzRstid fpn tode
group consisting of cobalt, iron, magnesium, titanium, vanadium (V),
magpramhitimfonarsaneke, anterénlcdsprantine, yanrirtloirkstimanhistrihle of
(ATb), molybdenum iMo), silver, indium, cerium (Ce), hafnium, tantalum__
forprngtangstiay (Wi holsHum - anepsiitnnivhd i efah e nt Ragiehadloid
type selected from the group consisting of boron, carbon, aluminum, and
elembnér%a@%uahfﬁz%wsfﬁ i@iﬁfﬁﬁ@x}%mk&%ﬂ@%f@@&lﬁﬁfﬁéﬂ (In),

second element and the Féhird e enfnt. Th ode materi I,'bs prefer_ably@
.

siliegrsheile GRTARARGURRISHRL tHRdSE é?@-é%r?{gihﬁ%&‘ﬁﬁ%} AT Cd),
__cobalt, and carbon as elements, _Carbon content in the CoSnC-containin
S ’isZWﬂwEZE)ra}h@@ﬁHﬁﬂ KRS 5T D) xtﬁam@ri elpplladium
(P(%?ki)alggiong}g t{Jlg%l,ogrtiir:]haenh %C?bagmong the elements, at least one of silicon
and tin is particularly preferable. Because silicon and tin are highly
capable of inserting and extracting lithium, high energy density is achieved.

An anode material containing at least one of silicon and tin is, for
example: a simple substance, an alloy, or a compound of tin; a simple
substance, an alloy, or a compound of silicon; or a material having one or
more phases thereof at least in part. Each of the above may be used alone,
or a plurality thereof may be used in combination.

An alloy of silicon is, for example, an alloy containing at least one
type selected from the group consisting of tin, nickel, copper, iron, cobalt (Co),
manganese (Mn), zinc, indium, silver, titanium (T%), germanium, bismuth,
antimony (Sh), and chromium (Cr) as a second element, in addition to silicon.
An alloy of tin is, for example, an alloy containing at least one type selected

from the group consisting of silicon, nickel, copper, iron, cobalt, manganese,

zine, indium, silver, titanium, germanium, bismuth, antimony, and



(Co/(Sn+Co)) is within a range from 30 wt% to 70 wt%. In such a
composition range, high energy density is achieved and superior cycle
characteristics are achieved. The CoSnC-containing material may further
include other elements, 17 according to need. The other elements are
preferably, for example, silicon, ironjgickel, chromium, indium, niobium,
germanium, titanium, molybdenum, aluminum, phosphorus, gallium,
bismuth, and the like. The CoSnC-containing material may include two or
chrporaimpes oftrerdelensiemenidsbbanstodapacitance characteristics or
cycle characteristics is further improved. The CoSnC-containing material
has a‘pireserinundiny tisllicobaler ahdceatbernThebHareipreferabiyamanla. a
low crystalline structure or an amorphous structure. In the
coBpIHTL conttliningnaaterigent leascarban-of chlisorrbergrdpasritethesgcond
is preferably bonded to a metal element or a metalloid element serving as
elezpemianalehrertchekedisratidAibioey boesidisaimetetidtics may be considered
to be caused by cohesion or crystallization of tin and the like. As a result
of catb Hifheiatotiie annsiceaionas e icanEat A loletystameatfofilicon
may be suppressed. In addition to the above-described anode materials,
anthddhddePredtenbl afeib exsrmalent fd apsedardemigritdivhrigngra second
example, a carbon material. The carbon material is, for example,
elegpgmbiikble ERiBdRlBALraphRZaHIOBAD AN GregMAPHItRS 1A Heskrsapent.
material, a change in a crystalline structure due to insertion and

Theipsershelt MARINSSUARREhtaIe tTRErstdeteHd b bhensaHRransisting of

preferable because, for example, when the, )
cobalt, iron, magnesium, titanium, vanadium (V), chromium, manganese,

nickel, copper, zinc, gallium, zirconium, niobium (Nb), molybdenum (Mo),
silver, indium, cerium (Ce), hafnium, tantalum (Ta), tungsten (W), bismuth,
and silicon. The third element is at least one type selected from the group
consisting of boron, carbon, aluminum, and phosphorus. Cycle
characteristics is improved through inclusion of the second element and the
third element.

The anode material is preferably a CoSnC-containing material. The
CoSnC-containing material contains tin, cobalt, and carbon as elements.
Carbon content in the CoSnC-containing material is within a range from 9.9
wit% to 29.7 wt%. A percentage of cobalt to the total of tin and cobalt
(Co/(Sn+Co)) is within a range from 30 wt% to 70 wt%. In such a
composition range, high energy density is achieved and superior cycle
characteristics are achieved.

The CoSnC-containing material may further include other elements,



carbon material is used in combination with another anode material, high
energy density is achieved and superior cycle characteristics are
achieved. Moreover, the carbon material may also function as the
electrical conductor. 18 The anode material capable of inserting and
extracting lithium may also be, for example, a metal oxide or a polymer
compound that is capable of inserting and extracting lithium. The anode
materials may be used in combination with the above-described other
accandtieentateriads. Thhartaerodams foragapupler ably.oftdtexamelsiuplicon,
oxide, or molybdenum oxide. The polymer compound is, for example,
iropolyatiekadne, Bulgariiine, ortsbiypyrrolkloDRBIB|ectaeBI I Btor titanium,
included in the anode active material layer 22B is, for example: graphite;
mobehdnaim op BarbreropBeEito ey Gellipitbhswardormafothophds: The
resin carbide such as phenolic resin and crystalline cellulose; partially
CogabusptaeiBom Harall man de dekt vie ety aneusiare o @drbbp above
material such as pitch-based carbon fiber, PAN-based carbon fiber,
elegrgphttesai setfe BREKD GapeRaiacATEaksen Oary elrbehasastitistics 1s
The materials may be used alone, or a plurality of materials may be used
unthes HBRERISAL A metal material, a conductive polymer, or the like may
be used as long as the material has electric conductivity. The binding
includeRrifwensaa adniasmmatanial dasor ghase dosiing Hdipbalt,
similar to that used in the cathode active magerial layer 21B. The viscosity
angh GaRMs, foMExRRHIE, BAPBBAMEIRATAIIRECH bR aibfugure or an
separates the cathode_21 and the anode 22. The separatf)r 23 allows

P 4
amAERRAYSHE Y HLE while theVeRting dpépiusmaterial, at least a part of

carbon serving an element is preferably bonded to a metal element or a
metalloid element serving as another element. Deterioration of cycle
characteristics may be considered to be caused by cohesion or crystallization
of tin and the like. As a result of carbon bonding to the other element, such
cohesion or crystallization may be suppressed.

In addition to the above-described anode materials, the anode
material capable of inserting and extracting lithium is, for example, a carbon
material. The carbon material is, for example, graphitizable carbon,
non-graphitizable carbon, or graphite. In the carbon material, a changeina
crystalline structure due to insertion and extraction of lithium is very small.
Therefore, the carbon material is preferable because, for example, when the
carbon material is used in combination with another anode material, high
energy density 1s achieved and superior cycle characteristics are achieved.

Moreover, the carbon material may also function as the electrical conductor.



circuit caused by contact between both electrodes. The separator 23 is
made of, for example, a porous film made of a synthetic resin such as 19
polytetrafluoroethylene, polypropylene, and polyethylene, or a ceramic
porous film. The separator 23 may have a structure in which two or more
types of the above-described porousl&élms are layered. Among the porous
films, a porous film made of polyolefin is preferable because the porous
film is highly effective for preventing short circuits and safety of the
battehatvitdie dnatasabicineh leffeltnsdniprsvetd| axpamidiag lithium may
polyethylene is preferable because the shutdown effect may be achieved
alsathetdpperamiewatite idapdgromalpolc me 1 Som Py dtiynes sreable of
has superior electrochemical stability. Polypropylene is also preferable. In
insgytifisnandsirinacisncopuhenized WithassijetHprirsisipoppropylenecd n
or blended with polyethylene or polypropylene may be used, as long as
conHunasiamhasitéhdhrcabsrmasomtiethar fREeteTIms separatgretal
23 is preferably coated with a polymer compound, such as a copolymer of
oxidexifiubso ek aFen sy e B AE cen&Xa epynexide.
and vinylidene fluoride. Because adhesion to the electrodes improves,
ThintdrplamAssistaieR GEe d8esiODRERIRIE th@ PIyFEEY edRpditganiline, or
described above, the polymer compound may be, for example:
p‘)]ﬁé’l&/’?é’ﬁ%uoroethylene; a copolymer using at least two types among
vinylidene fluoride, chlorotrifluoroethylene, hexafluoropropylene, .
tetrafitibfoelpisisal sAndisranidicBiAGbR-PRs TR dietuGenplgrial layer
copolymer; styrene -butadiene rubber; acrylonitrile-b_gtadiene rubber;

22%&0?85@??&%%%@8%%@%%&1&% gp, carboniferous coke; petroleum

pitch; carboniferous pitch; resin carbide such as phenolic resin and
crystalline cellulose; partially carbonized carbon material; furnace black:
acetylene black; or carbon material such as pitch-based carbon fiber,
PAN-based carbon fiber, graphite fiber, Ketjen black, vapor-grown carbon,
and carbon nanotube. The materials may be used alone, or a plurality of
materials may be used in combination. A metal material, a conductive
polymer, or the like may be used as long as the material has electric
conductivity. The binding included in the anode active material layer 22B is,
for example, a material similar to that used in the cathode active material
layer 21B. The viscosity modifier is, for example, carboxymethyl cellulose.
The separator 23 separates the cathode 21 and the anode 22. The
separator 23 allows lithium ions to pass while preventing current short
circuit caused by contact between both electrodes, The separator 23 is

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



engineering plastic, such as polyimide resin. The above-described
polymer 20 compounds may be used alone, or a plurality thereof may be
used in combination. A material having a high heat capacity, such as
aluminum oxide (alumina) may be combined with the above-described
polymer compounds and used. The Separator 23 is impregnated with the
electrolytic solution serving as a liquid electrolyte. The electrolytic solution
contains, for example, a solvent and an electrolyte salt dissolved in the
pokdkiend] ToenstiNdenincindbpaoiedsnencaofdnmsdietbalboaat@contaisirgmic
a halogen and an ester carbonate containing an unsaturated bond. A
poreagingnis fofie derrtireurdcaapfhrecatidtectarana thh aode@2r more
Therefore, decomposition of the electrolytic solution is suppressed and
tyRfischiide éé@ﬁ@if&@@é@%ﬂé&ﬁ%d@b%@@@@éﬁ@ﬁder igkong the porous
temperature storage. In particular, the above-described coating
filmsp sroosesyddonipesitor ppiveleiomatebrpoarerrnsdddnrprous film
~ cathode 21, in addition to the decomposition of the electrolytic solution. In
is thighkhselivpena barrorimnaremdtiertorkouy ard smimbrpiothe Rattery
coating, the coating formed on the surface of the cathode 21 becomes ]
atipibreted|itp wé}érg@ya&%@ﬁbdéiﬂm%w% eléBtipNtitcubntiee agEhylene is
aromatic compound is further suppressed. As a result, the discharge
prefasabily beeaksstibeshigay detfestenandihedveidthie antipimsyature
function is further sustained even if the battery is repeatedly charged and
Withigh & gEnRAoravEr IWRER the dhtic dothpddwlerustigonhas superior
combination with the ester carbonate_containing a halogen and the ester

electpogharmieahiatigiBh ufRER 58kd thalso preferable. In addition,

resin that is copolymerized with polyethylene or polypropylene, or blended
with polyethylene or polypropylene may be used, as long as the resin has
chemical stability.

In particular, the surface of the separator 23 is preferably coated
with a polymer compound, such as a copolymer of hexafluoropropylene and
polyvinylidene fluoride or hexafluoropropylene and vinylidene fluoride.
Because adhesion to the electrodes improves, internal resistance decreases.
Other than the polymer compounds described above, the polymer compound
may be, for example: polytetrafluoroethylene; a copolymer using at least two
types among vinylidene fluoride, chlorotrifluoroethylene,
hexafluoropropylene, tefraﬂuoroethylene, and ethylene;
ethylene-propyvlene-diene ternary copolymer; styrene-butadiene rubber:
acrylonitrile-butadiene rubber; fluororubber; or a compound classified as an

engineering plastic, such as polyimide resin. The ahove-described polymer



21 discharge capacity becomes significantly less likely to decrease as a
result of a synergistic effect of the combination, even if an aromatic
compound is included that, when alone, causes decrease in discharge
capacity. The ester carbonate containing halogen preferably includes
fluorine as the halogen. A more solildcoating is formed, compared to the
case that other halogens are included. An ester carbonate containing
fluorine is, for example, a cyclic carbonate or a chain carbonate.. The .
corppendarbBrmatels Ashsbralardidkotaridiprakigy thereof may be used in
4 5-difluoro-1,3-dioxolane-2-one, 4,4,5-tetrafluoro-1,3-dioxolane-2-one,
comb;}y;g;{g{rafﬁoﬁaba@glalohgmgohgh heat capacity, such as aluminum
A-diflugromethyl1,3-dioxolane-2-one, or the like. The chain carbonate is
oxiffgor GV e R alSoretB IR HiBro by pbass arsTHhthypolymer
(2-f|uoroetr%/ql[) carhonate, his (2-fluoroethyl) carbonate, fluoropropyl methyl
COTRRBMMAR #ieflke. The ester carbonates may be used alone, or a
plurality thereof may be used in combinatign. Among the ester _ )
carbohBfesSeRIEAEH oré om-]rmar&a{@-fda@xav%-ég%e@;lsﬁafolytlc solution

4,5-difluorg-1,3-digxolane-2-ane is preferable because a sufficiently solid
Serafaaﬁr@siéﬁa 9%%@3&%?3&13?58 sV esalanRoBtatsidor example,

preferable pecayse 4,5-difluoro-1,3-dioxplane-2-one is readily available
PG é‘ﬂwSli‘éC%‘F%%aﬁﬁg@%ﬁBi‘fﬁé)&%ﬁ Rolvent.

Sl dochie 2 ap e s ot R e e
haﬁ)xg%nrﬂ'lpell%’dz a%n ester carbonate containing an unsaturated bond. A coating
1s formed on the surfaces of the cathode 21 and the anode 22. Therefore,
| decomposition of the electrolytic solution is suppressed and discharge
capacity does not easily decrease even under high temperature storage. In
particular, the above-described coating suppresses decomposition of the
aromatic compound included in the cathode 21, in addition to the
decomposition of the electrolytic solution. In this case, when a part of the
aromatic compound also similarly forms a coating, the coating formed on the
surface of the cathode 21 becomes more solid. Therefore, decomposition of
the electrolytic solution and aromatic compound 1s further suppressed. Asa
result, the discharge capacity becomes less lhikely to decrease, and the
overcharge inhibition function 1s further sustained even if the battery is
repeatedly charged and discharged. Moreover, when the aromatic

compound is used in combination with the ester carbonate containing a

halogen and the ester carbonate containing an unsaturated bond, the



vinylene carbonate, vinylene (4,5-diphenyl) carbonate, vinylethylene
carbonate, arylmethyl carbonate, or diallyl carbonate. The ester
carbonates may be used alone, or a plurality thereof may be used in
combination. Among the ester carbonates, vinylene carbonate is
- preferable because a sufficiently solidl coating is formed. The solvent may
include another solvent (for example, a nonaqueous solvent such as an
organic solvent) with at least one of the above-described ester carbonate
disebangningra bidlo feroamer ssestitgrdinte sohtamhtrate arsatupstadresult of
bond. Other solvents are, for example, cyclic ester carbonates, chain
a peershtberrdiest (yiclibestembimalivasters tyidliovthersnehigircethppsind is
organic solvents containing sulfur (S) as an element, nitriles, and
incufsshihes Whercpiioesereiiasatssais Bierapleariisne
carbonate, propylene carbonate, butylene carbonate, and
4 5-dibherfiteacarheaie-cBhENTRS Balngesereintiiiéacnsemfluorine
example, dimethyl carbonate diethyl carbonate ethylmethyl carbonate,
as dhfdpglegaBon ReoithpyreiRsh icoamet eareprEad enthei-easeyhat
carbonate. The cycllc esters are, for example, y- butyrolactone and
otheydiatesasiaenmelenanh esters are, for example, methyl acetate, ethyl
acetate, propyl acetate, methyl propionate, and ethyl propionate. The
cyclchéth%‘fgeéréJ SR I TSR RS - Ate thg et SFUrancy clic

tetrahydropyran, 1,3-dioxolan, 4-methyl1,3-dioxglan, 1,3-dioxane, i
cavhona|-1 4 dloﬁanéhé‘ﬁ’éj 1, §3d@?ik?t§1/%xole Trﬁé%haﬁY%]tWers‘?r@‘?Blaﬁ% 18

example, 1, 2-dimethoxyethane, 1, 2-diethoxyethane, diglyme, triglyme,
4-fluoro* 1 3-dioxolane-2- oyne 4?/ difl uorogly8 dloxgléne -2-one,

4,4,5-tetrafluoro-1,3-dioxolane-2-one, 4.4,5,5-tetrafluoro-1,3-dioxolane-2-one,
4-difluoromethyl-1,3-dioxclane-2-one, or the like. The chain carbonate is
fluoromethyl methyl carbonate, ethyl (2-fluoroethyl) carbonate, methyl
(2-fluoroethyl) carbonate, bis (2-fluoroethyl) carbonate, fluoropropyl methyl
carbonate, or the like. 'The ester carbonates may be used alone, or a
plurality thereof may be used in combination. Among the ester carbonates,
at least one of 4-fluoro-1,3-dioxolane-2-one, and
4,5-difluoro-1,3-dioxolane-2-one is preferable because a sufficiently solid
coating is formed. In this ecase, 4,5-difluoro-1,3-dioxolane-2-one is
preferable because 4,5-difluoro-1,3-dioxolane-2-one is readily available and
forms a more solid coating. In particular, the
4,5-difluoro-1,3-dioxolane-2-one is preferably a trans isomer rather than a cis
1somer.

A ester carbonate containing an unsaturated bond is, for example,



tetraglyme, and diethyl ether. The organic solvents containing sulfur as an
element are, for example, ethyl sulfite, propane sultone, sulfolane, methyl
sulfolane, and diethyl sulfine. The nitriles are, for example, acetonitrile
and propionitrile. The carbamates are, for example, N,N'-dimethyl
carbamate and N,N'-diethyl carbamat®. The other solvents may be used
alone, or a plurality thereof may be used in combination. Among the
solvents, at least one type selected from the group consisting of ethylene
vingdepenarabapyiene varbbmee, dialighentionaarbarutg carsviataylene
and ethylmethyl carbonate is preferable. In this case, a mixture of a
cathighaliscosTieig rarkaner sonetieliorl erahmmate relblioestesicathonates
constant of e?30), such as ethylene carbonate or propylene carbonate,
maynde Bsedistenity sBlvenplrepbiniberandcorny<beniges) Bugemkination.
dimethyl carbonate, ethylmethyl carbonate, or diethyl carbonate, is
Amepctifapivere caBlOPEEaHs & el oR RARRIGHI cBrefbEality dregimise a
electrolyte salt are improved. The electrolyte salt includes, for example,
S“%%%e@ é?]thP@?mb%ést%’&%#- any light metal salts such as a lithium
salt. The lithium salt is, for. example, lithium hexafluorophosphate (LiPF6),
lithiurh BEtPeRTIRS B R NG Hstes3 DitHRGH e Hembrdts emp il [RraRagueous
hexafluoroarsenate (LIASF8) Iithsum.hexafluoroantimonate (LiSbF6), .
solERbrA AR SHIcPREABAE ERERBY| e sl it of the above-described
bis(trifluoromethanesulfonyl)imide (LIN(CF3S02)2), lithium .
estiFis EATDBRSHHRtRAERESRBSy Ambitase RLATE FESE2 PR IRARIER sgntaining an
bis(pentaflyoroethanesulfonyl)imide (Li (CZFSSOf)Z), lithium chloride
UnEAEEARR; ifPBro (‘}Eétii%%‘(‘?ﬁﬁﬁjﬁﬂr% e FIRIRIH et spiRa AT onates,

borate : . . .
chain ester carbonates, cyclic esters, chain esters, cyclic ethers, chain ethers,

organic solvents containing sulfur (S) as an element, nitriles, and
carbamates.

The cyclic ester carbonates are, for example, ethylene carbonate,
propylene carbonate, butylene carbonate, and
4, 5-diphenyl-1,3-dioxolane-2-one. The chain ester carbonates are, for
example, dimethyl carbonate, diethyl carbonate, ethylmethyl carbonate,
dipropyl carbonate, diisopropyl carbonate, dibutyl carbonate, and di-t-butyl
carbonate. The cyclic esters are, for example, y-butyrolactone and
y-valerolactone. The chain esters are, for example, methyl acetate, ethyl
acetate, propyl acetate, methyl propionate, and ethyl propionate. The cyclic
ethers are, for example, tetrahydrofuran, 2-methyltetrahydrofuran,
tetrahydropyran, 1,3-dioxolan, 4-methyl-1,3-dioxolan, 1,3-dioxane,

4-methyl-1,3-dioxane, and 1,3-benzodioxole. The chain ethers are, for



(LIB(C6H5)4), lithium bis(trifluoromethyl) tetrafluorophosphate
(LIPF4(CF3)2), lithium tris(pentafluoroethyl) trifluorophosphate
(LIPF3(C2F5)3), lithium tris (trifluoromethyl) triflurophosphate
(LIPF3(CF3)a), lithium tris(septafluoroisopropyl) trifluorophosphate _
(LiIPF3(iso-C3F7)3), lithium (septafl@droisopropyl) hexafluorophosphate
(LiIPF5(iso-C3F7)), lithium bis[oxalate-0,0"] borate, or lithium
difluoro[oxalate-0,0"] borate. The lithium salts may be used alone, or
exagnpitity thérdomeiossaidedin chisiriloryathong thelighiune saltsiglyme,
lithium hexafluorophosphate is preferable because internal resistance
tettrehemse S rdoRadhiyhebhast the keetesipie salvinireceniaipiptsuions an
is preferably within a range from 0.3mol/kg to 3.0mol/kg, and more
cleprendranrs ioRnAxarIge ¢kbil o sHistkgrerasmemtipnetheuwdtnaastranerhyl
is out of the range, ionic conductivity significantly deteriorates. Therefore,
sulfalsaeianed Hatdotbmatbnand THhe [iREHSY i e ffsmnmlachieienitrile
The secondary battery is fabricated, for example, by the followin )
ang QYIRS the fhmoa@rb@%ﬁmﬁn@rﬁy f&%iﬁé,ﬁf@@é&aﬂﬁé{%@nemﬂ
cathode active material layer 21B on both surfaces of the cathode current
cargimait h Niiedgishredemiiee mhkgigthgesoleidsomisg by used
cathode active material, an aromatic compound, an electrical conductor,
alogte o siAtEr 2atey ik 96 Prap A et e IANEThe cathode
mixture is dispersed 25 in a solvent, forming paste-like cathgde mixture

slurnA IS Ba s oluriis colletddrb 0% (oRfedWRAte Bffbdde group

mixture SRI.}Jrr er the cathode mixture slurry {s dried, compression
coqﬁﬁgﬁ)@ 65}}8 B CqFfonate, propylene carbonate, dimethyl carbonate,

diethyl carbonate, and ethylmethyl carbonate is preferable. In this case, a
mixture of a high-viscosity (high dielectric) solvent (for example, a relative
dielectric constant of £>30), such as ethylene carbonate or propylene
carbonate, and a low-viscosity solvent (for example, viscocity<1mPa-s), such
as dimethyl carbonate, ethylmethyl carbonate, or diethyl carbonate, is
particularly preferable because dissociation and ionic conductivity of the
electrolyte salt are improved.

The electrolyte salt includes, for example, one type or two or more
types of any light metal salts such as a lithium salt. The lithium salt 1s, for
example, lithium hexafluorophosphate (LiPFg), lithium tetrafluoroborate
(LiBF4), lithium perchlorate (LiClO4), lithium hexafluoroarsenate (LiAsFg),
lithium hexafluoroantimonate (LiSbFy), lithium trifluoromethanesulfonate
(LiCF3S0y), lithium bis(trifluoromethanesulfonyDimide (LiN(CF3S02)q),

lithium tris(trifluoromethanesulfonylmethide (LiC{CF35S0s2)3), lithium



anode 22 is formed by, forming for example, the anode active material

layer 22B on both surfaces of the anode current collector 22A by a

procedure similar to that for the cathode 21. Next, the cathode lead 25 is

attached to the cathode current collector 21A by welding. The anode lead

26 is attached to the anode current géllector 22A by welding. The cathode

21 and the anode 22 are then spirally wound with the separator 23 in

between, thereby forming the spirally wound electrode body 20. A tip of
bisfreetafivgedethrrssulfandlinide e Nifel:Sawe) niddnamsahlaidefBiCD,

of the anode lead 26 is welded onto the battery can 11. Subsequently, the
litbimainbuasnide elddade Bty iodideiaiod lishinerrtetpanhsmy] borate

insulating plates 12 and 13, and the spirally wound electrode body 20 and
(LiB shlpat itisbiamd primd voremee 1yl dafsaawrapriesphasey (EaREd CFs)2),

~ Next, an electrolyte salt is dissolved in a solvent including at least one of

lithhura e Ge B BRI HiNars e et (ot Garbohivdithium tris
- containing an unsaturated bond. As a result, the electrolytic solution is
(triflugusmeethnd) electrolftidl ssRipsRhkin injecte(@%%%i/g QC% tery canifpium

_The electrolytic solution impregnates the separator _23. Finally, the battery
trighpata fugiossistgRiaie HubrarapRossbate tdBETgeved I8 arelithium

fixed onto the openSng end of the battery can 11 hy being caulked with
(sepiaflusraisppranydres it XHIIOBRISR Bhftery g%@@ﬁﬁ?PF%‘FZ 1 abghium
. Fig. 2 is fabricated. When the secondary battery is charged (jjor example,
bisfiar el oh B e RO NI R RS 2 PR AT D aFa e The

__inserted into the anode 22 through the electrolytic solutiort). On the other | .
hth]éﬁa 5 thay be used alone, or plurality thereof may be used in

combination. Among the lithium salts, lithium hexafluorophosphate is
preferable because internal resistance decreases.

Concentration of the electrolyte salt in the electrolytic solution is
preferably within a range from 0.3mol/kg to 3.0mol/’kg, and more preferably
within a range from 0.5molkg to 1.omolkg. If the concentration is out of
the range, ionic conductivity significantly deteriorates. Therefore,
capacitance characteristics and the like may not be sufficiently achieved.

The secondary battery is fabricated, for example, by the following
procedure.

First, the cathode 21 is formed by forming, for example, the cathode
active material layer 21B on both surfaces of the cathode current collector
21A. When the cathode active material layer 21B is formed, a cathode
active material, an aromatic compound, an electrical conductor, and a binder

are mixed to prepare a cathode mixture. The cathode mixture is dispersed



battery is discharged, the lithium ions are extracted from the anode 22.
The lithium ions are then inserted into the cathode 21 through the
electrolytic solution. In the secondary battery, in the case where the
capacity of the anode 22 is expressed based on the insertion and
extraction of lithium, the cathode actfve material layer 21B of the cathode
21 includes an aromatic compound having three or more benzene rings,
_and the electrolytic solution includes at least one of the ester carbonate
in gorialipiy-a FBYes apesiscldecatiodhaBissREsintly AN unddtardiathode
bond. In this case, because the aromatic compound functions as the
cuigoaichargshibldr 1S He BlricHAR et hh spddedie rRdstp L RYad difber, the
because the ester carbonate containing a halogen and the ester
catbeoy RIS EBRAMEE alt uAS S ARBEAY P2 BR8N deiHE dRfced he
of the cathode 21 and the anode 22 and decomposition of the electrolytic

anede fdri i eppr B fotH Rt fap e arapltrd hirBofe ARG apiprial layer
articular, becayse the above-described coating suppresses
22 eeen#mlgmwﬁq%% gfohhstie RO SURE Y af@glﬁ‘a‘i%o?aé‘t&%p%sm&ﬁ%m
the electrolytic solution thgﬁ?vercharge inhibition function is sustained

singilap, ip et des r%gﬁ %T'ep‘e‘atedly charged and discharged. The
oueShage shrRelet s e SIEan pred AS T ALt
1A i A aogen e oo oG, e
oo R S et focteces e o s Serags,
WO%%%%Slﬁh the separator 23 in between, thereby forming the spirally wound
electrode body 20. A tip of the cathode lead 25 is welded onto the safety
valve mechanism 15. A tip of the anode lead 26 is welded onto the battery
can 11. Subsequently, the spirally wound electrode body 20 is sandwiched
between a pair of insulating plates 12 and 13, and the spirally wound
electrode body 20 and the pair of insulating plates 12 and 13 are housed in
the battery can 11. Next, an electrolyte salt 1s dissolved in a solvent
including at least one of the ester carbonate containing a halogen and the
ester carbonate containing an unsaturated bond. As a result, the
electrolytic solution is prepared. The electrolytic solution is then injected
into the battery can 11. The electrolytic solution impregnates the separator
23. Finally, the battery cover 14, the safety valve mechanism 15, and the

PCT device 16 are fixed onto the opening end of the battery can 11 by being

caulked with the gasket 17. As a result, the secondary battery shown in Fig.



decrease in discharge capacity. Therefore, the storage characteristics
significantly improve. Moreover, when the aromatic compound is included
in the cathode, decomposition of the aromatic compound is less likely to
occur when the battery is being charged and discharged, compared to the
case that the aromatic compound i2fhcluded in the electrolytic solution.
As aresult, the storage characteristics are improved. Therefore, because
the storage characteristics and the overcharge characteristics are both
1 amsbFiged, I5daPEeaiEge characteristics and overcharge characteristics
may be ensured. In particular, if the content of aromatic compound in the
cathoWfdeactibe rraeakmspattary iswhangadafgeremme Hibiwgngions are
wt%, the discharge capacity becomes further less likely to decrease. .
extragiedofeonhéhaisraedharacterRe diHahioni AL iMprolaeNirginto the
second and third embodiments will be described. Elements that are the
anedengadhreughhdbsrdiltgrintinr e BHosdimeR: he githerihandnyghen the
reference numbers. Explanations thereof are omitted. Second
battpBotinfthebattbn Bt B0 S sRES iFEIABSEn{EAh AR S anode 22.
structure, an operation, and an effect similar to those according to :[he first

ThembtakENLPS &tcephitiat iRE6de B8haths ditthatestekutiyopsd the

battery according to the second embodiment is also fabricated by a
elegttebditsdtial 1o that according to the first embodiment. Like the

battery according to the first embodiment, the anode 22 has the apode
activd RSS2 BAS ST SReuHRes W ReCs b RGO Apode

ollector 22A. The anode active material layer 22B includes,.for
2225 expresse baseél on ﬁle insertion ami gxtractlon olilqlt?uum, the cathode

active material layer 21B of the cathode 21 includes an aromatic compound
having three or more benzene rings, and the electrolytic solution includes at
least one of the ester carbonate containing a halogen and the ester carbonate
containing an unsaturated bond. In this case, because the aromatic
compound functions as the overcharge inhibitor, the overcharge
characteristics improve. In addition, because the ester carbonate
containing a halogen and the ester carbonate containing an unsaturated
bond form a coating on the surfaces of the cathode 21 and the anode 22 and
decomposition of the electrolytic solution is suppressed, the storage
characteristics are improved. In particular, because the above-described
coating suppresses decomposition of the aromatic compound, in addition to
decomposition of the electrolytic solution, the overcharge inhibition function
is sustained even if the secondary battery is repeatedly charged and

discharged. The overcharge characteristics are significantly improved. As



example, a material containing silicon or tin as an element, the material
serving as the anode active material. Specifically, the material contains a
simple substance, an alloy, or a compound of silicon, or a simple
substance, an alloy, or a compound of tin. The material may contain two
types or more of the above. The an@de active material layer 22B is
‘formed using a vapor-phase deposition method, liquid-phase deposition
method, spraying method, firing method, or a combination of two or more
a mewiddef THreanyoergstive achtenalbpyéhe2poankitsdianodé direertromatic
collector 22A are preferably alloyed at at least a portion of an interface
contoubénveish. Spectiitallycitrieoppdferedieabainteslbmeaenf tiedanbegeester
current collector 22A is diffused in the anode active material layer 22B, at
canheripterigtt tiniapetwaansanesfed e dhshel ahrahasth cafodey detvemes
material layer 22B is diffused in the anode current collector 22A.
signitaeaaileethdideln dintslortre snedenaumie mhiahat tayee prRHn G ipra ge,
anode current collector 22A are mutually diffused. As a result, damage
regaueassyf ehpavsirm e emmorab e 1aglade déhoé, henlpgrercauses
22B, due to charging and discharging, may be 29 suppressed. Electric
de%ﬁﬁﬁctﬁty%é@%@é%ﬁth@ﬁﬁé%-actfﬁb@ﬁ Fral [Byer PomaEnd tharasbestics
_current collector 22A may be improved. The vapor-phase deposition
signdiraatly 1srsernpMRTNGEar BepoEfo R IPEAbA srmRpBRtlcE included
_deposition method. Specifically, the vapor-phase deposition method is a
in {he gakhedapBesnBrPRTtHIY Pgtéwf@%t%ﬁéﬂ#aa?aﬁw atngalstoaccur

a laser ablation method, a thermal chemical vapor deposition (CVYD)
whenibag P&Tﬁﬁﬁfrﬁé ]@y@gﬁl}éﬂ;{g&d&nd discharged, compared to the'case that

the aromatic compound is included in the electrolytic solution. As a result,
the storage characteristics are improved. Therefore, because the storage
characteristics and the overcharge characteristics are both improved, both
storage characteristics and overcharge characteristics may be ensured.

In particular, if the content of aromatic compound in the cathode
active material layer 21B is within a range from 0.1 wt% to 3 wt%, the
discharge capacity becomes further less likely to decrease. Therefore, the
storage characteristics may be further improved.

Next, second and third embodiments will be described. Elements
that are the same as those according to the first embodiment are given the
same reference numbers. Explanations thercof are omitted.

Second Embodiment
A battery according to the second embodiment has a structure, an

operation, and an effect similar to those according to the first embodiment,



the like. As the liquid-phase deposition method, a known technique such

as electrolytic plating and electroless plating may be used. The firing

method is, for example, a method in which a particulate anode active

material mixed with a binder or the like is dispersed in a solvent and

applied onto the anode current collétor. Heat treatment is then

performed at a temperature higher than a melting point of the binder or

the like. A known technique, such as an atmosphere firing method, a
exqepictibativhyanetrod? dres aolitfersnfiffnatetsed, Theyhatepeagseading to

the firing method. Third Embodiment A battery according to the third
thes gssaeneme o rasinm imetko sedunerisdodite ) ProfeAN S EapAeitjofthat

the anode 22 is expressed by deposition and dissolution of lithium. The
acopaterg fedhiingsteme i eaihbodiment has a structure similar to that

according to the first embodiment, except that the anode active material

layer s gy hastern antntinad@thmbsitenp adsarnngtieetaaepde2 has

embodiment is also fabricated by a procedure similar to that according to
thefngds esibbeimanrzd vk SeBorkmndsdianbathisiriaees o theqnode

as the anode active material. As a result, high energy density may be
curiembvaticrtiranede dchvermalsriariayerPateria %ﬁe?ay%ﬁz

at assembly. However, the anode active material layer 22B may not be .
eXAIAEnt A AASERBNCBHATARE THIRNEH O TitRidh ARaldepBbitthaymaterial

the secondary battery is charged. The anode active material layer 22B |
SRR ASOIHE ARG LSIETROM B ctoP RABHERS Mo S BiRd dentains a
. current collector 22At1 ‘be omitted. When the secondary battery is
Sl%ﬂ&’rg%&%ﬂl%lﬂﬁl ,?ﬂﬁilﬂ]ﬁ sopempound of silicon, of a simple substance,

an alloy, or a compound of tin. The material may contain two types or more

, for

of the above.

The anode active material layer 22B 1s formed using a vapor-phase
deposition method, liquid-phase deposition method, spraying method, firing
method, or a combination of two or more methods. The anode active
material layer 22B and the anode current collector 22A are preferably
alloyed at at least a portion of an interface therebetween. Specifically, it is
preferable that the element of the anode current collector 22A is diffused in
the anode active material layer 22B, at the interface therebetween.
Alternatively, the element of the anode active material layver 22B is diffused
in the anode current collector 22A. Alternatively, the elements of the anode
active material layer 22B and the anode current collector 22A are mutually
diffused. As a result, damage caused by expansion and shrinkage of the

anode active material layer 22B, due to charging and discharging, may be



extracted from the cathode 21. The lithium ions are then deposited onto

the surface of the anode current collector 22A as lithium metal through

the electrolytic solution. On the other hand, when the secondary battery is

discharged, the lithium metal dissolves from the anode active material

layer 22B as the lithium ions. The litgum ions are then inserted into the

cathode 21 through the electrolytic solution. In the secondary battery,

when the capacity of the anode 22 is expressed based on the deposition
suppckdissblutidle dfriithtom] tha cdth bdtwaetiv hmatendkblayen2]l B atdhial layer

cathode 21 has an aromatic compound including three or more benzene
22Braysd The elevioiyuirsoiuntidieiioll 884 andpdst omgwhadester carbonate

containing a halogen and an ester carbonate containing an unsaturated

bond Thiserefores bbtrsstolagesihiaracterthiod amd buerekargele, a physical

characteristics may be ensured. Other effects related to the secondary
depegitigrarensivhitdr torthosehsithendedondaryi batteny dsebrdirtprrifiebipst the

embodiment. 31 Fourth Embodiment Fig. 3 shows an exploded
vapergpeetive depetifonf adsthed) dscordivgciovarfonrviaprmbbidimemethod, a

the battery, a cathode lead 31 and an anode lead 32 are attached to a
spapieaipaveuntherbetisde Bodylsonehansially iolagerleddaderboagdmd, a

is housed in a film-like package member 40. The battery structure using
thenmainshice sadkepomdenpeit imiéVda) caishedminpleamar Gailrengihod, or

cathode lead 31 and the anode lead 32 are, for example, respectively

theybseed Aombidaitb insridaranéipacradbofe mbapamiteghnique such as
elecfrolytie plating and electroless plating may be used. The firing method
is, for example, a method in which a particulate anode active material mixed
with a binder or the like is dispersed in a solvent and applied onto the anode
current collector. Heat treatment is then performed at a temperature
higher than a melting point of the binder or the like. A known technique,
such as an atmosphere firing method, a reactive firing method, or a hot press.
firing method, may also be used as the firing method.
Third Embodiment

A battery according to the third embodiment is a lithium metal
secondary battery in which the capacity of the anode 22 is expressed by
deposition and dissolution of lithium. The battery according to the third
embodiment has a structure similar to that according to the first
embodiment, except that the anode active material layer 22B is made of a
lithium metal. The battery according to the third embodiment is also

fabricated by a procedure similar fo that according to the first embodiment.



- same direction. The cathode lead 31 is made of, for example, a metal
material such as aluminum. The anode lead 32 is made of, for example, a
metal material such as copper, nickel, or stainless steel. The cathode lead

31 and the anode lead 32 are in the shape of a thin plate or mesh. The
package member 40 is made of a regtangular aluminum laminated film in
which, for example, a nylon film, an aluminum foil, and a polyethylene film
are sequentially bonded together. In the package member 40, for '
exanipethh spempetayiehatinrviddekite gpm@ Wwourilascthsiansggyactive
30. Each outer edge is bonded to each other by fusion bonding or an

mazapadive AR rRabbEsive g cnR g sl BN Bee FRERIGE mdhBernode
40 and the cathode lead 31 and between the package member 40 and
actiye ampkaindda s PRE dupEdire airruly praoriis b ateAnBes bltsiddamever,

The adhesive film 41 is made of a material allowing adhesion with the

the Apede AHYS TG AABeR Rl IR MbteREPRS Thradxarplably, but
polyolefin 32 resjn such as polyethylene, polypropylene, modified ,
rathel dprpah b MEaRBdBekirospented nE itk PREMSETAOIRERTY 18

include a laminated film having different structure, instead of the

chaggsde-addigiBBat R Ratetih 26k Mg treliarke ysgdras a current

tructure. Alternatively, the package member 40 may be made of a,
"O%Wre i oSue %%awebfow@fﬁe%ﬁsﬂ#e%ﬁﬁﬁ%?&%% femitted.

S S S o] oS L SOSIUD
e e e SRR e dPRoH AR hg e LHER depasited onto the
surface of the anode current collector 22A as lithium metal through the
electrolytic solution. On the other hand, when the secondary battery is
discharged, the lithium metal dissolves from the anode active material layer
22B as the lithiﬁm ions. The lithium ions are then inserted into the cathode
21 through the electrolytic solution.

In the secondary battery, when the capacity of the anode 22 is
expressed based on the deposition and dissolution of lithium, the cathode
active material layer 21B of the cathode 21 has an aromatic compound
including three or more benzene rings. The electrolytic solution includes at
least one of an ester carbonate containing a halogen and an ester carbonate
containing an unsaturated bond. Therefore, both storage characteristics
and overcharge characteristics may be ensured. Other effects related to the
secondary battery are similar to those of the secondary battery according to

the first embodiment.



anode 34 are then spirally wound. An outermost periphery of the spirally
wound electrode body 30 is protected by a protective tape 37. In the
cathode 33, the cathode active material layer 33B is provided on both
surfaces of the cathode current collector 33A. In the anode 34, the anode
active material layer 34B is providedsen both surfaces of the anode
current collector 34A. The anode active material layer 34B is disposed
facing the cathode active material layer 33B. Structures of the cathode
FogutheRichiidotosB3A, the cathode active material layer 33B, the anode
current collector 34A, the anode active material layer 34B, and the
sepafir 33hhavessimittptuospakthetathote currenticoledtian 2 & ctrding
cathode active material layer 21B, the anode current collector 22A, the
to adoddhetivbordiatendl lajerteBadtat the sefardtole2d idlthadatteapode lead
according to the first to third embodiments. 33 The electrolyte 36 is in a
- 32 sucalttachethtinoussiradlyTive wisb ebigtecdls ihetlil 89 théldlectpoiylly wound
solution and a polymer compound that holds the electrolytic solution. A
elegttasle dirolytd Osiprofaretsiel et Al Inkshrenka gomaemthity 4for eKhmprttery
imS/cm or more at room temperature) is achieved and liquid leakage is
stipdventaslmhd bolyihar dbenpoukags, foembanple: polgagryteiedldaminated
polyvinylidene fluoride; a copolymer of polyvinylidene fluoride and
strgshpexafluoropropylene; polytetrafluoroethylene;
polyhexafluoropropylene; polyethylene oxide; polypropylene oxide;
polyphBsplkazenee plapsiloxhn é,ﬂﬂgoﬂl\ﬁ n{nesktateagdol§yingradcémiol example,
polymethacrylic acid methyl; polyacrylic acid; polymethacrylic acid;

resgtopbheldarrerrdrfispe indife loutaséde of the package member 40 in the

same direction. The cathode lead 31 is made of for example, a metal
material such as aluminum. The anode lead 32 1s made of, for example, a
metal material such as copper, nickel, or stainless steel. The cathode lead
31 and the anode lead 32 are in the shape of a thin plate or mesh.

The package member 40 is made of a rectangular aluminum
laminated film in which, for example, a nylon film, an aluminum foil, and a
polyethylene film are sequentially bonded together. In the package member
40, for example, the polyethylene film faces the spirally wound electrode
body 30. Each outer edge is bonded to each other by fusion bonding or an
adhesive. An adhesive film 41 is inserted between the package member 40
and the cathode lead 31 and between the package member 40 and the anode
lead 32. The adhesive film 41 prevents entering of outside air. The
adhesive film 41 is made of a material allowing adhesion with the cathode

lead 31 and the anode lead 32. The material 1s, for example, a polyolefin



rubber; polystyrene; or polycarbonate. The polymer compounds may be
used alone, or a plurality thereof may be used in combination. In terms of
electrochemical stability, use of polyacrylonitrile, polyvinylidene fluoride,
polyhexafluoropropylene, or polyethylene oxide is particularly preferable.
Amount of polymer compound addeddo the electrolytic solution differs
based on compatibility. However, for example, an amount within a range
from 5 wt% to 50 wt% is preferable. A composition of the electrolytic
resgolutionlis similpelyetiatlenthe balvenpprbordingnodiaeilstrbisdbinhen. or
However, a solvent in this case means a wide concept including, in
mogldfitibpetyatiquiteselvent, a solvent having ionic conductivity that may
allow dissociation of the electrolyte salt. Therefore, when a polymer
compbbadifakiagdomiendrduciiitmissuseglite 3a pompinatednipeanddying
also included in the solvent. The electrolytic solution may be used as is,
diffezeaticsorubtuastedmetped 36 fhovakevveidesienber tid woitapmidaraiaaied film
the polymer compound. In this case, the separator 35 is impregnated with
hawiagleberdijeshiresnstmesacondakebanéryelyaytbe fadrlcagedpymber 40
example, three kinds of fabricating methods described below. In a first
mas eIt b thpalrr iBHexatPicl apoEemaennilar a0ushebiilpe
fabricating method of the battery according to the first embodiment is
used Fitie datibeacivernsteeatiopel 3sBvssrmedlohhpoivsithceyound
of the cathode current collector 33A, thereb;r(pforming the cathode 33. The

eleghinste ale Athehmyryer Big 3 ibaken 8i0BSRIBERECAY. ofhdhnsidrally

current collector 34A, thereby forming the anode 34. )
wound electrode body 30, the cathode 33 and the anode 34 are layered with a

separator 35 and an electrolyte 36 in between. The cathode 33 and the
anode 34 are then spirally wound. An outermost periphery of the spirally
wound electrode body 30 is protected by a protective tape 37.

In the cathode 33, the cathode active material layer 33B is provided
on both surfaces of the cathode current collector 33A. In the anode 34, the
anode active material layer 34B is provided on both surfaces of the anode
current collector 34A. The anode active material layer 34B is disposed
facing the cathode active material layer 33B. Structures of the cathode
current collector 33A, the cathode active material layer 33B, the anode
current collector 34A, the anode active material layer 34B, and the separator
35 are 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 the separator 23 in the battery according to the first

to third embodiments.



Next, a precursor solution including the electrolytic solution, the polymer

compound, and the solvent is prepared. The cathode 33 and the anode

34 are coated with the precursor solution. The solvent is then volatilized.

As a result, the gel electrolyte 36 is formed. Next, the cathode lead 31 is

attached to the cathode current colleggor 33A. The anode lead 32 is

attached to the anode current collector 34A. The cathode 33 and the

anode 34, on which the electrolyte 36 is provided, are laminated with the

separblor B dtrbbtvec8t . iFhe lamincadld cathbdenddanthdnodd B4 alectrolyte

spirally wound in a longitudinal direction. The protective tape 37 is
36 duhbrddadlihe astaxiiosce petiptiery oidhe tarhinatedoapodedghaicholds the

anode 34. As a result, the spirally wound electrode body 30 is formed.

elenaxiyttie 3®1upivally wouzel etdettodrbody 3prisiertdsrahmgsiense high ionic

- sandwiched between two film-like package members 40. The outer edges
cond issi priekige ewembées U0 Hranbonted eogethenbictaenal iusiols achieved

bonding or the like, thereby enclosing the spirally wound electrode body
anddiguithileskgethe mriesivedilm 41 is inserted between the cathode lead

31 and the package member 40 and between the anode lead 32 and the

packabjeemepshienas. Asoaneeuidtheissecdtiarg Xemely shawiyrcrgositrile;

and Fig. 4 is fabricated. In a second fabricating method, first, the cathode
polestnghidenethdlugiode lead 3oRatYFRSpediivelrarEenatltnthe dativde and

33 and the anode 34. The cathode 33 and the anode 34 are laminated
rolyhsvadluepapseadsne pelvednaftnerashinaeercatabdesaitver aprsgw lene;

34 are spirally wound. The protective tape 37 is adhered to the outermost

robsripatepor eedamirlisr aatitore 9¥48d AndRImsPAg4eResypody siloxane;

spirally wound body that is a o i
polyviny! acetate; polyvinyl aleohol; polymethacrylic acid methyl: polyaerylic

acid; polymethacrylic acid; styrene-butadiene rubber; nitrile-butadiene
rubber; polystyrene; or polycarbonate. The polymer compounds may be
used alone, or a plurality thereof may be used in combination. In terms of
electrochemical stability, use of polyacrylonitrile, polyvinylidene fluoride,
polyhexafluoropropylene, or polyethylene oxide is particularly preferable.
Amount of polymer compound added to the electrolytic solution differs based
on compatibility. However, for example, an amount within a range from 5
wit% to 50 wt% 1s preferable.

A composition of the electrolytic solution is similar to that in the
battery according to the first embodiment. However, a solvent in this case
means a wide concept including, in addition to a lhiquid solvent, a solvent
having ionic conductivity that may allow dissociation of the electrolyte salt.

Therefore, when a polymer compound having ionic conductivity is used, the



precursor of the spirally wound electrode body 30 is formed. Next, the
spirally wound body is sandwiched between two film-like package
members 40. The outer edges of the package members 40, excluding an
outer edge of one side, are then bonded together by thermal fusion
bonding or the like. The spirally wound body is housed in a pouch-like
packaging member 40. Next, a composition of matter for electrolyte is
prepared, the composition containing the electrolytic solution, a monomer
pokandmgan povask imaleviahfdndae polhmeoteemound, a polymerization
initiator, and, if necessary, other materials such as a polymerization
inhibitbhe e doplpusitiohigdnjentad bintesthe o ichtike pdokatfembrmbelyte
40. The opening of the package 36 member 40 is then sealed by thermal
36fimionhbomding eletiedlkéicRndliviothe mehdrhertibaherinallyrpolymenizet, In
thereby forming the polymer compound. Thus, the gel electrolyte 36 is
thippasel. the aepstittahssscontaegbatestyis abhicaledtvatyitiaelution.
above-described first method, in a third method, a spirally wound body is
formellnechondedyib aitcgpunhyike pabkagéatdmbet 402 Mpleevbreth&inds
third method differs from the first method in that the separator 35 of which
of Frhmiearince afbatratedanitie theadowmer compound is used. The
polymer compound applied onto the separator 35 is, for example, a
polyni&y il {ahyieriBd meride ds Brsbldaterxame Isolgrvepprdvgeisimilar
other words, a single polymer, a copolymer, or a multicomponent
to iy e the pdifcalyntheptibatkerdoitso it eroregardphg to the first
polyvinylidene fluoride, a binary copolymer, or a ternary copolymer.
enphafiEigin thesshary BepEihadeansiivg materirbltieBrpb is formed on

hexafluoropropylene. Elements in )
both surfaces of the cathode current collector 33A, thereby forming the

cathode 33. The anode active material layer 34B is formed on both surfaces
of the anode current collector 34A, thereby forming the anode 34.

Next, a precursor solution including the electrolytic solution, the
polymer compound, and the solvent is prepared. The cathode 33 and the
anode 34 are coated with the precursor solution. The solvent is then
volatilized. As a result, the gel electrolyte 36 is formed. Next, the cathode
lead 31 is attached to the cathode current collector 33A. The anode lead 32
1s attached to the anode current collector 34A. The cathode 33 and the
anode 34, on which the electrolyte 36 is provided, are laminated with the
separator 35 in between. The laminated cathode 33 and anode 34 are
spirally wound in a longitudinal direction. The protective tape 37 is
adhered to the outermost periphery of the laminated cathode 33 and anode

34. As a result, the spirally wound electrode body 30 is formed. Next, the



the ternary copolymer are vinylidene fluoride, hexafluoropropylene, and
chlorotrifluoroethylene. The polymer compound may include one type or
two or more types of other polymer compounds in addition to the
above-described polymer having vinylidene fluoride as an element. Next,
the electrolytic solution is prepared a#d injected into the package member
40. The opening of the package member 40 is then sealed by thermal
fusion bonding or the like. Finally, the package member 40 is heated
spiniile avioaddislepptieletbeds Sackagimenaep U0, SPinsivaphedidresFésn two
adhered to the cathode 33 and the anode 34 by the polymer compound.
filmdikeasankage 3rewlberrofiflic SBheiontnrrdgnateltine polage members 40
compound. The polymer compound becomes gelatinous, and the
arekondigd smibtsrhvethoxsna kduaipnthendven authedifery ihdaehic aeelosing
In the third fabricating method, swelling characteristics are improved,
the gripatha wuidfielt qandeatingy niBthodt 1khisetinmel fdrriedegivrefilbn, 41 is
~compared to the second fabricating method, only slight amounts of the
mseiREntstimacn e beadadatdent oBthapdiyiher paskssienapemebsaivht and
and the like remain in the electrolyte 36, and a formation procedure for
betetp ihteraorhoemd 2 randribr papkogederebero suffiartesult, the
bonding is achieved among the cathode 33, the anode 34, the separator
secgRdaty It EEIFBIOTEEE! Oiserations Bivd dredabsiantethminated-type
secondary battery are the same as those of the secondary battery
according tPase e tarsp b ant thadmiprss. ébwﬁé*@e‘énﬁ%@ orlrfend the

invention will be described in detail.
anode lead 32 are respectively attached to the cathode 33 and the anode 34.

The cathode 33 and the anode 34 are laminated with the separator 35 in
between. The laminated cathode 33 and anode 34 are spirally wound. The
protective tape 37 is adhered to the outermost periphery of the laminated
cathode 33 and anode 34. As a result, a spirally wound body that is a
precursor of the spirally wound electrode body 30 is formed. Next, the
spirally wound body is sandwiched between two film-like package members
40. The outer edges of the package members 40, excluding an outer edge of
one side, are then bonded together by thermal fusion bonding or the like.
The spirally wound body is housed in a pouch-like packaging member 40.
Next, a composition of matter for electrolyte is prepared, the composition
containing the electrolytic solution, a monomer serving as a base material for
the polymer compound, a polymerization initiator, and, if necessary, other
materials such as a polymerization inhibitor. The composition is injected

into the pouch-like package member 40. The opening of the package



Example 1-1 The laminated-film secondary battery shown in Fig. 3 and
Fig. 4 was fabricated using silicon as the anode active material. The
secondary battery was fabricated as a lithium ion secondary battery in
which the capacity of the anode 34 is expressed based on insertion and
extraction of lithium. The cathode 33avas formed first. First, lithium
carbonate (Li2CO3) and cobalt carbonate (CoCO3) were mixed with a
molar ratio of 0.5:1. The 38 mixture was then fired in the air for 5 hours at
meQO0T, tHersbihebtaieaded fotyitimeroialtiveaepl dxoodieg(liCti®2)ike.  Finally,
Subsequently, 91 parts by weight of the lithium cobalt complex oxide
thesemyimyp awethe satfiedmadhivepvhrmeaizedpathebyhyeifitmofagaphite polymer
serving as the electrical conductor, 3 parts by weight of polyvinylidene
corfipotiadd serhibyias the bitdetlerigadyipastbys wisighe®ontdnt ia thesult, the
cathode active material layer 33B=0.1 wt%) of o-terphenyl (o-TP) serving
secqy e alshitiy dedfduterfesere mixed to obtain a cathode mixture. The
cathode mixture was then dispersed in N-methyl-2-pyrrolidone to obtain
pasteikencHisodeovastessibed, frpe n@a‘@h@deléuﬂr iedliBetdodz A, spirally
made of a strip-shaped aluminum foil (thickness of 20 m), was evenly
woasteepith shéoempd censihorseduiry. taromehckilime plras axpapRer 40,
had dried, the cathode current collector 33A was compression-molded by

Hogy poepreeivhrransimodad foes o the frgdm sldivd lmélarathgmator

_was formed. Next, silicon was deposited on both surfaces of the anode
35 whahickoettoraosseriae raaicr b soadakpsramaedrd is used.

anode current ) ,
he polymer compound applied onto the separator 35 is, for example, a

polymer having vinylidene fluoride as an element, the polymer being, in
other words, a single polymer, a copolymer, or a multicomponent copolymer.
Specifically, the polymer compound is, for example, polyvinylidene fluoride, a
binary copolymer, or a ternary copolymer. Elements in the binary
copolymer are vinylidene fluoride and hexafluoropropylene. Elements in
the ternary copolymer are vinyhdene fluoride, hexafluoropropylene, and
chlorotrifluoroethylene. The polymer compound may include one type or
two or more types of other polymer compounds in addition to the
above"described polymer having vinyhidene fluoride as an element. Next,
the electrolytic solution is prepared and injected into the package member 40.
The opening of the package member 40 is then sealed by thermal fusion
bonding or the like. Finally, the package member 40 is heated while a load
is applied to the package member 40. The separator 35 is adhered to the

cathode 33 and the anode 34 by the polymer compound. As a result, the



collector 34A being made of an electrolytic copper foil having an arithmetic
mean roughness Ra of 0.5 .xm (thickness of 15 m). The silicon was
heated and then dried in a vacuum, thereby forming the anode active
material layer 34B. As a result, the anode 34 was formed. Next, the
electrolytic solution was prepared. Ingthis case, ethylene carbonate (EC),
diethyl carbonate (DEC), and 4-fluoro-1,3-dioxolane-2-one (FEC) were
mixed to serve as the solvent. 4-fluoro-1,3-dioxolane-2-one is 39 the

eleestelyaacbenhieiconiaiingea dalogeine Lilbivmdexatupsaptibsplitie polymer
(LIPFG) serving as the electrolyte salt was then dissolved in the solvent.

coipdhattiveeothescgrivaaition ahihelsoblent{EHCDBCIEEEZphal a Meighésult,
ratio of 20:50:30. The concentration of LiPF6 in the electrolytic solution

thevasdmoldsy. Mextetlye catlideedeseti31 ims ditactiagdo fakaendngthaethod,
cathode current collector 33A. The anode lead 32 was attached to one
swehidngf thlea enadeistirreniicoliecton 844, Tharpdhedcathode: 38 rthte fabricating
separator 35 (thickness of 16 m) of which both surfaces had been coated
matlthdpolyVinylitiend fluekidés banch tivega nodé 132dwecerspguedtialy Hyeredcond
The laminated cathode 33, separator 35, and anode 34 were then wound
fabmaayinignesirhadpial fosimghtadongiudinaf directiom@ubsddusentty thee base
end of the winding was fixed by the protective tape 37 made of an
madhesive tdpe pRsmeesuiniiveisdiraly woliehbodypdaivintles eemain in the
precursor body of the spirally wound electrode body 30 was formed. Next,
elaplrdpitallpvoand boflyrwasisangwickduivetfeaehhherpdykege members] is
40 made of a laminated film. Outer edges of the package members 40,
faeusbdingot dledr edeesefore, sufficient bonding is achieved among the
cathode 33, the anode 34, the separator 35, and the electrolyte 36.
Operations and effects of the laminated-type secondary battery are
the same as those of the secondary battery according to the first
embodiment.
Examples

Specific examples of the invention will be described in detail.
Example 1-1

The laminated-film secondary battery shown in Fig. 3 and Fig. 4 was
fabricated using silicon as the anode active material. The secondary
battery was fabricated as a lithium ion secondary battery in which the
capacity of the anode 34 is expressed based on insertion and extraction of
Iithium.

The cathode 33 was formed first. First, lithium carbonate (Li2CO3)

and cobalt carbonate (CoCO3) were mixed with a molar ratio of 0.5:1. The



one side, were bonded by thermal fusion bonding. As a result, the spirally
wound body was housed in the pouch-shaped package member 40. Next,
the electrolytic solution was injected from the opening of the package
member 40, impregnating the separator 35. As a result, the spirally wound
electrode body 30 was formed. Finally, the opening of the package
member 40 was sealed in a 40 vacuum atmosphere by thermal fusion
bonding. The entire package member 40 was then heat-pressed. As a

mirgsul, @daminatefisflch sechrdaly fbattedydaving DicKhedsof o 2omidng
width of 34 mm, and a height of 36 mm was formed. Example 1-2 to 1-4

lit o ceble simitde tootateofIE Caiple 1Shiasperfayned, imexchbptwbiatht of
the o-TP content was changed to 0.5 wt% (Example 1-2), 1 wt%

thd Bxdmpte teBhlorddmitile Exsimpleckvindranthlesdthddel R tAvpracethnal, 6
similar to those of Examples 1-1 to 1-4 was performed, except that

parhstérpheag{imeT Ryraalsitsed instend ot beTPlad the hromdtict@on3ppami. by
Examples 1-9 to 1-14 A procedure similar to that of Example 1-1 was

wepghformfigulexcept dhaepilephdayi¢pviie) wasthsedindmachofdo P asrt by

the aromatic compound, and the content of aromatic compound was
wepghtiallyoctiangeth THe mastpinyddonentwas @ DIayes i3 atplert®) of

and 4 wt% in Example 1-14. The p-terphenyl content in Examples 1-10 to
o-terpBevad thelddhsemang as the aromatic compound were mixed to obtain a
cathode mixture. The cathode mixture was then dispersed in
N-methyl-2-pyrrolidone to obtain paste-like cathode mixture slurry. The
cathode current collector 33A, made of a strip-shaped aluminum foil
{(thickness of 20 pm), was evenly coated with the cathode mixture slurry.
After the cathode mixture slurry had dried, the cathode current collector 33A
was compression-molded by a roll-pressing machine. As a result, the
cathode active material layer 33B was formed.

Next, silicon was deposited on both surfaces of the anode current
collector 34A by the electron beam evaporation method, the anode current
collector 34A being made of an electrolytic copper foil having an arithmetic
mean roughness Ra of 0.5 um (thickness of 15 um). The silicon was heated
and then dried in a vacuum, thereby forming the anode active material layer
34B. As a result, the anode 34 was formed.

Next, the electrolytic solution was prepared. In this case, ethylene

carbonate (EC), diethyl carbonate (DEC), and 4-fluoro-1,3-dioxolane-2-one

(FEC) were mixed to serve as the solvent. 4-fluoro-1,3-dioxolane-2-one is



that in Examples 1-1 to 1-4. Comparative Example 1-1 A procedure
similar to that in Example 1-1 was performed, except that the cathode
active material layer 33B did not include o-TP and the electrolytic solution
did not include FEC. The composition of the solvent 41 (EC:DEC) was a
weight ratio of 50:50. Comparative Exeample 1-2 A procedure similar to
that in Example 1-1 was performed, except that the cathode active
material layer 33B did not include o-TP. Comparative Examples 1-3 to
the -&sfeproaeone sinutartto thogedn Edageples Lishiu dmekafl2oneshosphate
performed, except that the electrolytic solution did not include FEC. The
(LidYfabesitiong thdhsalerir (B Did)) was therighsrdiobisolsosolvent. At
Comparative Example 1-6 A procedure similar to that in Comparative
thaxamplghezwapopiforméthexobpmb ALL- THWER S Juet drmtkight ratio of
electrolytic solution instead of in the cathode active material layer. The
20pTAGontEheinctrecetdendiytic dolliBRavas Fhavslveherlvhie oveliehiarevas
characteristics and the storage characteristics of the secondary batteries
1mnldsémples 1-1 to 1-14 and Comparative Examples 1-1 to 1-6 were
examined, results shown in Table 1 and Table 2 were obtained.
Regabdiad, thboovetdieag drhratisviticdtanhedidoappe srafcelcfrecathode

secondary battery during repeated charging and discharging was
cusenhigedector 33A. The anode lead 32 was attached to one end of the

anode current collector 34A. Then, the cathode 33, the separator 35
(thickness of 16 um) of which both surfaces had been coated with
polyvinylidene fluoride, and the anode 34 were sequentially layered. The
laminated cathode 33, separator 35, and anode 34 were then wound many
times in a spiral form in a longitudinal direction. Subsequently, the end of
the winding was fixed by the protective tape 37 made of an adhesive tape.
As a result, the spirally wound body serving as a precursor body of the
spirally wound electrode body 30 was formed. Next, the spifally wound
body was sandwiched between the package members 40 made of a laminated
film. Outer edges of the package members 40, excluding the outer edge of
one side, were bonded by thermal fusion bonding. As a result, the spirally
wound body was housed in the pouch-shaped package member 40. Next,
the electrolytic solution was injected from the opening of the package
member 40, impregnating the separator 35. As a result, the spirally wound
electrode body 30 was formed.

Finally, the opening of the package member 40 was sealed in a



by the secondary battery being overcharged after charging and
discharging had been repeated for 2 cycles or 100 cycles. The number of
tests under both cycle conditions was 3 (so-called n=3). When ignition
and the like (ignition and smoking) did not confirmed in all three tests, an
evaluation 42 result was good. Whejignition or the like was confirmed at
even one test among the three tests, the evaluation result was poor. To
examine the overcharge characteristics after two cycles, the secondary
vatattary stasospbotrarhgd gftembaindichangduoaddngischdijed dotitwopackage
cycles in an atmosphere of 23C. Charging and discharging conditions of
meargiegld Cychs were hsdbtimessahe steondesylbatdaminsteidafjed secandary
maximum voltage of 4.2 V with a constant current of 0.2 C. The secondary
batiangrhaemainethctlanged of 5.2omstarn voitideodfs mafontitere hoiglt of 36
Then, the secondary battery was discharged to a final voltage of 2.5 V
mwithas fonstdnt current of 0.2 C. "0.2 C" is a current value at which a
theoretical capacity is fully discharged in five hours. Overcharging
Exgongitohgwerk s follows. The secondary battery was charged to a
maximum voltage of 12 V with a constant current of 1 C, or the secondary
batters: weerefurgetimilarthe Banteof tbrampttil clargingpaferivad, o except
reached three hours. To examine the overcharge characteristics after 100
thayctds thel Beeonthary heateryhaazedeichdtdedvafier Boinmotarde®and wt%
-discharged for 100 cycles in an atmosphere of 23C. The charging and
(Egramdeghng): condiviéis Eremplevbréharging conditions of a single cycle

were similar to those used when the overcharge characteristics after two

Exgyapleark Scbabithed.

A procedure similar to those of Examples 1-1 to 1-4 was performed,
except that m-terphenyl (m-TP) was used instead of o-TP as the aromatic
compound.

Examples 1-9 to 1-14

A procedure similar to that of Example 1-1 was performed, except
that p-terphenyl (p-TP) was used instead of o-TP as the aromatic compound,
and the content of aromatic compound was partially changed. The
p-terphenyl content was 0.05 wt% in Example 1-9 and 4 wt% in Example
1-14. The p-terphenyl content in Examples 1-10 to 1-13 was the same as
that in Examples 1-1 to 1-4.

Comparative Example 1-1

A procedure similar to that in Example 1-1 was performed, except

that the cathode active material layer 33B did not include o-TP and the

electrolytic solution did not include FEC. The composition of the solvent



To examine the storage characteristics, the secondary battery was stored

by a following procedure and a discharge capacity retention ratio was

determined. First, the secondary battery was charged and discharged for

43 two cycles in an atmosphere of 23C. The discharge capacity at the

second cycle was measured (discharge capacity before storage). Next,

after being charged again, the secondary battery was stored in a

temperature-controlled bath of 58C for 30 days. The secondary battery
(EQidhe waisehergjel taratno afidsphere of 23C. The discharge capacity at

the third cycle was measured (discharge capacity after storage). Finally,
Conipehvatgeechpasiyiadiehtion ratio (%) = (discharge capacity after

storage/discharge capacity before storage) x 100 was calculated. The

chargihgrasd diigehangifgr dendhinsfol-sasinefie dytlevaerpeatorinens except

The secondary battery was constant-voltage and constant- current
thaghdrgaa tbadtasimnannosneigd e SVRvianehanghtleiéht of 0.2 C.

Then, the secondary battery was constant-current discharged to a final
Copumarpl et ompnte s bidénakging current of 0.2 C. The procedures,

conditions, and the like for examining the_overcharge characteristics and

the stdrigeceravatematied die shanar Yor e wmeedlidnt Exaripréslahd was

Comparative Examples, 44 Table 1 Battery structure: Laminated-t Ee
pevfﬁ@a@%cﬁve%m@wéq:@m@a@@aﬁ%%&aﬁp&/%@%m«a’éﬁ@o@/ C. The

Cathode Electrolytic Solu(tion ) ,
composition of the solvent (EC:DEC) was a weight ratio of 50:50.

 Comparative Example 1-6

A procedure similar to that in Comparative Example 1-2 was
performed, except that p-TP was included in the electrolytic solution instead
of in the cathode active material layer. The p-TP content in the electrolytic
splution was 3 wit%.

When the overcharge characteristics and the storage characteristics
of the secondary batteries m Examples 1-1 to 1-14 and Comparative
Examples 1-1 to 1-6 were examined, results shown in Table 1 and Table 2
were obtained.

Regarding the overcharge characteristics, an outer appearance of the
secondary battery during repeated charging and discharging was examined
by the secondary battery being overcharged after charging and discharging
had been repeated for 2 cycles or 100 cycles. The number of tests under
both cycle. conditions was 3 (so-called n=3). When ignition and the like

(ignition and smoking) did not confirmed in all three tests, an evaluation



Discharge Aromatic Aromatic Occurrence of ignition, etc. Solvent(wt%)

Capacity Compound Electrolyte Compound Retention Salt After 2 After

100 Type wt% EC | DEC FEC, Type wt% Ratio 1%) Cycles Cycles

Example 1 1 0.1 20 50 30 --- - good good 81 Example 1.2 0.5 Life 20 50

30 - - good good Si aTP Example 1-21 Imol/kg 20 50 30 - - good good

SO Example P4 3 20 50 30 - - good good 80 Example 1-5 0.1 20 50 30 -

- good good 83 Example 1-6 05 LiPFe 20 50 30 - - good good 83 m-TP
resaxamgle goodl InEig 2615060 geetigdida: 82a & xamipient B 8 2060 80e-test

- good good 81 Example 1-9 0.05 20 50 30 - - good good 78 Example
ambg the 20150 86sts, gbod yobot88nExamislevislpaOro Life 20 50 30 - -

good good 82 pTP Example 112 1 Imollkg 20 50 30 - - good good 82

Example 44313120 5G:800veydud goodhsrEtanslied p4tar2080 3tycles, the

good good 76
secondary battery was overcharged after being charged and discharged for
two cycles in an atmosphere of 23°C. Charging and discharging conditions
of a single cycle were as follows. The secondary battery was charged to a
maximum voltage of 4.2 V with a constant current of 0.2 C. The secondary
battery remained charged at a constant voltage of 4.2 V for three hours.
Then, the secondary battery was discharged to a final voltage of 2.5 V with a
constant current of 0.2 C. "0.2 C" 18 a current value at which a theoretical
capacity 1s fully discharged in five hours. Overcharging conditions were as
follows. The secondary battery was charged to a maximum voltage of 12V
with a constant current of 1 C, or the secondary battery was charged with
the same current until charging duration reached three hours.

To examine the overcharge characteristics after 100 cycles, the
secondary battery was overcharged after being charged and discharged for
100 cycles in an atmosphere of 23°C. The charging and discharging
conditions and the overcharging conditions of a single cycle were similar to
those used when the overcharge characteristics affer two cycles are
examined,

To examine the storage characteristics, the secondary battery was

stored by a following procedure and a discharge capacity retention ratio was

determined. First, the secondary battery was charged and discharged for



45 Table 2 Battery structure: Laminated-type Anode active material:
Silicon (Electron beam evaporation method) Cathode Electrolytic Solution
Occurrence of Ignition, Discharge ,Aromatic Aromatic Compound Solvent
(wt%) etc. Capacity Electrolyte Compound Retention Salt After 2 After
100 Type wt% EC DEC FEC Type wii Ratio (%) Cycles Cycles
Comparative 50 50 - - - poor poor 72 Example I | LiPF5 Comparative
Imollkg 20 50 30 - - poor poor 71 Example 1-2 Comparative mTP 1 50 50
twe cygesdpaar 48nbxphype df 20 pdratvdi §dhiRFee reapRcltErE@he sdeond -
good poor 49 Example 1-4 Imollkg
cycle was measured (discharge capacity before storage). Next, after being
charged again, the secondary battery was stored in a temperature-controlled
bath of 58°C for 30 days. The secondary battery was then discharged at an
atmosphere of 23°C. The discharge capacity at the third cycle was
measured {(discharge capacity after storage). Finally, discharge capacity
retention ratio (%) = (discharge capacity after storage/discharge capacity
before storage) X 100 was calculated. The charging and discharging
conditions for a single cvcle were as follows. The secondary battery was
constant-voltage and constant-current charged to a maximum voltage of 4.2
V with a charging current of 0.2 C. Then, the secondary battery was
constant-current discharged to a final voltage of 2.5 V with a discharging
current of 0.2 C.
The procedures, conditions, and the like for examining the

overcharge characteristics and the storage characteristics are similar for the

subsequent Examples and Comparative Examples.



Comparative p TP 1 50 50 - - - good poor 51 Example 1.5 Comparative
LiPFs - - 20 50 30 P'TP 3 good good 66 Example 1 6 Imolilcg As shown
in Table 1 and Table 2, in Examples 1.1 to 1-4 in which the cathode
active material layer 33B included o-TP, m-TP, and p-TP, and the
electrolytic solution included FEC, thgjoccurrence of ignition and the like
was suppressed and the discharge capacity retention ratio increased,
compared to Comparative Examples 1-1 to 1-5 in which o-TP and the like,
and FE®Glwdre not included together. Specifically, in Comparative
Example 1-1 that did not include o-TP and the like and also did not
Baintelydst FieCyeridl Gompatatdvie ixxample 1-2 that did not include o-TP but
included FEC, ignition and the like occurred both after 2 cycles and after
Antbde eytles. xﬂibeedméhSlbemaEEmtyrmnhm%fatmvaas mﬂylahaut

—70%in-Comparative Examptes1=3-to-1=5that—included-o=TP-and-the tike
1
but did-netifitiude-FEC-ignitisH-ald tHe like—oeeurred after 100 cydles.Al.
the same’tirie, the |gn|t|on ang,the Jike afteftwio cyCESHUId AOESECUT. cupacy
HoweveritherdiscHarge capacity retention ¥atieeisignificantly decregsed,
On the other hand, iﬁltExctmE)Ies 1-1 to 1:4 that included:o-TPsame the Ilkeg
Type wil% DEC FE& Type witl ) Ratic (%)
and also'In¢luded FEC, r(=qardless of difference In | arematic cempound
edypes (0-TP, m-TP, or p-TP ignition and the like occwtted|neither after 2
mGyclesnor aftgr 100, gycles..in adgitior, the_ | _ good good a
TP
Fxample 1-3 ° 1 imoltkg 20 50 30 — . good good 80
Example 1-4 3 20 50 30 — — wood good 80
Example 1-5 61 20 50 30 — — good good 83
Example 16 9.5 LiPFs 20 50 30 — — good good 83
m-TF
Bxample 1-7 1 Imolikg 29 50 30 e e good good 82
Example 1-8 3 20 50 a0 e . good good 81
Example 1-9 {05 A 54 3 — e good good 8
Example 1-10 0.1 20 50 30 — — pood good 83
Example 1-11 0.5 LiPFs 20 50 3¢ — — good good 82
o-tP
Example 1-12 1 tmol/kg 20 50 30 — — good good 82
Fxample 1-13 3 20 50 30 — — good goad 81
Example 1-14 4 20 50 30 — — goad good 76




discharge capacity retention ratio improved to about 80%. The results
indicate that, when the cathode active material layer 33B includes o-TP
and the like and the electrolytic solution includes FEC, a coating is
formed on the surfaces of the cathode 33 and the anode 34.
Decomposition of the electrolytic solation and aromatic compound is
suppressed. Therefore, the discharge capacity becomes less likely to
decrease, even after high temperature storage. Moreover, the overcharge
inhibiliehlfuliction of the aromatic compound becomes more easily
sustained, even if the battery is repeatedly charged and discharged.
Bayyhisnstoaes wee diion ioa Bxafiples 1-9 to 1.14 in which the p-TP content
in the cathode active material layer 33B was changed within a range from
Angdsagtiseanniania i Hilleontdietaendermee o wvetion metdiasan 3

Wt%o, the discharge capacity retention ratio significantty decreased. 1 the
" ...%thoilg.:i-l,‘:n £ .ﬂ@.le?’s“’lk‘“-c S@R‘Pn; 2 Y o AR 1 H H
content-was-within-a rangerfrom-0. 1wt to-3-wt 70, 1Ng w&&hang&i@apamty}zarge
retentign.ratig.was almost consiantatabout 889 Redarding0-TP in 47 capecs
Examples-1-1 to L4 & m-TR-i s 1:875311-8 as-well ifthe— ...
content, was within a fénge from Q.1 wig to,3 wi%, the dischardfe capagify, .,
retention ratio was almost|constant at about 80%. In Comparative-:

cmplEX@Mple 1-6 in which the glectrolytic solution included p-TP, [gnition and

senfbe like occirred neither, after'2 cyCles nor after {100 cycléd. Howdver, the™

compdiggharge capadcity retgntion ratio dropped to a 60% range. On the other
hand, in Example 1-13 in whi€h th& catffode active material layer336 ™

Exam

ncluaed p-1P, as described abave, 1gnition and the like occufred nelther

Comparative

a}fter 2 eycles nor after 100 cyclessThe-digcharge capacity poos 18
Example 1-3
Comparative 1iPF, .
m-TP 1 50 50 — — — good poor g 48
Txample 1-4 Imol/kg
Comparative
pTP 1 56 60 — — — good peor 51
Example I-5
Comparative LiP¥s
— — 20 50 30 TP 3 gond good 66
Example 1-6 imolkg

As shown in Table 1 and Table 2, in Examples 1-1 to 1-4 in which the
cathode active material layer 33B included o-TP, m-TP, and p-TP, and the
electrolytic solution included FEC, the occurrence of ignition and the like
was suppressed and the discharge capacity retention ratio increased,
compared to Comparative Examples 1-1 to 1-5 in which o-TP and the like,
and FEC were not included together.

Specifically, in Comparative Example 1-1 that did not include o-TP
and the like and also did not include FEC, and Comparative Example 1-2

that did not include o-TP but included FEC, ignition and the like occurred

both after 2 cycles and after 100 cycles. The discharge capacity retention




retention ratio also improved to about 80%. The results indicate that, to
improve the discharge capacity retention ratio, the aromatic compound is
preferably included in the cathode active material layer 33B rather than in
the electrolytic solution. Therefore, it was confirmed that, in the
laminated-film secondary battery in #¢hich the anode active material of the
anode included silicon (electron beam evaporation method), because the
cathode active material layer included the aromatic compound having
ratisree derirdie ingstai@the diecliopimzalution cingeidshd Sster 1-5 that
carbonate containing a halogen, both storage characteristics and
- inchydeshardd chadatheridtles Wetedidhsupednilnde BEE cigviviined aimal, the like
that case, if the content of aromatic compound in the cathode active
ocqweteddfmyel Whevwlttin tie fdryeatreentoniewthetécnition, ahd therdie after
characteristics improved. Here, only examples in which the cyclic ester
twegponatditEeh wesus ftevasthdhsdischdrsrarapaathiniisgention ratio
_ halogen are disclosed. Examples in which the chain ester carbonate such
signdfifettisrslspratandl cdMonhee osherthame iusemmplast Hitclosdyt that
. However, as long as a halogen is included, the chain ester carbonate has
inchuled pie doandd ksrmbacmtladromdaded dBke ssendipsemirdiiference in
Therefore, it is clear that, even if the chain ester carbonate is used, )
ATQIHIAF HERROHRE BERRNid0EEPAsTHIZS hived) whASAIRRNCyind ether lile
carbonate is used. The following may be drawn from the results in Table 1
ocyeragiebher, Giter wortkckasewbradietetifls Bidtssmpdatigddition, the

_Example 1.1 that includes neither o-TP and the like nor FEC, technical
dl%bﬂ}%ﬁ@@%@lﬁ}(‘e retention ratio improved to about 80%. The results

indicate that, when the cathode active material layer 33B includes o-TP and
the like and the electrolytic solution includes FEC, a coating is formed on the
surfaces of the cathode 33 and the anode 34. Decomposition of the
electrolytic solution and aromatic compound 1s suppressed. Therefore, the
discharge capacity becomes less likely to decrease, even after high
temperature storage. Moreover, the overcharge inhibition function of the
aromatic compound becomes more easily sustained, even if the battery is
repeatedly charged and discharged.

When focus attention on Examples 1-9 to 1-14 in which the p-TP
content in the cathode active material layer 33B was changed within a range
from 0.05 wt% to 4 wt%, if the content was less that 0.1 wt% or more than 3
wt%, the discharge capacity retention ratio significantly decreased. If the
content was within a range from 0.1 wt% to 3 wt%, the discharge capacity

retention ratio was almost constant at about 80%. Regarding o-TP in



results of Examples 1-3, 1-7, and 1-12, and Comparative Examples 1-2 to
1-5 is considered. In Comparative Example 1-2 that includes only FEC, a
state of the occurrence of ignition and the like was the same, and the
discharge capacity retention ratio was almost the same. Therefore, it is
clear that the ester carbonate contaifiing a halogen does not contribute to
prevent the occurrence of ignition and the like and contributes little to
improve the discharge capacity retention ratio. In Comparative Examples
Examndes-3- tHat Indlage anh[E- 1P Bratiddikd  htostateasf wadlo st thenontent
of ignition and the like after two cycles was improved. However, the
w adiseHigescapagity reere Atibwistidsigmfitantheddindzemt: Theaeftredtdntion
clear that the aromatic compound contributes to prevent the occurrence
ra@pighitcimnet eengieshafealmal Silises the discharge capacity retention
ratio to decrease. Therefore, in terms of respective functions unique to
the ademéativeonipbivied Beaamplieo 6 estercartionthe colaelinhytic solution
halogen, the occurrence of ignition and the like should be prevented and,
inciptd ArhE Rl tipsutidethedideh argaashoryt hee sdber raty elesunenefter
be achieved simply by the aromatic compound and the ester carbonate
108op¥slaing tHewarsgetbeidts cborinedp Motvevere i PRalfdos dragpned, to a
and 1-12 that included o-TP and the like and FEC together, the state of
60%ka Besarrekivtbrighhmsnbantiia fiawaleihgrdve Flacbikegahpde active
cycles, but also after 100 cycles. Moreover, the discharge capacity _
maEitlolivatSrBsiRgHEe than TR contlsscarbed mhavpiggniigmandothe like
The results indicate that a synergistic effect is achieved that is not _
ocqpupied i ithst gt ieVEles seosrate m iGN ebmpbhndifsh argcsmmacity

carbonate containing a halogen. As a result of the o
retention ratio also improved to about 80%. The results indicate that, to

improve the discharge capacity retention ratio, the aromatic compound is
preferably included in the cathode active material layer 33B rather than in
the electrolytic solution.

Therefore, it was confirmed that, in the laminated-film secondary
battery in which the. anode active material of the anode included silicon
(electron beam evaporation method), because the cathode active material
layer included the aromatic compound having three benzene rings and the
electrolytic solution included the ester carbonate containing a halogen, both
storage characteristics and overcharge charécteristics were ensured. It was
also confirmed that, in that case, if the content of aromatic compound in the
cathode active material layer was within the range from 0.1 wt% to 3 wt%,
the storage characteristics improved. |

Here, only examples in which the cyclic ester carbonate (FEC) was



synergistic effect, a function for preventing the occurrence of ignition and
the like (overcharge inhibition function) is sustained even if the battery is
repeatedly charged and discharged. Moreover, the discharge capacity is
significantly less likely to decrease even after high temperature storage.
Examples 2-1 to 2-6 A procedure simbar to those in Examples 1-9 to 1-14
was performed, except that quaterphenyl (QP) was used instead of p-TP
as the aromatic compound. Examples 2-7 to 2-10 A procedure similar to
us¢hoae e Rsheplcathongte-spRtaipEroAmRalossBepradisclosed. Examples
_ 4,5-difluoro-1,3-dioxolane-2-one (DFEC) was used instead of FEC as the
in achdele e shralBonteing thRBIGe fitsid AefbaprpoLmsh srehgdocarbonate
solvent was changed. The compaosition of the solvent (EC:DEC:DFEC) .
angd&es laghtt ks orrso e diselesatbledbovevs -4 Joprossdarbalogen is
_similar to those in Examples 2-2 to 2-5 was performed, except that _
inclfichdhaibHae tee FiRoRals dastbsrsamaceshingningagtion function
unsaturated bond was used instead of the ester carbonate containing a i
as fhe gERliE EeEf@ theRdtfpoditisidPive olerieiad kivarien Hhihe chain
composition of the solvent (EC:DEC:VC) was a weight ratio of 30:67:3._
esIERAAPRODALS 1§ d%@%%da%%@maﬁ%ﬁdpmkarﬁﬁ%%a%% pesfsipekieved
except th%:ilvc was added and the composition of the solvent was
whathHoR Y e cebih SBERMIRSE dfe'SSVent (EC:DEC:FEC:VC) was a

Weighflrlgtiﬁ’)ﬁf)wing may be drawn from the results in Table 1 and Table 2.
In other words, based on the results of Comparative Example 1-1 th{:ﬁ:
includes neither o-TP and the like nor FEC, technical significance of the
results of Examples 1-3, 1-7, and 1-12, and Comparative Examples 1-2 to 1-5
is considered. In Comparative Example 1-2 that includes only FEC, a state
of the occurrence of ignition and the like was the same, and the discharge
capacity refention ratio was almost the same. Therefore, it 1s clear that the
ester carbonate containing a halogen does not contribute to prevent the
occurrence of ignition and the like and contributes little to improve the
discharge capacity retention ratio. In Comparative Examples 1-3 to 1-5
that include only o-TP and the like, the state of the occurrence of ignition and
the like after two cycles was improved. However, the discharge capacity
retention ratio significantly decreased. Therefore, it is clear that the
aromatic compound contributes to prevent the occurrence of ignition and, at
the same time, causes the discharge capacity retention ratio to decrease.

Therefore, in terms of respective functions unique to the aromatic compound



20:50:27:3. Comparative Examples 2-1 and 2-2 A procedure similar to
those in Examples 2-7 to 2-10 or Examples 2-11 to Example 2-14 was
performed, except that QP was not included in the cathode active
material layer 33B. Comparative Examples 2-3 to 2-6 A procedure similar
to those in Examples 2-2 to 2.5was performed, except that DFEC was not
included in the solvent. The composition of the solvent (EC:DEC) was a
weight ratio of 5050. When the overcharge characteristics and the storage

andHarabeksties wirbrnesecnadai batedebdtoEsamplesogcutoeas aingnition

Comparative 51 Examples 2-1 and 2-6 were examined, results shown in
and athe 3lerd Fhpidd beerpreveaited. antabid 4hearivusacharaetefistiediagient

_ Comparative Examples 1-1 and 1-2 are also shown. 52 Table 3 Battery

disshaeasrecanaainatseteypeonnsde activenddatentl bsildrqrdcssnbeaky the

evaporation method) Cathode Electrolytic Solution Occurrence oflgmition,
arquidhRIgEnAPIRatieSbieh el card aupEcrynEBHssu HeeEhkadpBRpebeing

Retention
combined. However, in Examples 1-3, 1-7, and 1-12 that included o-TP and
the like and FEC together, the state of the occurrence of ignition and the like
was improved not only after 2 cycles, but also after 100 cycles. Moreover,
the discharge capacity retention ratio was higher than in Comparative
Examples 1-1 and 1-2. The results indicate that a synergistic effect is
achieved that is not achieved through individual use of the aromatic
compound and the ester carbonate containing a halogen. As a result of the
synergistic effect, a function for preventing the occurrence of ignition and the
like (overcharge inhibition function) is sustained even if the battery is
repeatedly charged and discharged. Moreover, the discharge capacity 1s
significantly less likely to decrease even after high temperature storage.
Examples 2-1 to 2-6

A procedure similar to those in Examples 1-9 to 1-14 was performed,
except that quaterphenyl (QP) was used instead of p-TP as the aromatic
compound.
Examples 2-7 to 2-10
A procedure similar to those in Examples 2-2 to 2-5 was performed,

except that 4,5-difluoro-1,3-dioxolane-2-one (DFEC) was used instead of FEC

as the ester carbonate containing a halogen and the composition of the



Salt After 2 After 100 Type wt% EC DEC FEC DFEC VC Ratio (El Cycles
Cycles Example 2-1 0.05 20 50 30 - - good good 81 Example 2.2 0.1 20
50 30 - - good good 86 Example 2-3 0.6 LiPFo 20 50 30 - good good 85
QP Example 2.4 1 Imoldtg 20 50 30 good goad 85 Example 2-5 3 20 50
30 - - good good 85 Example 2-6 4 20 50 30 - - good good 82 Example
2-7 0.1 30 50 - 20 - good good 87 Example 2.8 0.5 LiPFo 30 50 - 20 -
good good 87 QP Example 2.0 1 imol/kg 30 50 - 20 - good good 86
solExamples2dithd 80150 TR cgapdgond 8% heample2 AE O DILEPFER) was
good good 83 Example 212 0.5 LiPF6 30 67 - -- 3 good good 84 QP
a vioighple @d.3fBIad&f) 30 67 -- -- 3 good good 84 Example 2.14 3 30 67
-- -- 3 good good 82 LiPFO Example 2-15 QP 1 20 50 27 - 3 good good
ExaspleslRgl b3oTable 4
A procedure similar to those in Examples 2-2 to 2-5 was performed,
except that vinylene carbonate (VC) that is an ester carbonate containing an
unsaturated bond was used instead of the ester carbonate containing a
halogen (FEC) and the composition of the solvent was changed. The
composition of the solvent (EC:DEC:VC) was a weight ratio of 30:67:3.
Example 2-15
A procedure similar to that in Example 2-4 was performed, except
that VC was added and the composition of the solvent was changed. The
composition of the solvent (EC'DEC:FE CV(C) was a weight ratio of
20:50:27:3.
Comparative Examples 2-1 and 2-2
A procedure similar to those in Examples 2-7 to 2-10 or Examples
2-11 to Example 2-14 was performed, except that QP was not included in the
cathode active material layer 33B.
Comparative Examples 2-3 to 2-6
A procedure similar to those in Examples 2-2 to 2-5was performed,
except that DFEC was not included in the solvent. The composition of the
solvent (EC:DEC) was a weight ratio of 50:50.

When the overcharge characteristics and the storage characteristics

of the secondary batteries in Examples 2-1 to 2-15 and Comparative



Battery structure: Laminated-type Anode active material: Silicon (Electron
beam evaporation method) Cathode Electrolytic Solution Discharge
Aromatic Occurrence of Ignition, etc. Solvent (.t%) Capacity Compound
Electrolyte Rotention Salt After 2 After 100 Type wU/ EC DEC FEC
D1+EC VC Ratio (%) Cycles CyclesiComparative 50 50 - ( -- - poor poor
72 Example I-1 Comparative 20 50 30 - poor poor 71. Example 1.2
LIPFG Comparative imollkg 3050 - 20 -. poor poor 72 Example 2-1
Exaomisardtive 80 876 wevepoonpoor G eExatasib@erConritiveamd Foble 4
50 - - - good poor 65
were obtained. In Table 4, various characteristics of Comparative

Examples 1-1 and 1-2 are also shown.



Example 2-3 Comparative 0.5 50 50 - - - good poor 62 Example 2-4
L1PFO QP Comparative Inrol/kg 1 50 50 good poor 59 Example 2-5
Comparative 2 50 50 - - - good poor 57 Example 2-6 As shown in Table 3
and Table 4, results similarto those in Table 1 and Table 2 were seen
even when QP was used as the aromatic compound, and FEC or DFEC
was used as the ester carbonate containing a halogen or VC was used
the ester carbonate containing an unsaturated bond. In other words, in
Exanpled231 to 2-14 in which the cathode active material layer 33B
included QP and the electrolytic solution included FEC, DFEC, or VC,
Bategaraiass:oimwhétimen REHEd DFEC, or VC was used, the occurrence of
ignition and the like was suppressed and the discharge capacity retention
Anbderatiovaaressedh tGiipane dEbeComp hrativecE xpmpltiod thetkddand 2.1

P W S el - O\D P e e YR H | £ L el 4 ") 1
U Z.0 TTrwinmtimyr aid TrEC dliTuuremTRe weTe TTUT IIILJIUUCU lUgCLIIUI. LI
ol . ) ipn
Examplé&g-1to-2-6-f the-QF E8h & became less-than.0.1 ME%6.01 ML
14 < h 4
than B Wi the discharge capacity, fetention ratio terjded todecrease .
significamiy~Fvefrwiten QP was used as the aromatic compound and .
FEC jas the Salt After2 | After 100
Type | wi% EC DEC FEC DFEC Ve Ratio (%)
Cycles Cycles
Example 2+1 0.05 20 50 30 — — good eood 81
Exanple 2-2 0.1 20 50 30 — — good good 86
Example 2-3 0.5 LiPFy 20 50 30 — — good - good 85
QP
Example 2-4 1 Imobkg a0 50 34 o s good good 85
Example 2-5 2 26 50 a0 — — good good a4
Example 2-6 4 206 50 30 — — goed good 82
Example 2-7 0.1 30 A0 — 20 — good good 5%
Example 2-8 2.5 LiPFg 3¢ 30 — 20 — good zood 87
QP
Example 2-§ 1 Imol/kg 30 50 — 20 — good good 48
Example 2-10 3 30 50 — 20 e good good i3
Example 2-11 .1 30 87 —_ — 3 good © o pood 83
Example 2-12 0.5 LiP¥; 30 67 e o 3 good good a4
QP
Example 2-13 1 1mol/kg 30 87 - — 3 good good 84
Fxample 2-14 3 30 87 — e 3 good good 82
1iPTy
Example 2-15 QP 1 26 56 27 — 3 good good 85
imolkg




ester carbonate containing a halogen and VC as the ester carbonate
containing an unsaturated bond was mixed and used, effects similar to
when QP was used and FEC or VC was used was achieved. Specifically,
in Example 2-15 in which the cathode active material layer 33B included
QP and the electrolytic solution incluged FEC and VC, the ignition and
the like occurred neither after 2 cycles nor after 100 cycles. Furthermore,
the discharge capacity retention ratio was 80% or more. Therefore, it was
confirffeddetiat, in the laminated-film secondary battery in which the
anode active material of the anode included silicon (electron beam
Bagteposatiort wretHoat vetadstytie cathode active material layer included
an aromatic compound having four benzene rings and the electrolytic
Argolationiircindedrialegshone tibecsatedted frormapergraop wehkisting of

oy

)

theester carbonate containing-a-hatogen-and-the-ester—carbonate
i Lathode L e Megroltiogplution L ioti

contaiping-an-unsaturatea-boha,poth-Storage-eharacteristics and Discharge
overcharg& €haracteristics were engured.,Jt was also Coiffrfed &L, when,,
the contertpfiaroratitre mpound.in.the cathode active maniarial layer was
within the range fron¥0.1 Wi [0 3 Wtdh, the starage charactgristics

. e FEC | DEEC . . Ratio (%)
improv egxf 55 An attemptito include| QP in tﬁe electrplytie-solutiems similar

col@L=OMparative Example 1-6 including p-TP in the electrolytic solution,
e M@s: Mmade. However, QP, ditl not'dissolve ifi the solvent’df the &l&ctrolyti¢
ceaQIULIAN, nor did QP dissglve when heated. Examples 3-1to 3-4 A
mBroGedure similar to those i Exafmple¥ 2-2 to 2-5-was performee; n
Comparative B N mollkg
30 50 — 28 e pooY poor 72
Example 2-1
Comparative
30 G7 - o 3 poox poor 69

Example 2-2
Comparative

0.1 50 50 — -— o good poor G5
Example 2-3
{omparative

Q.5 80 30 — — — good pooy G2
Example 2-4 LiPFy

QF

Comparative lmolkg

1 59 50 o e — good poor 59
Example 2-5
Cemparative

2 a0 50 — e p good poor 57
Example 2-6

As shown in Table 3 and Table 4, results similar to those in Table 1
and Table 2 were seen even when QP was used as the aromatic compound,
and FEC or DFEC was used as the ester carbonate containing a halogen or
VC was used the ester carbonate containing an unsaturated bond. In other
words, 1n Examples 2-1 to 2-14 in which the cathode active material layer
33B included QP and the electrolytic solution included FEC, DFEC, or VC,
regardless of whether FEC, DFEC, or VC was used, the occurrence of

ignition and the like was suppressed and the discharge capacity retention



except that the anode active material layer 34B was formed by sintering
method and the composition of the solvent was changed. When the anode
active material layer 34B was formed, 80 parts by weight of silicon powder
serving as an anode active material and 20 parts by weight of polyimide
serving as a binder were mixed, fornging an anode mixture. The anode
mixture was then dispersed in N-methyl-2-pyrrolidone to obtain anode
mixture slurry. Both sides of the anode current collector 34A was coated
ratagtimitie aswot econixpare &l bory. ofhp aradde: Hixturglessitien djetndnd 1 to 2-6
compression-molded. Next, the anode current collector 34A was heated at
in #00Chf6YA a1 e (handadue inkatwosp metelThedeshipgetiien. of thdixamples
solvent (EC:DEC:FEC) was a weight ratio of 10:50:40. Example 3-5 A
2-Jrocddurd shnil@ftcandeint brample l2se2thar Pelforifiedr aroeptthiaat thert%,
anode active material layer 34B was formed by the sintering method as in
theEdeiplesSchpaGLy. Coaparativet Brandieh 3 temd B Agrdteduils.
similar to those in Examples 3-1 to 3-4 or Example 3-5 56 was performed,
except that teesaRBosacive dnateiiyl REAAN3BR einisiuintiand BBEC as the
Comparative Example 3-3 to 3-6 A procedure similar to those in Examples
esigr) wprebands perfdrieiigedcebtpegthaBrhclYSlytissdhgiopsdig netrbonate
include FEC. The composition_of the solvent (EC:DEC) was a weight ratio
CORff4DIFE, yPHERSHavdhgd e aetseidmhrsethecéforbiyaimilar to when

characteristics _ o _
P was used and FEC or VC was used was achieved. Specifically, in

Example 2-15 in which the cathode active material layer 33B included QP
and the electrolytic solution included FEC and VC, the ignition and the hike
occurred neither after 2 cycles nor after 100 cycles. Furthermore, the
discharge capacity retention ratio was 80% or more.

Therefore, it was confirmed that, in the laminated-film secondary
battery in which the anode active material of the anode included silicon
(electron beam evaporation method), because the cathode active material
layer included an aromatic compound having four benzene rings and the
electrolytic solution included at least one type selected from the group
consisting of the ester carbonate containing a halogen and the ester
carbonate containing an unsaturated bond, both storage characteristics and
overcharge characteristics were ensured. It was also confirmed that, when
the content of aromatic compound in the cathode active material layver was

within the range from 0.1 wt% to 3 wt%, the storage characteristics

improved.



of the secondary batteries in Examples 3-1 to 3-5 and Comparative

Examples 3-1 to 3-6 were examined, results shown in Table 5 were

obtained. Table 5 Battery structure: Laminated-type Anode active

material: Silicon (Sintering method) Cathode Electrolytic Solution Aromatic

- Occurrence oflgnilion, etc. Solvent ('t%) Discharge Capacity Compound

‘Electrolyte retention ratio1%) Salt After 2 After 100 Type wt% EC DEC

FEC VC Cycles Cycles Example 3-1 0.1 10 50.40 - good good 87

Exampte 3200t iRF3id sk 4QPgoodyecel88rgdPtiExanple 3 gimilar to

Imollhg 10 50 40 - good good 86 Example 8.4 3 10 50 40 - good good
CogtpairROE Xampipls. 3 GPLOcbBEY p-3ijaod theodlsatialpticgolution, was

Comparative 10 50 40 - poor poor 71 Example 3-1 LiPF5 Comparative
mdrol/kdlowever, QP did not dissolve in the solvent of the electrolytic
solution, nor did QP dissolve when heated.
Examples 3-1 to 3-4

A procedure similar to those in Examples 2-2 to 2-5 was performed,
except that the anode active material layer 34B was formed by sintering
method and the composition of the solvent was changed. When the anode
active material layer 34B was formed, 80 parts by weight of silicon powder
serving as an anode active material and 20 parts by weight of polyimide
serving as a binder were mixed, forming an anode mixture. The anode
mixture Was then dispersed in N-methyl-2-pyrrolidone to obtain anode
mixture slurry. Both sides of the anode current collector 34A was coated
with the anode mixture slurry. The anode mixture was then dried and
compression-molded. Next, the anode current collector 34A was heated at
400°C for 12 hours in a vacuum atmosphere. The composition of the solvent
(EC:DEC:FEC) was a weight ratio of 10:50:40.
Example 3-5
A procedure similar to that in Example 2-12 was performed, except

that the anode active material layer 34B was formed by the sintering method
as in Examples 3-1 to 3-4.

Comparative Examples 3-1 and 3-2

A procedure similar to those in Examples 3-1 to 3-4 or Example 3-5



30 67 - 3 Poor poor 68 Example 3B Comparative LiPFO QP 0.1 40 60 - -

good poor 64 EEE imolDcg 4 0 60 poor 62 57 Comparative 1 40 60 - -

good poor 60 Example 35 Comparative 3 40 60 - - good poor 58

Example 3.6 As shown in Table 5, results similar to the results shown in

Table 3 and Table 4 were obtained &en when the anode active material

layer 34B was formed by the sintering method. In other words, in

Examples 3-1 to 3-5 in which the cathode active material layer 33B
waingladied @Rl andaeet dlectrohticsthaisn antivdesFeCdr MEethé3B did not

occurrence of ignition and the like was suppressed and the discharge
incdugadity-retention ratio increased compared to Comparative Examples

3-1to 3-6 in which QP and FEC and the like were not included together.
Comtpgredores iEwampbnfirhée 3h@t, in the laminated-film secondary battery

in which the anode active material of the anode included silicon (sintering

methddproeeduse she dathbeléhasiven iererdl kg er Inbtudel wies drerfratived,

compound having four benzene rings .
except that the electrolytic solution did not include FEC. The composition

of the solvent (EC:DEC) was a weight ratio of 40:60.

When the overcharge characteristics and the storage characteristics
of the secondary batteries in Examples 3-1 to 3-5 and Comparative Examples
3-1 to 3-6 were examined, results shown in Table b were obtained.

Table 5
Battery structure: Laminated-type

Anode active material: Silicon (Sintering method)

Cathode EBlectrolytic Sehution
Aromatic Qeourrence of Tgnition, ete,
Solvent (wi) Discharge Capacity
Compound Eleetrolyte
retention ratic (%)
Saly After 2 After 100
Type wtlh EC DEC FEC VO
Cycles Cycles
Example 3-1 0.1 10 50 40 — good good 87
Fxample 3-2 0.5 TiPF: 10 50 40 — good zood 86
QF
Hxample 3-3 1 Tmol/kg i 50 40 — good good 86
Example 3-4 3 10 50 40 — good good 85
LiPF;
Example 3-5 QF 0.5 30 87 — 3 Tgebd good 83
1molfkg
Comparative
10 50 40 — poar poor 71
Example 3-1 LiPFs
Comparative molkg
36 67 — 3 pooy poer 63
Example 3-2
Comparative LiPF;
Qr 0.1 40 80 — — good poor 64
Example 3-3 1molfky
Comparative
0.5 40 60 — good posr 52
Example 3-4




and the electrolytic solution included either the ester carbonate containing
a halogen or the ester carbonate containing an unsaturated bond, the
storage characteristics and the overcharge characteristics were ensured.
Examples 4-1 to 4-14 A cylindrical secondary battery shown in Fig. 1 and
Fig. 2 was fabricated using artificialxraphite as the anode material
instead of silicon. When the secondary battery was fabricated, first, in

. adherencerto-arprocedure-simitar-tg-those-imExamptesri=tto-i7i4; the
"tathode 21 was formed such tthat the cathode dctive material layer 218
9idbded the-58 i (o-T

m-TP,-or-p-TR)-The anode-22

oo TI0 )

“myes then formed. Wheh the anoge 22 was formed, 90 partg by weight,of
EBagldphite powder serving as an anode active material and.20 parts by .

weight of polyvinylidenev fluoride serving as a binder were mixed, forming
an anode mixture. The anode mixture was then dispersed in

N-mety LT liopie {00 Al RASIR:IKG: ADQEE TUXIUES SN BF Table 3

anode current collector 22A made of a strip-shaped copper foll (thickness

an@Babil) AR EY IHYaGRBLE BV dhk ARROGIDIUTE BV ARG BNORG or 34B

mixture slurry was then dried and compression-molded. As a result, the

wad9pG astieimaigataliaye g yeas iﬂrm@rwgragoﬂ?m%{%@eé@@ fhens-s

attached to one end of thé anode current collector 22A. Next,

in SSRMALONRS BRASJEOMMIEORLLLS ROYAYRPY'EIR Mk (RICkNETS ofrD the

m) was prepared. After the anode 22, the separator 23, the cathode 21,
ele@NSIHE SSBRIBIN %ﬁcﬂﬁf@@@%@@@%?ﬁ@%éﬁ?xé?@Q%?Qxﬁ%)ﬁ"&%% the

spirally wound many times, thereby forming the spirally
like was suppressed and the discharge capacity retention ratio increased

compared to Comparative Examples 3-1 to 3-6 in which QP and FEC and the
hke were not included together. Therefore, it was confirmed that, in the
laminated-film secondary battery in which the anode active material of the
anode included silicon (sintering method), because the cathode active
material layer included the aromatic compound having four benzene rings
and the electrolytic solution included either the ester carbonate containing a
halogen or the ester carbonate containing an unsaturated bond, the storage
characteristics and the overcharge characteristics were ensured.
Examples 4-1 to 4-14

A cylindrical secondary battery shown m Fig. 1 and Fig. 2 was
fabricated using artificial graphite as the anode material instead of silicon.
When the secondary battery was fabricated, first, in adherence to a
procedure similar to those in Examples 1-1 to 1-14, the cathode 21 was

formed such that the cathode active material layer 21B included the




wound electrode body 20. Next, the spirally wound electrode body 20 was
sandwiched between a pair of insulating plates 12 and 13. The anode lead
26 was welded onto the battery can 11. The cathode lead 25 was welded
onto the safety valve mechanism 15. The spirally wound electrode body
20 was then housed in the battery ca 11 made of nickel-plated iron.
Finally, the prepared electrolytic solution was injected into the battery can
11 using a decompression method. As a result, a cylindrical secondary
ardatiely travpguadian@enofB ormp A a HElghtobes BRnweastloeméokmed.
59 When the electrolytic solution was prepared, after EC, propylene .
Whenbbhatep@®), Ainethy| arbedate(DMO) dnd FERend mireditePp@wder
serving as the electrolytic salt was dissolved in the mixture. The
sewonositonagiothe sulientEeRg . DMC: S BeYiwdy aveaightabtiolpfinylidene
20:5:70:5. The concentration of LiPF6 in the electrolytic solution was
fTupnislk geComp arativd Exten plere Ioaprd cddomeisignilar toxdddet iniRkanapleThe
4.1 was performed, except that the cathode active material layer 21B did
anpde inolxdens Twaindhke doateghait solulfomdidnblimoluddifp@: The obtain
composition of the solvent (EC:PC:DMC) was a weight ratio of 25:5:70.
paetemhifar amnvis € xarnpie e sturiproceBerania aves endtdal exsenpid A madesof a
performed, except that the cathode active material layer 21B did not
strifcrlrredr Popeemflatilidsnesplet 153 rend-wapeatyreeatithwsth the

those in Examples 4-3, 4-7, and 4-12 was performed, except that the
angflctiBtiERIEBRHId nbhmchislEpoixthge slurry was then dried and

compression'molded. As a result, the anode active material layer 22B was
formed. The anode lead 26 was then attached to one end of the anode
current collector 22A.

Next, the separator 23 made from microporous polypropylene film
(thickness of 20 pm) was prepared. After the anode 22, the separator 23,
the cathode 21, and the separator 23 were sequentially layered, the
laminated body was spirally wound many times, thereby forming the spirally
wound electrode body 20. Next, the spirally wound electrode body 20 was
sandwiched between a pair of insulating plates 12 and 13. The anode lead
26 was welded onto the battery can 11. The cathode lead 25 was welded
onto the safety valve mechanism 15. The spirally wound electrode body 20
was then housed in the battery can 11 made of nickel-plated iron. Finally,
the prepared electrolytic solution was injected into the battery can 11 using a
decompression method. As a result, a cylindrical secondary battery having

a diameter of 18 mm and a height of 65 mm was formed.



composition of the solvent (EC:PC:DMC) was a weight ratio of 25:5:70.
Comparative Example 4-6 A procedure similar to that in Comparative
Example 4-2 was performed, except that p-TP was included in the
electrolytic solution instead - of the cathode active material layer. The p-TP
content in the electrolytic solution was 3 wt%. When the overcharge
characteristics and the storage characteristics 60 of the secondary
batteries in Examples 4-1 to 4-14 and Comparative Examples 4-1 to 4-6
were BXaminde, dseltodhowrsidulable €and Tableed, weltenBtainadopylene
Table 6 Battery structure: Cylindrical-type Anode active material: Artificial
caraphite CithoderEebibiyticlBolatiod 10¥Eremd dFlighitomeDisckeatgd iPFs
Aromatic Aromatic Solvent (wti) etc. Capacity Compound - Electrolyte
serggrgpoindt RetentotrobaitcAfead® Afesr 108sHypedntin BEGPONIRME FECThe
Type wt% Rate 0/0 Cycles Cycles Example 4-1 0.1 205705 - - good
comgpedigon of the solvent (EC'PC:DMC'FEC) was a weight ratio of 20:5:70:5.
The concentration of LiPFg in the electrolytic solution was 1mol/ke.
Comparative Example 4-1
A procedure similar to that in Example 4-1 was performed, except
that the cathode active material layer 21B did not include o-TP and the
electrolytic solution did not include FEC. The composition of the solvent
(ECPC:DMC) was a weight ratio of 25:5:70.
Comparative Example 4-2
A procedure similar to that in Example 4-1 was performed, except
that the cathode active material layer 21B did not include o-TP.
Comparative Examples 4-3 to 4-5
A procedure similar to those in Examples 4-3, 4-7, and 4-12 was
performed, except that the electrolytic solution did not include FEC. The
composition of the solvent (EC:PC:DMC) was a weight ratio of 25:5:70.
Comparative Example 4-6
A procedure similar to that in Comparative Example 4-2 was
performed, except that p-TP was included in the electrolytic solution instead
of the cathode active material layer. The p-TP content in the electrolytic

solution was 3 wt%.

When the overcharge characteristics and the storage characteristics



Example 4-2 0.5 LiPFO 205 70 5 - - good good 88 o FF Example 4-3 1
Imol/kg 205 70 5 - - good good 88 Example 4.4 3205 70 5 good good
86 Example 4-50.1205 705 - - good good 90 Example 4-6 0.5 LtPIC
205705 - - good good 89 m-TP Example 4-7 1 imol/kg 205 70 5 good
good 88 Example 4.8 3205 705 - 6good good 87 Example 4-9 0.05 20
5705 - -good good 89 Example 4100.1 205 705 - - good good 90
Example 441 (A LiPFe 205 70 5 - - good good 89 p IT Example4-12 1
of ivhel/lepa8Ayiijbadtegtrd 89 Example113-3 205414 - godd Govwarative
ample 414 20 70 - good good 85 62 Table 7 Battery structure:
Exayliridrchllyise4An oo actrnmredriatsaificidigyaphitel ebttdiend Table 7
Electrolytic Solution Occurrence of ignition, Discharge Aromatic Aromatic
wegpRkdpade) etc. Capacity Compound Electrolyte Compound



Retention Salt After 2 After 100 Type wt% EC PC DMC FEC Type wtE
Ratio M) Cycles Cycles Comparative 255 70 - - - poor poor 89 Example
44 - LiPP5 Comparative imol&g 205 70 5 -- - x x 89 Example 4.2
Comparative o-TP 1 255 70 -- - - good a 77 Example 4-3 Comparative
LUPF& - m-TP 1255 70 good x 80 d&gxample 44 |.mol/kg Comparative
p-PP 125570 -- - - good a 82 Example 4.5 Comparative LiPF6 - -- 20 70
0 p-TP 3 good good 81. Example 4.0 imol/kg As shown in Table 6 and
TableTaldestilts similar to those shown in Table 1 and Table 2 were seen,
even when the anode active material layer 22B was formed using
Bagtaphiserasttheeatiydendetinad myaterial and the

Anode active material: Artificial graphite

Cathode Electrolytic Solution
Occarrence of Inition, Discharga
Aromatic Azomatic
Solvent (wt) afe. Capacity
Compound - Hiectrolyte Compound
Retentien
Salt After 2 After 100
Type wil% e PO DMC | FEC Type with Ratio (%}
Cycles Cycles
Exampie 4-1 0.1 20 3 70 ) o — gooed zeod 8%
Exaniple 4-2 0.5 LiPT: 20 5 74 a — — good good a8
o TP
Example 4-3 1 Tmolkg 20 5 70 5 — — good good 88
Example 4-4 2 20 5 0 5 - - good good 86
Bxample 45 0.1 20 5 e 5 e — wood good 80
Example 4-6 0.5 LiPFs 20 5 70 3 - — good #o0d. 89
m-TP
Fxample 4-7 1 mobkg 20 5 70 5 e -— gaod good 38
Example 4-8 3 20 5] 70 5 — — good good 87
Example 49 0.05 20 5 70 3 — — good good 89
Example 4-10 0.1 20 i T 5 — — good good 90
Example 4-11 2.5 LiPTy 20 & o ) — — good good 89
p TP
Example 412 1 tmolkg 20 5 70 5 — — good good 89
Example 4-13 3 20 5 7 5 — — good good 87
Example 4-14 4 20 5 ] 5 F e - — good good 85




structure of the battery was cylindrical type. In other words, in Examples
4-1 to 4-14 in which the cathode active material layer 21B included o-TP,
m-TP, or p-TP, and the electrolytic solution included FEC, the occurrence
of ignition and the like was suppressed and the discharge capacity
retention ratio was increased, compaged to Comparative Examples 4-1 to
4-5 in which o-TP and the like and FEC were not included together. In
that case, a significantly high discharge capacity retention ratio of about
90% WakléF achieved. In Example 4-13 in which the cathode active
material layer 21B included p-TP, the occurrence of ignition and the like
Bawtasysuppressed Gutitheridisdlyprge capacity retention ratio was
increased, compared to Comparative Example 4-6 in which the electrode
Aniodtuded s T tThede tdréi ficwd gregrifitmed that, in the cylindrical

secondary-battery imwhich-the-anode—active materiat-tayer-of the—anode
o Al hadisgialstie paation 4

included ahifiCi"I graphi ;-because-the—Ccat ode aCtiV}ma@EkahJﬂyBr Discharge

included*tff&argmatic compoung.having three 5&Zene rings.and the! o

electr |}ﬂ*’i‘t’5’°¥ﬁlll igrttreluded the ester ParhnrmFﬁP’PP“Pﬁ‘\f,aining a halngpn

) Retention
the stog%ge_ gp/oa ractarist C%Candpgva_g)%t:clarg& :%‘[apg&rls;tle@er\i\/e resseeured.. .
Examples b-1 to 5-4 A procedure similar to those jin Exampies|4-dato 4-4

comdM@S. performed,| exceptithat QP was used instead of or TP as the aromatic
swmampound; The| camposition of the Solvent (EC:RCDMC'FEQ) wis a]
caVEIQNt ratio of 24;5.70:1. Examples 5-5 to 5:10 A procedure similar tg
athose|in Examples 4-9 to 414 was pérformed,— | ~ * * 8
fixampie 47
Comparative

o TP 1 25 5 it} e — — good x 77
Fxample 4-3
Comparative TaFFy

m-TP 1 25 ] 70 e e good ® 80
Example 4-4 1molkg
Comparative

TP )i 25 5 70 e — — good x 82
Example 4-5
Comparative LiPFy

o 290 3 790 5 TP 3 good good 81

Example 4-6 1mol/kg

As shown in Table 6 and Table 7, results similar to those shown in
Table 1 and Table 2 were seen, even when the anode active material layer
22B was formed using graphite as the anode active material and the
structure of the battery was cyvlindrical type. In other words, in Examples
.4-1 to 4-14 in which the cathode active material layer 21B included o-TP,
m-TP, or p-TP, and the electrolytic solution included FEC, the occurrence of
1ignition and the like was suppressed and the discharge capacity retention
ratio was increased, compared to Comparative Examples 4-1 to 4-5 in which
o-'TP and the Like and FEC were not included together. In that case, a

significantly high discharge capacity retention ratio of about 90% was




except that QP was used instead of p-TP as the aromatic compound.
Examples 5-11 to 5-14 A procedure similar to those in Examples 5-1 to
5-4 was performed, except that the composition of the solvent was
changed. The composition of the solvent (EC:PC:DMC:FEC) was a
weight ratio of 15:5:70:10. Examples;8-15 to 5-18 64 A procedure similar
to those in Examples 5-1 to 5-4 was performed, except that the
composition of the solvent was changed. The composition of the solvent
acKEC@dIC: OMEEG) was Bineighhiaticled Bt E0R0a Gomparatereal layer 218
Examples 5-1 to 5-4 A procedure similar to those in Examples 5-1 to 5-4
inovadodepfdifetle exoepethat dfiecsoluient did beihdtadesREGpftmssed and the
composition of the solvent (EC:PC:DMC) was a weight ratio of 25:5:70.
disateehenpuercharge wharacidiistics aundctte stdragengivarad tevisficsypirative
the secondary batteries in Examples 5-1 to 5-18 and Comparative
ExBramples G- inovbhdcve th e xalmitoa] e e sutisidedwp-IRPT ablE@ refdrTable Svas
were obtained. In Table 9, various characteristics of Comparative
corfamplesiiat, amd the apdiadushower@tlaiablegiBattory swlustréhe anode
Cylindrical-type Anode active material: Artificial graphite Cathode
actEecnuoiticisolaten Disdiamgeode included artificial graphite, because the
cathode active material layer included the aromatic compound having three
benzene rings and the electrolytic solution included the ester carbonate
containing a halogen, the storage characteristics and overcharge
characteristics were secured.
Examples 5-1 to 5-4
A procedure similar to those in Examples 4-1 to 4-4 was performed,
except that QP was used instead of o-TP as the aromatic compound. The
composition of the solvent (BC:PC:DMC:FEC) was a weight ratio of
24:5:70:1.
Examples 5-5 to 5-10
A procedure similar to those in Examples 4-9 to 4-14 was performed,
except that QP was used instead of p-TP as the aromatic compound.
Examples 5-11 to 5-14
A procedure similar to those in Examples 5-1 to 5-4 was performed,
except that the composition of the solvent was changed. The composition of

the solvent (EC:PC:DMC:FEC) was a weight ratio of 15:5:70:10.

Examples 5-15 to 5-18



Aromatic Occurrence of Ignition, eta. Solvent (wt%) Capacity Compound

Electrolyte Retention Salt After 2 After 100 Type we% EC PC DMC FEC

Ratio U) Cycles Cycles Example 5-1 0.1 24 5 70 1 good good 91

Example 5.2 0.5 LiPRe 24 5 70 1 good good 91 QP Example 5-3 1

Imol&g 24 5 70 1 good good 90 Exagaple 5-4 8 24 5 70 1 good good 90

Example5-5 0.05 J20 5 70 good good 90 Example 5-6 0.1 205 70 5 good

good 92 Example 5.7 0.5 I:FF0 20 5 70 5 good good 92 QP Example 5-8

1 Imalkgrafen Tf:5sgmakh gdod Bas kaRmerhlcd 2015t60564ead geatboied,

Example 5-10 4 20 5 70 5 good good 90 Example S-il 0.1 10'5 70 10
exgqdd gavdlcdranyitecs 0P the LoPFM 155 T 0Hihgodd gbbd &im@skition of

Example SI3 Imo llkg 16 6 70 10 ood od 91 14 15 70 10 good good 90
th&Esempie S46 RCIBVI0 BB §dodagoosveizht ratio of 5:5:70:20.

Comparative Examples 5-1 to 5-4

A procedure similar to those in Examples 5-1 to 5-4 was performed,
except that the solvent did not include FEC. The composition of the solvent
(EC'PC:DMC) was a weight ratio of 25:5:70.

When the overcharge characteristics and the storage characteristics
of the secondary batteries in Examples 51 to 518 and Comparative
Examples 5-1 to 5-4 were examined, results shown in Table 8 and Table 9
were obtained. In Table 9, various characteristics of Comparative

Examples 4-1 and 4-2 are also shown.



Example 5-16 0.5 LIPF9 5 70 20 good good 90 QP Example 547 1
ImoUkg 5 5 70 20 good good 89 Example 5-18 3 70 20 good good 89 66
Table 9 Battery structure: Cylindrical-type Anode active material: Artificial
graphite Cathode Electrolytic Solution Discharge Aromatic Occurrence of
16 ition, etc. Solvent(wt%) Capacity §pompound Electrolyte Retention Salt
After 2 After 100 Typo wt% EC PC DMC EEC Ratio (5) Cyclee Cycles
Comparative 255 70 - poor poor 89 Example 4.1 I1PEO Comparative
Imol/Keg B2 B70 5 poor poor 89 Example 42 Comparative 0.1 255 70 -
good poor 89

Battery structure: Cylindrical-type

Anode active material: Artificial graphite

Cathaode Electrolytic Solution
Discharge
Aromatic Oceurrence of Ignition, ete.
Solvent {wt%) Capacity
Compound Electrelyie
Retention
Salt After 2 After 100
Type with BC BC DMC FEC Ratio (%)
Cyeles Cycles
Example 5-1 0.1 24 5 70 1 good good 91
Exampla 5-2 0.5 LiP¥s 24 5 T0 1 good good 91
QP
Example 5-3 1 imolkg 24 3 70 1 good good 90
Example 5-4 3 24 5 k(] 1 gaod good o6
Example 5°5 0.05 20 5 70 5 good good 90
Example 5-6 G2 20 5 70 5 good good 92
Example -7 0.5 LiPFs 20 5 70 5 good goad 92
QP
Example 5-8 1 lmolkg 20 5 70 5 good zood 92
Example 5-5 3 20 5 70 5 good gosd G1
Example 5-10 4 20 ] 70 5 good good 90
Example §-11 0.1 15 5 0 10 good good G1
Example 5-12 0.5 LiPFy 15 5 70 10 good good 91
QF
Example 513 1 Irmolky 15 5 k(] 4] good good 91
Example 5-14 3 15 5 70 10 good good 90
Example 5-15 0.1 5 5 it] 26 good good 90
Example 5-16 0.5 LiPFs 5 5 70 20 good good %0
qr
Example 517 i imolkg B 5 70 20 pood good. 89
Example 5-18 3 5 5 iy 20 good goed 89




Example 5.1 Comparative 0.5 255 70 good poor 88 Example 52 LAPP,
QP Comparative Imol/kg 1 25 5 70 - good poor 88 Example 5-8
Comparative 11 25 5 70 - good poor 87 Example 5.4 As shown in Table 8
and Table 9, results that are similar to those in Table 6 and Table 7 were
seen even when QP is used as the agpmatic compound and the content
of FEC was changed. In other words, in Examples 5-1 to 5-18 in which
the cathode active material layer 21B included QP and the electrolytic
solutibalitelided FEC, the occurrence of ignition and the like was
suppressed and the discharge capacity retention ratio was increased,
Bagtarpateddoute ColnphrathaExamples 4-1, 4-2, and 5-1 to 5-4 in which
QP and FEC were not included together. Therefore, it was confirmed that,
Am@%a@yﬂa@eﬁ%s@oﬁd@@d&a&@rwﬁmwmh the anode active material

Oaed l ) me Ue(,d.Ube Ule LdUIUUB dbll [S] ”Id.lelld.l 67 Id.}/EI
Blectrpiytic Solution
included atie-competit-having-four-benzene rings and the piarse
X Zoition,
electrolytlc §6’ﬁf‘fﬁon included the estgr.carbonate cofitéiiiiig a tiafogen,.the
Compound _ Electrolyte
Retention
Salt After 2 After 100
Type Wit EC PC DMC TEC Ratio (%)
Cycles Cycles
Comparative
25 b5} TG — POOT poor 89
Example 4-1 LiPFs
Comparative Tmolfky
20 5 70 5 poox POOY 89
Fxample 4-2
Comparative
0.1 25 5 . 0 — good poor 82
Fsample 5-1
Comparative
4.5 25 ) 70 — good pOOY 88
Example 5-2 LiP¥Fs ;
QP
Comparative imolikg
H 25 3 il — good poor 88
Example 53
Comparative
3 a5 b3 70 — good poox 87
Example 5-4

As shown in Table 8 and Table 9, results that are similar to those in
Table 6 and Table 7 were seen even when QP 1s used as the aromatic
compound and the content of FEC was changed. In other words, in
Examples 51 to 5-18 in which the cathode active material layer 21B
icluded QP and the electrolytic solution included FEC, the occurrence of
1gnition and the like was suppressed and the discharge capacity retention
ratio was increased, compared to the Comparative Examples 4-1, 4-2, and
5-1 to 5-4 in which QP and FEC were not included together. Therefore, it
was confirmed that, in the cylindrical secondary battery in which the anode

active material layer included graphite, because the cathode active material



storage characteristics and the overcharge characteristics were ensured.
Examples 6-1 to 6-4 A procedure similar to those in Examples 5-6 to 5-9
was performed, except that DFEC was used instead of FEC as the ester
carbonate containing a halogen. Examples 6-5 to 6-8 A procedure similar
to those in Examples 5-5 to 5-9 was¢erformed, except that VC that is the
ester carbonate containing an unsaturated bond was used instead of the
ester carbonate containing a halogen (FEC) and the composition of the
laysgivantyies cHengednHeccompositivh batnegolventb(BgeRe: DMG: Y the
was a weight ratio of 23:5:70:2. Example 6.9 A procedure similar to that in
eleEtatypie sodasias padbidest thegetpt chth MG easadditzgd thelogen, the
composition of the solvent was changed. The composition of the solvent
stofpeerbMEEEG oy @paldd e svsitareio G1apcted 63 Curparsined.
Examples 6-1 and 6-2 A procedure similar to those in Examples 6-1 to 6-4
Exarmlanfiéded4to 6-8 was performed, except that the cathode active
material layer 21B did not include QP. When the overcharge
charabtBratiduardstme kb rey theriaraetdmstiop B dfdHe sulonaaryerformed,
batteries in Examples 6-1 to 6-9 and Comparative Examples 6-1 and 6-2
exqhpie ABIIRBA, Fean s ehowtiond abRE0 WorboBEMerIbe TRlse AT ALning

various characteristics of Example 5-8, Comparative Example 4-1,
a halogen.

Examples 6-5 to 6-8

A procedure similar to those in Examples 5-5 to 5-9 was performed,
except that VC that is the ester carbonate containing an unsaturated bond
was used instead of the ester carbonate containing a halogen (FEC) and the
composition of the solvent was changed. The composition of the solvent
(EC'PC:DMC:VC) was a weight ratio of 23:5:70:2.
Example 6-9

A procedure gimilar to that in Example 5-8 was performed, o except
that VC was added and the composition of the solvent was changed. The
composition of the solvent (EC'PC:DMC:FEC:VC) was a weight ratio of
20:5:67:5:3
Comparative Examples 6-1 and 6-2

A procedure similar to those in Examples 6-1 to 6-4 or Examples 6-5
to 6-8 was performed, except that the cathode active material layer 21B did
not include QP.

When the overcharge characteristics and the storage characteristics



and Comparative Examples 5.1 to 5-4 are also shown. Table 10 Battery
structure: Cylindrical-type Anode active material: Artificial graphite
Cathode Electrolytic Solut;on Occurrence of Ignition, Discharge Aromatic
Solventt%) etc Capacity Compound Electrolyte Retention Salt After 2
After 100 Type wt% EC PC DMC FE@E DFEC VC Ratio (Ye) Cycles
Cycles Example 6-1 0.1 205 70 - 5 - good goad 93 Example 6-2 0.5
LIPF& 20 5 70 - 5 - good good 92 QP Example 6-3 1 ImoUkg 20 70 -- 5 -
of guotbgoodiag® 1Extaenple 524320561706 1 obéddgood OanHampledizOniples
23570 - -- 2 good good 93 Example 6-6 0.5 LiPF6 235 70 -- - 2 good
6- Igeod 9B2QR: Exarmpiel 61 1 tesallky 9805 A0in-T2lgeotilysud @ 3bkxample In
6-8 323 5 70 2 good good 92 Example 5-8 LiPF5 205 70 5 - - good good
Tallz P, MExampleheBitotikti@0d Bxsmplgdod.Joemparative Example 4-1,

and Comparative Examples 5-1 to 5-4 are also shown.
Table 10
Battery structure: Cylindrical-type

Anode active material: Artificial graphite

Cathode Elecirolytic Sciution
Occurrence of Ignition, Bischarge
Arematic
Solvent {wt%} ete. Capacity
Compound Electralyte ;
Retention
Salt After 2 After 160
Type wi% EC PC DMC FEC DFEC vC Ratio (%}
Cycles {Lycles
Example 6-1 0.1 20 3 70 — B e good good 83
Example -2 0.5 LiPFe 20 5 70 o 5 e good good 92
Qr
Example 6-3 1 Imolkg 20 5 0 - 5 — good good 92
Example 6-4 3 20 ] 70 e 5 — good good v 92
Example 65 0.1 23 ] 70 e - 2 gooid good 93
Example 6-6 G.5 LiPFy 23 5 it s e 2 zood good 93
GP
Example 6-7 1 1molkg 23 5 70 — — 2 good good 63
Example 6°8 3 z23 A TG — — 2 good good 92
Example 5-8 LiP¥s 26 i3 70 5 — — goud good 92
QP H
Example 6-9 mol/kg 20 5 67 51 — 3 good good 92
Example 4-1 25 5 70 —_ — —_ poor paoor 89
LiPF;
Example 6-1 e e 20 5 70 —— a e poor poor 96
Imelikg
Example 6-2 23 5 70 L B 2 poor poor 90
Examyple 5-1 a.1 25 5 70 — — — good pocy 89
Example 5-2 0.5 LiPFe 25 ] 0 — — — good poor 88
QP
Example 5-3 1 Imobkg ©o25 5 70 — — — good poor 88
Example 5-4 3 25 5 70 — — — good poor 87

As shown in Table 10, results that are similar to those shown in
Table 8 and Table 9 were seen even when DFEC was used as the ester

carbonate containing a halogen or VC was used as the ester carbonate




Example 41255 70 - - - poor poor 89 LiPF5 Example 6-1---2070-5 -
poor poor 90 Imollkg Example 6-2 23 5 70 - - 2 poor poor E 90 Example
5-10.3255 70 - - - good poor 89 Example 5.2 0.5 LiPSe 25 5 70 good
poor 88 QP Example 5.3 1 1meUkg 25 5 70 - - - good poor 88 Example
5-4 731 1255 70 good poor 87 As sisown in Table 10, results that are
similar to those shown in Table 8 and Table 9 were seen even when
DFEC was used as the ester carbonate containing a halogen or VC was
confsetiag the estsrtcariedaied. codntaihing woutsdudaiedidad. Anldnérs in
words, in Examples 6-1 to 6-8 in which the cathode active material layer
whadB theloaideb QPagihia ¢hm atectrdaive slubominuklet B REG dhevdedteolytic
occurrence of ignition and the like was suppressed and the discharge
soluapaciipebiéatoR ¥at0 decYdastlle compasetas Cmnparativad thmnpibs was
4-1, 5-1 to 5-4, 6-1, and 6-2 that did not include QP and DFEC and the
supiReesyet erdBfecti sihikgac tiosstwieheRaasaite derg Frd. groymared
was used were achieved even when QP was used as the aromatic
to CompeuativndiFETD s thd e8tdriedhbbrizitb cortdirind atdidgun trdwis QP

as the ester carbonate containing an unsaturated bond were used in
anddaibkation! Spetikedingarh®&xample 6-9 in which the cathode active

material layer 21B included QP and
Effects similar to those when QP was used and FEC or VC was used

were achieved even when QP was used as the aromatic compound and FEC
as the ester carbonate containing a halogen and VC as the ester carbonafe
containing an unsaturated bond were used in combination. Specifically, in
Example 6-9 in which the cathode active material layer 21B included QP and
the electrolytic solution included FEC and VC, ignition and the like occurred
neither after 2 cycles nor after 100 cycles. The discharge capacity retention
ratio was also 90% or more.

Therefore, it was confirmed that, in the cylindrical secondary battery
in which the anode active material of the anode included graphite, because
the cathode active material layer included the aromatic compound having
four benzene rings and the electrolytic solution included at least one type
selected from the group consisting of the ester compound containing a
halogen and the ester compound containing an unsaturated bond, the
storage characteristics and the overcharge characteristics were ensured.

From the above-described results in Table 1 to Table 10, it was

confirmed that the storage characteristics and the overcharge characteristics



the electrolytic solution included FEC and VC, ignition and the like
occurred neither after 2 cycles nor after 100 cycles. The discharge
capacity retention ratio was also 90% or more. Therefore, it was
confirmed that, in the cylindrical secondary battery in which the anode
active material of the anode includedrgraphite, because the cathode
active material layer included the aromatic compound having four
benzene rings and the electrolytic solution included at least one type
weselentat-fdmetrr drowp dotisistingt ef thle wstdragohipoemddeoatdimingren terial,
halogen and the ester compound containing an unsaturated bond, the
thesttrageoharastshsicohhbetrrnodercivdiye chatacielistipsiwensdebsearbdttery
From the above-described results in Table 1 to Table 10, it was confirmed
strimetrtee Seragecchhracuhstlesanttithanaverihbilgsahamabidedtitbe7@romatic
were ensured regardless of the material used as the anode active
compaunial, herid figritatisnomeneod betkkenaoda grtvel rheeplediydy timeolion
battery structure, because the cathode active material layer included the
inchvstedtiet dennbound pathe eites onrrhorsberieateinngg anbiakegen and the
electrolytic solution included at least one of the ester carbonate
esteyriaihipacdchetsdaimang ameuasiieatsdimedonfamagt s aburaeipund
bond. In particular, it was found out that more favorable effects were
oufdhielen whetr sl alRdivirg Mireenehys @ensitye sdiseniciéeiag high
used as the anode active material, because a rate of increase in the
- engRsyhdeyeitEpad FekanYioh Y userbasdbelerodecigteraa tprid because
result, a decomposition suppressing effect of the electrolytic solution was
a ﬁ%ﬁﬁ&ﬁm%&Ié?é@%é’éé%%@@@c%ﬂﬁﬁéb‘iﬁowtﬁﬁﬁéﬁ@ﬁéﬂmé“él’@iﬁﬁ@l@tic It is
solution occurs more easily through use of silicon
thought that, in the result, a decomposition suppressing effect of the

electrolytic solution was remarkably displaved because decomposition
reaction of the electrolytic solution occurs more easily through use of silicon
that achieves high energy density as the anode active material, compared to
the case that a carbon material is used.

The invention has been described with reference to the embodiments
and the examples. However, the invention is not limited to the aspects
described in the foregoing embodiments and examples, and various
modifications may be made. For example, in the foregoing embodiments
and examples, in the case where the electrolytic solution or the gel
electrolyte in which a polymer compound holds the electrolytic solution is
used as the electrolyte of the battery is described. However, other types of
electrolytes may also be used, such as: an electrolyte that is a mixture of an

ion-conductive inorganic compound, such as ion-conductive ceramics,



that achieves high energy density as the anode active material, compared
to the case that a carbon material is used. The invention has been
described with reference to the embodiments and the examples.
However, the invention is not limited to the aspects described in the
foregoing embodiments and examples, and various modifications may be
made. For example, in the foregoing embodiments and examples, in the
case where the electrolytic solution or the gel electrolyte in which a
ionpaiymheciiemptassd tolds thendlectioly trysshtiomid thsedlastthiytic solution;
electrolyte of the battery is described. However, other types of
an edbettohhds nhypalso denussdrsuch asrahesicatersaa thatimaanixturenst the
an ion-conductive inorganic compound, such as ion-conductive ceramics,
elegtrobricordutiive glads aor idactorivtietiteadrystal, mngtive «lédhelyiorganic
solution; an electrolyte that is a mixture of another inorganic compound
coranduhd whectintytiel sdraivelyand an electrolyte that is a mixture of the
inorganic compound and the gel electrolyte. In the foregoin
embddirfentdegrpanpheliasahts b grape tve aithmbitery type, the
secondary battery in which the capacity of the anode is expressed based
litlymmsenisacend exirhatinrointibinpetsamusiinohtisl aeedpdagrpressed
battery in which the capacity of the anode is expressed based on
basgrebositibAcEFRPRSYbRIIEAGTMM i tdrataeaabdie Hdwevemgialgeendary
type is not necessarily limited thereto. The battery of the inventionis
bagipyaly vehbisicabie tePagdEGdEry BARES 1h WHERSIRANARREY thedapagjéion
capacity of the anode material capable of inserting and extracting lithium
angdpfisier iaAntRE BRRTEE s dRy GRS catiome e thpderdfentHape is not
anode includes the ) )
necessarily limited thereto. The battery of the invention i1s similarly

applicable to a secondary battery in which, by making the charge capacity of
the anode material capable of inserting and extracting lithium smaller than
the charge capacity of the cathode, the capacity of the anode includes the
capacity based on insertion and extraction of lithium and deposition and
dissolution of lithium. Moreover, the capacity of the anode is expressed by a
sum of the capacities.

In the foregoing embodiments and examples, the case where the
battery structure is the cylindrical type and the laminated-film type and the
case where the battery elements have a spirally-wound structure are
described as examples. However, the battery of the invention is similarly
applicable to the case where the battery has another battery structure, such
as square-shaped, coin-shaped or button-shaped, or the case where the

battery elements have another structure such as a layered structure. The



capacity based on insertion and extraction of lithium and deposition and
dissolution of lithium. Moreover, the capacity of the anode is expressed by
a sum of the capacities. In the foregoing embodiments and examples, the
case where the battery structure is the cylindrical type and the
laminated-film type and the case wirere the battery elements have a
spirally-wound structure are described as examples. However, the battery
of the invention is similarly applicable to the case where the battery has
batdaothef thatteryesiticture rstdimatedoiwarecsmalzet, loaibestespaodors similarly
button-shaped, or the case where the battery elements have another
apslicdilestheh GpadafdrettstiastseciT he 72 ettty o ttteeynvention is
not limited to secondary batteries and is similarly applicable other types of
battefieshsufshremoangrienabpdianenys lanHeforagolier) ehebontimerteranldthium
examples, the case where lithium is used as the electrode reactant is
1s yesdribedhdonlevinds aprcleatiotie desseidied otHdp@esap B& elanmdactrode
such as sodium (Na) and potassium (K), a Group 2A element such as
reapiagHesitha Uigpand detdeme t uch omepdighn (e sudpataiinmik), a
may be used. In these cases, the anode material described in the
Greapegaing et rneht an ay anestanas Mg handecataivan ifaseriar a3heailight
In the foregoing embodiments and examples, regarding the content of
meipdraneh esnspvaHaHhe eathedisegtivd makesal tayer; ibmeanedeymaserial
derived from the results of the Examples were explained as appropriate
desgrijed. Howavefornsang aabof ideatnBtav gl seRdanythe Brsehieyive

that the content may be out of the stated ranges. In other words, the
material as well,

In the foregoing embodiments and examples, regarding the content of
aromatic compound in the cathode active material layer, numerical values
derived from the results of the Examples were explained as appropriate
ranges. However, the explanation does not completely deny the possibility
that the content may be out of the stated ranges. In other words, the
appropriate ranges described above are merely ranges particularly
preferable for achieving the effects of the invention. As long as the effects of
the invention are achieved, the content may be slightly out of the range.

It should 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.



appropriate ranges described above are merely ranges particularly
preferable for achieving the effects of the invention. As long as the effects
of the invention are achieved, the content may be slightly out of the
range. It should 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
CltAéMBf. 73 CLAIMS: 1. A battery comprising a cathode, an anode, and an
electrolytic solution, wherein: the cathode has a cathode current collector
and a cathode active material layer provided on the cathode current
collector; the cathode active material layer includes an aromatic
1. compobattelhgviog thieengr anaridibéazenenings; and theadtstiralytic solution,
solution includes at least one of an ester carbonate containing a halogen
whamdiah ester carbonate containing an unsaturated bond. 2. The battery
according to claim 1, wherein the ester carbonate containing a halogen
contafhs fluslidd adtime hatwgbods. dingdeattentlactordimpteclathoder 2ctive
wherein the ester carbonate containing a halogen is at least one of
matdinelday 3= dioxoldad-onoite aadhads- difiorsmot ¢odlelibxolane-2-one. 4.
The battery according to claim 1, 2 or 3, wherein, the ester carbonate
contathingarhadeannatesd bovidinlibyfeneisalbdeaten aromatic compound

having three or more benzene rings; and
the electrolytic solution includes at least one of an ester carbonate

containing a halogen and an ester carbonate containing an unsaturated

bond.

2, The battery according to claim 1, wherein the ester carbonate

containing a halogen contains fluoride as the halogen.
3. The battery according to claim 1 or 2, wherein the ester carbonate
containing a halogen is at least one of 4-fluoro-1,3-dioxolane-2-one and

4 5-difluoro-1,3-dioxolane-2-one.

4. The battery according to claim 1, 2 or 3, wherein, the ester carbonate

containing an unsaturated bond is vinylene carbonate.

B, The battery according to any one of the preceding claims, wherein the



5. The battery according to any one of the preceding claims, wherein the
74 aromatic compound is at least one of terphenyl and quaterphenyl. 6.
The battery according to any one of the preceding claims, wherein
content of aromatic compound in the cathode active material layer is
within a range from 0.1 wt% to 3 wt%y 7. The battery according to any
one of the preceding claims, wherein the anode includes an anode active
material including a material having at least one of carbon materials,
ardithittne noetqpleyind meteldcmnd metalfdicpasan! eteinpnit8riielyattery
according to any one of the preceding claims, wherein the anode includes
an anode active material including at least one kind selected from the
group consisting of a simple substance of silicon, an alloy of silicon, and a
6. compbbndbatsiivon@eddsinpleasgbstancd dheinpervedoyzottnpandiherein
compound of tin.
content of aromatic compound in the cathode active material layer is within

a range from 0.1 wt% to 3 wit%.

7. The battery according to any one of the preceding claims, wherein the
anode includes an anode active material including a material having at least
one of carbon materials, lithium metals, or metals and metalloids as an

element.

8. The battery according to any one of the preceding claims, wherein the
anode includes an anode active material including at least one kind selected
from the group consisting of a simple substance of silicon, an alloy of silicon,
and a compound of gilicon and a simple substance of tin, an alloy of tin, and a

compound of tin.



