1 BATTERY CROSS REFERENCES TO RELATED APPLI CATI ONS .
The present invention contains subject matter rel ated
to Japanese Patent Application JP 2007-162185 fil ed
in the Japanese Patent O fice on June 20, 2007, the
entire contents of which being incorporated herein by
reference. BACKGROUND OF THE I NVENTION 1. Field of
the Invention The present invention relates to
~a battery including a cathode, an anode, and an
el ectrolytic solution. Fam™eseyi ption of the Rel ated
Art In recent years, portable electronic
devi ces such as canera-integrated video tape
recorders (VTR), nobile phones, and | aptop persona
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secondary battery using insertion and extraction of
rqiereReem f or charge and di scharge reaction (so-call ed
. I'ithiumion secondary battery) and a secondary

battery 2 using deposition and dissolution of

lithium (so-called Iithiumnetal secondary battery),
BA&ILuBOUNDHeF TaHe AW ENREINy is achi eved conpared to

a lead battery and a nickel cadm um battery.
1 Theidsefabrdavynfabt eri es descri bed above have an

el ectrol ytic solution including a solvent and an

el ectiol ytaestlibvdittisotaletbsi 1o 4 Hateel atindink &l oselode, an

solvent that is a mxture of a high-permttivity

as@ley @Rl sdnle@rdigWic WbRERSI. Ly sol vent is widely used as
the solvent. H gh-permttivity solvents include, for

2 EBaPiptonItiyt EReateardipnat e and propyl ene carbonate
that easily solvate with the electrolyte salt.
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demanded for the electrolytic solution. In other
liglety wyaight t sqeandagyo bakisries hﬁ@Wﬁehs@c GREETYy dsBeiter gre being
suff|C|entIy endure even a state in which a high ’
srslanggdersanpoaehpevee firtdepostabde gleatronicaiarines: val ues
are applied. Possi bl e cases in which the high
vol t ddestaptbrhisgig cunemntthar secapphivehadfiesiesfore a secondary
exanpl e: the case that a power supply circuit or a
bathanygesing ankertidrhend aseractiat ditdhwot for chetwer ged tihambharge
is equal to or nore than a predeterm ned anount is
reaptibn dsb-asllal Hitlhitn iof saicudsey baterusend ocadhigryt battery
secondary 3 battery to beconme overcharged; and the
case that a high current is applied because of an
external. short circuit, an internal short circuit,
and the like. In the cases described above, the
el ectro] ytic solution is deconposed on an el ectrode
surfaceé, so gas and deconposition heat are generated.
In this case, if the gas and the deconposition heat
are continuously generated, the secondary battery may
expl ode or ignite. In particular, lithiunftransition
nmetal conpl ex oxides that are widely used as a



In a first aspect of the invention, there is provided
a battery conprising a cathode, an anode, and an

el ectrolytic solution, wherein: the cathode conprises
a cathode current collector and a cathode active

mat erial |ayer provided on 4 he cathode current
collector; the cathode active material |ayer includes
an aromati c conpound having three or nore benzene

11l ngs; t I vtic | ian 4 ncliyjdes;.at. :
uSlﬁE%ag?p%Sﬁ@g%f rl‘glr(lie e(g%ge(?ﬁlct:]ér oor{gﬁl gﬂ%%lﬁt agﬁ?ficﬁjae‘i Hgli"ﬂi’é%nmetal
and a t ex car bonat.e cont ai ni an unsaturat ed :
Sef’%‘bq%d';yqaaﬁgewz’e‘?%qaﬁwe ghGK CReTE AP e %‘éﬂ%p?%%ﬁlieﬁ to a

the cathode active material layer is within a range
leaq pafeapand onickel sadeiamatierya % In the
battery according to an enbodi ment of the invention,
t he That deodedaxgt badennt desatibédgbové havedasledtrolytic solution
aromati ¢ conmpound having three or nore benzene rings,

incladihg heobleattar@l ¥hielectfilitd 41t AMHoURRISinAthe RBSANtONA mixed
of an ester carbonate containing a hal ogen and an
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result of a synergistic effect ‘be en the aromatiC

n nd. t e esfer garbonaf.e, cont ajning a, hal oge
solEATRR DGR skl o E T B Y AEHER TR HHAGED DS Shbtude,
bond, . ovey charge jnhi bitipn function nmay be_ sustaj ned
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. discharged. D scharge capacity becones less |likely to
withclthee plectealyte ofaler hiogtivisenpidy asalventst amclyde, for ‘example,
Therefore, both storage characteristics and
diethy® icattangee c hanaidtyd reasborestemrayd g hehsuthst] carbonate that are
Fig. 1 is a cross-sectional viewshowng a structure _
sup8FioR iRAbhRS Yottt 0 Rébading St cATBOGLBRNT }e ERBtrolytic
i nvention; Fig. 2 1s an enl arged
: i | i : ) : ; .
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[ expl oded rspective,vi how ng a.structure . .
saltpnityiipfio, SnduBedii o el i mahBe SIertRondpgtivity.
i nvention; .and Fig 4 Ls a cross-sectional )
vi e viadgtys of ¢ thec saeandsiry s baphiers| isy talgmdnto account, in
el ectrode body shown in Fig. 3, taken along line
- additien vto DEtpAtEDCERBGRIITY, OWitEsthd PRERERRED an important
EMBCDI MENT Enbodi nents of the invention will be
chatretedistit tdem dedal fdrethd sledetodytic wohltisief ereslertwotdre it is
drawi ngs. First Enbodi nent Fig.. 1 shows a
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first enbodi ment of the invention. The battery 1s a

whi%}j}ltag EH nio‘gdgt%%@c %&taaay%gg§ tcﬁWeé{tge}\f@eﬁﬂlé &, SARAC I Hies are

eXpr es base ninsertion an
a gxéraction of lithium the lithiumserving as an
PPAF%ct r ode reactant . In the secondary battery,

a spirally wound el ectrode body 20 and a_pair of _
i ns P%?H?gcagﬁeﬁtuééﬁ’@héhﬁ%ghé’lo age srsbhigh curpent areyapplied
can 11. The battery can 11 is an al nost hol | ow
are,dpr iewdoyple Whehiase tHmtspippwiek ysupoln diretigodr @ dbatgeayfails; the
20, a cathode 21 and an anode 22 are spirally wound
 casentlidt ansdpetrnt charzd thathetayren.toldrembat thay L phedbteiBined
made of, for exanple, nickel (ND plated iron (Fe).
amoie 18N y bs. £1@8edoAy
7 endglg e?(%e%% élb?é gggn%%.ﬁﬁ'sl'%éee Iggif li;L;f%?’i %su a% ﬁ%gogé&gﬁdary
plates 12 and 13 are di sposed to sandw ch the
spirally wound el ectrode body 20 and to extend
perpendicular to the circunferential surface of the
spiral w nding. The battery structure using the
cylindrical battery can 11 is a so-called
cylindrical -type structure. A battery cover
14, a safety val ve nechanism 15, and a positive
tenperature coefficient (PCT) device 16 are attached



The aromatic conpound is, for exanple, o-terphenyl (o
represents orth.o position), mterphenyl (m
represents neta position), p-terphenyl (p represents
para position), quaterphenyl, 2-nethyl-p-terphenyl,
9, 10 - dip he nyl- anthracgne

,1,2,3,4-tetraphenyl benzene,

1, 2, 3, 4-tetraphenyl napht hal ene,

-1 et nyl paph ene r . : .
batfedd, 6 bAGE dBRIGNG RIS 88 18 185t sohighuuumephds gpplied
i N _conbi natj on. ng .t he conpounds t | east. one_of .
becayss, r?go A € fr?&lnahgﬂg?tp%wﬁ 2w 1pterpa) égprst piEeuilisang the like.
sufficient overcharge inhibition function may be

In phecasesidegcihed; abewes ¢he plectaplyhisnsulutionpselespriziosed on an
because the aromatic conpound is less easily

elediredo budldcdsotdee middecohysditiondleat iaea gehtrgeds In this case,
wi t hout saying that, as long as the aromati c conpound

- if iRs ghBr £8d Othe"@eBoRPBZIEI HeRfSard BEnAhABBENC generated, the
conpound is not limted to the conpounds above.
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|nsertin nd extracting, lithiymserving,as the .
meldI38nIRe Hlfe U S By it ok e Aefavt magerial are

i nsert,ing and extracting lithiymis, for exanple,
knqwyg ﬁPLhﬁcgﬂedEPS‘Tf’}tl}lﬁi%ﬁg%Pﬁ d@ffe%ﬁ@ PFHESnC When e secondary
conpound including l'ithium or a lithiumcontaining
batgenyps wvercharged éfariexample phefep ha Selid dtpoe honic6Ond.R Dahn,
the materials above, a conplex oxide including '
et dli, t199dnpagel265X.r ansi tion netal elenment, or a
phosphat e conmpound including lithiumand a transition

et aheleBBAIlytie soldtibheflading thd Matdd Gulvdnt that is the
material that includes at |east one type anong cobalt

misk P ’Qﬂlfégs};igh-g%g&%?ﬁﬁ g%@%eﬁt') Elgg’ ’%}ﬁée T&v%@osity solvent is

vanadl um fita

rapnsitiop-netal el ement, i rref erabl e.. A chem ca
adv g cisoor Sy Badi of efoaldif s6bdRciitsy oomexap) because
ixM02 or, LiyMIPO4. In the fornulas, M and MT .
OXIGATAPR, GEPSHFHENER 1F0AeW: WFadatare  degosrngsifionephithe electrolytic
elements. Values of x and y differ based on a
solthen gaeidy apiirdioscther glentrode suefask when bbe secondary battery is
‘Typically, 0.05.5_1.10 and 0. 05y<1.10. Specific
oveeotmrgbés O thie iaetmicex wixémlen ilnbiwditRgnbition widtahdomplex
transition-netal elenent are |ithiumcobalt conplex

oxidXigl@séd iasGHI2)a thollb M defPe NGl 8tia L AR é’é‘coﬁﬁﬁﬂg ]e:)attery ignites

(Li.Ni02), lithiumnickel cobalt conplex oxi

o L O - < it hi | ckel. coba

Wit g Duat) Egdn, i ESSRE" g3  of o-called
theO<MK1 and v-Fw<l)), and |ithium manganese conpl ex

BRPHEREN ng a spinel structure (Li Mi204). The

compl ex oxide jncludjng lithiumand a_ . o )

tr adsitesiBHgRe R vapehert tegrchatge mehibitnr iscangludedain the

conpl ex oxide in which a part of the transition-netal
elecsradfbiat solndiondad imprivee aedvty debeni ted scompilawy dxittery is

is substituted with another netal el enment (such as
overdhargadimevsn ihghe bove(ddyibed @ies eobRak!list YR is known.

conpl ex oxide having a |ithiumcobalt conplex oxide
OveaBh&raNSn Ribitrk ARR1GAY et Mhhipia FeppOynd cgzasif.é&&ﬂgnzene,

ni ckel , manganese, fluorine or "the |1 ke. Speci

exanpl es of the phosphate conpound including Iithium

and a transition-nmetal element are [ithiumiron

phosphat e (Li FePO4) conpound and lithiumiron

manganese phosphate (LiFet., MiuPO4 (0O<u<l)) conpound.

The cathode material capable of inserting and

extracting lithium 13 may al so be ot her netal

conmpounds or polynmers. The other netal conpounds are,

for exanple, oxides such as titani um oxide, vanadi um




a netal material such as copper (Cu), nickel, or
stainless steel. Anong the materials, the anode
current collector 22A is preferably nade of copper
because high electric conductivity is achieved. The
anode active material |ayer422B includes as an anode
active material either one type or two or nore types
of anode nmaterials capable of inserting and

. j lithi Lwi ng . el react

t p@ﬁ%y‘l@éﬁdg@g,a . r%'ei‘ﬁ%{z‘xgd, ARidlle Qfeg-fxpa&?ves Abhenyl,

Thé ano ctive ral layer 22B may al so i ncl udk

an. ctri cal conduct.or.,a binge a .Vviscosity,
4’4ng](§$%ﬁ%gﬁ?lp g‘@ﬁée?ﬁ@@@@%?ﬁ’i ng C{ilborﬁgé’ﬁpﬁ@’l%rr gitHgn,  and
“capacity of the anode material capable of inserting
NONIE GTORAL G, OMPE meludioge 2sliphenainrepanpaer erealkyl |
chargi ng capacity of the cathode 21. The anode
grofpt &or apxayaphih| xefof {onskappinege abbesanined | Pateanitt Aipphication
is, for exanple, a material that may insert and
Pulglxdatiot Nokhi HO7e802613s #H09-a496835NeHOH- 17 1880al H10-321258,
el ement and a netalloid elenent as an el enent. Use of

Hlen7a6ede HIB16ab1desrddietsehaye hoopiehabab! %0&)3-022838,
because hi gh energy density is achieved. The anode

200BBH ST a@y%%%@gﬁi%E%H&%%gggg an alloy, or a

-conpound o e or a talloid el enent.

Al t er nat,i vely,. the .anode mat eri al nmay.have.one or )

o & BRERGuY o SGhiBhr e, BB ihaTha FRhimES if agiided in the

_ ﬁ&f anenéion includes an al |l gy containing one or

cathofe 1psfgad iy hee elecirolgfieneiitionds dse kowm(for example,
types of the netalloid elenents, in addition to an

refeg] toyapemess dthtentt Wo. 637 78808) meiml thel eedniigue, terphenyl is
Moreover, the alloy in the invention may contain a

mixednwetiakhe cachelienlctivA intbiibe 0fd i®uddd oY A®Mthode active
include a solid solution, a eutectic crystal

mateigetde,c M xture), an internetallic conpound, or a
coexi stence of two or nore types anong the 15 solid
solution, the eutectic crystal (eutectic m xture),
and the internmetal lic compound. The net al

. : ' nt conposi ng the anode
SUW%E{%Q%{’Q@ Wﬁbwa metal elenent or a
nmetall oid el ement capable of formng_ an alloy wth_
i t FQFRVespRvars ie bire gase whesethe overohenge onhibitoa|is onguded
~elenent is magnesium boron (B), alum num gallium
in tl@a)eledtmoliyton olmitjorsidr ¢he ¢Shodegahnaovemhba e inhilsitor is
(‘Sn), lead (Pb), bismuth (BD, cadm um (Cd), silver
decdd@psed iBiC oxZdytionrabietivg HedactionC ofi the eldctrodtkt WHER the
(Y), palladium (Pd), platinum (Pt), or the like.
secdNHMFY %ﬁ@te@&eﬁ@nfei)ea%édigleza{aéggg 9haSididd2Reapd t'![‘ﬁerefore,

is particularly prefera cause silicon~and ti
[ y ab] f_insertin nd tracti .
chaff bl 1 ARE TeBaBlath IS B8 ShbqSitonthy pgjtery s
anode material, containi at | east, one of silicon and
 oveyqhipreed Geleriad iy hsTemmaliope AeBhanReChaACITGES end to
a conpound of tin; a sinple substance, an alloy, or a
easyy festanseof Manepren; while ghepewarchargeainhibiton enbanges eafety
phases thereof at least in part. Each of the above
wharayhdeeossthrgl baderpris avelrdhatdedy thberveothampe hehibitesl may
i n conbi nati on. An alloy of siliconis, for
cau@Xasgrease andRichayes eap adity Badaleck@RRlinQtBrddP&haracteristics.
selected fromthe group consisting of tin, nickel,
copper, iron, cobalt (Co), manganese (M), zinc,
indium silver, titanium (Ti), germanium bismuth,
antinony (Sb), and chromium (Cr) as a second el enent,
in addition to silicon. An alloy of tinis, for
exanpl e, an alloy containing at |east one type
selected fromthe group consisting of silicon,
ni ckeél, copper, iron, cobalt, manganese, zinc,
indium silver, titanium germanium bisnuth,



20 conpounds may be used alone, or a plurality

t hereof may be used in conbination. A material having

a high heat capacity, such as al um num oxi de

(alum na) may be conbined with the above-descri bed

pol ynmer conmpounds and used. The separator 23

is inpregnated with the elegtrolytic solution serving

as a liquid electrolyte. Thé electrolytic solution

conttai R4 ewl oIf ehanﬁkeegalsgLvent1andeamr&b3@ttolyf@vide a
sal t dlssolved in the sol The solvent

b IEde D Radt ofieS o1 Hh GStEr Tiidiat elaracteristics
aroRt2-ehRgga BRhegen. aNg: Ak ester carbonate
containing an unsaturated bond. A coating is forned
on tReds #rééesasﬂectthé%a‘f%démﬁnwfth Hifodes 2provided
a Theselone, degomposilion ofcdfipal ectyol yhheasol ubian .y
is suppresse and discharge capacity does not easﬁ
eldgetredzeievesoundiern hi gihstrerdper athie e sttdreage. cbmprlses a
rtlcular t.he atove-described coatin | suppr.esses
4 eggﬁp03| i9h of ?Eg gPonﬁ%ﬁ% con%%%&? in dd§ iprterial
latvhe catrbodae2l, ohn addi ticanhbdet heudeentrposblient®f; the
the electrolytic solution. In thﬁ$ case, when a part
cagnoffe gk oifat M LEBAPOURBYEF USRI 1Y FoPRRtLC compound
ha¢@abi Nhrddes £0abirag dormd oalﬁﬁg suhbaagOf eibeirolytic
cat hode 21 becomes nore solid. Therefore,
SodeEdnposi P bIIDT the el ol9ts ¢ Odol @Pi oRSHAY carbonate
coﬁEQﬂgEhg conpawgd. i s, fyrLher, s%%Bpfc%%%%‘i%atAS caox{t%%‘ﬁ'ﬁg an
‘the discharge capacity bécones [ ess I kely
undetueaSed dndulheenvtrah&ﬂgsmunhphtbnon bﬁncth@n dsomatic

urthgr E‘aine even if_the ba ter% ? repeatedl, ni _

COLRAVYed 1 And i SEhAryEd. 2 Xbt tovEE tohheh (AESAr ofmttie i 2

raf@apousd iisowsed. 1 nvtcpndy nadduan 3V\/b«1t|% the ester
carbonat e contai ning a hal ogen and the ester

car bBnatfe c&ittdismivng 28R GHSAE ur Bt edho P OfREend1 of  the
infbSENaR ge rhapaci tholecames vai gRidd.cant | ya{ess ; |nb‘i%li¥s an
to decrease as a result of a synergistic effect of
arehet £onbPmaPhBA, hevéndi ftidecar ohalPee corpoand izgngs, and
n n e e
,th%i g%ﬁg?g% ap%c%@?t%ﬁ) fncj%ﬁdgse:%tgrfeggsa% oﬂé‘| of an ester
“cac@@m&menrmpﬂﬁﬂxnym@*pmefemfudq¢n|nehddeSnflustene @&srbonate
coating is_forned, conpar e

CO? %Wen%asaenth‘é’f‘sﬁtfﬂjé?]c%‘gl Bend- are fficl dded s oL 4

syRSt @l s CaF b@h‘!@b@tCQﬁweﬂérﬂgtﬁbUQarrldﬁ@tll&, ESMpRXAPhBd the

a cyclic carbonate or a chain carbonate. The cyclic
ese@¥ boRarkopate containing a halogen and ~ the ester

cafisdh Mot 0- t]:ogltgb.ﬁiﬁlganedr? Oﬂﬁs§t§rgtéé-uo'b%ngi 3- déx?@%k%rge'

ne- 2- one, 4, . “tetrafluoro -1, - di oxol ane
inh b ighieon 4fumcﬂsl® rnevr bl gosdainegd- @N@)QOIW@@@ Zheorimtiery

X e, he ik
s T e g L B B e it Bt o
beatryd Y4 | Lidraey hy® dacbeonsd eevemetah&tler hlgh temperature
(2- quoroet ¥ﬁ%$carbo atﬁ% bis (2-fluqroeth ﬁ
StAYonat e, %5?bp3?o t hyToR@Fbon %¥3Q) rgics  and
ovéﬂmrgﬂwe;h%&ta%rteqars&q&@t esymBy bgsused. al one, or a
plurality thereof may be used in conbination. Anbng
the ester carbonates, at |east one of 4-fluoro- 1, 3
BrIEN PEAAMSTTOR TNGHEARRANINGS
4,5-di fluoro-1, 3-di oxol ane-2-one is preferable
because a sufficiently solid coating is fornmed. In
this case, 4,5-diftuoro-1, 3-di oxol ane-2-one i s.
pref erabl e because 4, 5-difluoro-1, 3-di oxol ane- 2-one
is readily available and forns a nore solid coating.
In particular, the 4,5-difluoro-1, 3-di oxol ane-2-one
- is preferably a trans isoner rather than a cis
i somer. 22 vinylene carbonate, vinylene
(4, 5-di phenyl ) carbonate, vinylethylene carbonate,
aryl met hyl carbonate, or diallyl carbonate. The ester



Next, the cathode lead 25 is attached to the cathode
current collector 21A by wel ding. The anode | ead 26
is attached to the anode current collector 22A by
wel di ng. The cat hode 21 and the anode 22 are then
spirally wound with the sepgrator 23 in between,
thereby formng the spirally wound el ectrode body 20.
A tip of the cathode lead 25 is welded onto the

f ef. l. hani 15. A ti f th | epad 26
o2 i 0, TRENSREIT i ¥ BB 570, B
{.rall d electrod dy 20 .i dw ched
BB AR LIRSS B 2005 sonouened

the spirally wound el ectrode body 20 and the pair of

i nsUfigt i2ngp pmaevlarged ardss sectiendlowsed showihg Dhabréoy of a

can 11. Next, an electrolyte salt is dissolved in a
spisdlweouniirdéetdodgbedy bhawsh iariigofi; t he ester carbonate

contai ning a hal ogen and the ester carbonate

CONtEikNiaNgs aih YRpRIdedapersRenide WRowa sh8eiht a Idfucture of a

el ectrolytic solution is prepared. The elecCtrolytic
bat8GlyHdcBRihg thRERHur iy 5an 11.
a e gl QFR)r@%@ﬁﬂﬁﬂu&%%?of@ﬁ%g@&%ﬁ%ﬁgéggk

Thé el ectrdlytic solution 1 npregna at or

23. {Finglly, the battery. cover .14, . the safety valve .
nec thlﬁi S{g, Y FRE Vb‘lg{’/i%}?“il@ga?‘esmlﬁté%eo% g spirally

th peni_n nd_of the_battery can 11 by bei ng

WO‘&%CE P%é&f%@t doyes ke f1a. B, tﬂﬁea alerg line TVHlY.
secondary battery shown in Fig. 26 1 and Fig. 2 is
fabri cated. Wien the secondary battery is
charged, for exanple, lithiumions are extracted from

DETAZLED BRECRIPTION OFTHEPROFERRED RAMBOTHRIERA
into the anode 22 through the electrolytic solution.

On HigbédikentBaFdhe WaoBniHE Wat b& Héréiﬁ;g@dg% oﬁgg&gg&a in detail

the lithiumions are extracted fromt

' withirgfgrgﬂ&%mﬁag%&&a inserted into the cathode 21

t hroug rol¥ytic solution. In the
. ondgry battery, in the case where the capacity of
F“@ﬁﬁ?iﬁﬁgaﬁeﬁ_ i s expressed based on the insertion and
extractjon of lithium the cathode active materi al
| ay &80 Bhews: accresy prsdtond strectyge ofam batiemstaceording to a
conpound having three or nore benzene rings, and the
firse pethadgingot ©f stgre univentionc| Thesbatttetyeast lithéunf idcheecondary
_ ester carbonate containing a halogen and the ester
batizay iordiieh chacapacitg ofan wrkhde Uk akprbdReA®aséd ohRhSertion and
case, because the aromatic conpound functions as the

| exXtiA¢EIG AR B WA gﬂ% L®hiurh l’é@rﬂﬁ?ﬁ%ﬁ QR ctRIARLEL éi CS

i mprove. In addition, becaus ester carbona

il d. th t {
cont aithe e BnATPRERRR s, SHRE! Bhuhd A80RHTG bary ppand o
P8 SRAGe BRI S o A8o LD o1ty FITCd ORI bHAFS con 11 The

suppressed, the storage characteristics are inproved.
battiegy fam ild Asapn %h?é@sﬁsgoltlw eovderd e Féithire dhe ontiraldy wound
suppresses deconposition of the aromatic conpound, in
electiidiet hasly 20, aeathpdsPiizn ah ddeleel2atre apyitally wound with a
solution, the overcharge inhibition function is

sepatasbnlBed beywBenf The IReEANMRMY 1D HRide dfsfdreR@atfid! Hickel
charged and di scharged. The overcharge

(NDHBEAE 11 FHd) €S OHeCerdd 8RR HARLY ch TP PYEhpsdt and th8 other
result of the synergetic action by the conglna?lon of
the aromati c conpound with the ester carbonate
contai ning a hal ogen and the ester carbonate
contai ni ng an unsaturated bond, the discharge
capacity becones significantly less likely to
decrease even under high tenperature storage,
regardl ess of the aromatic conpound bei ng incl uded
that, when al one, causes decrease in discharge
capacity. Therefore, the storage characteristics




31 Fourth Enbodi nment Fig. 3 shows an expl oded
perspective structure of a battery according to a
fourth enbodinent. In the battery, a cathode |ead 31
and an anode | ead 32 are attached to a spirally wound
el ectrode body 30. The spirally wound el ectrode body
30 is housed in a filmlike package nenber 40. The
battery structure using the filmlike package nenber
so-cal.le am .nat.ed s ructu
emﬁ@%%saﬂlﬁ Bt i Tl U paRlacizplsBonn2 andohd Ave disposed
exanple, respectively directed frominside to outside
to s }éaéh%gépﬁﬂiyerwﬂgndn el¢redarebelly e20i and Tee extend
cathode lead 31 is nmade of, for exanple, a netal
perpandicuddr sodheasiratmferemtialTherfacodé theaspidal veindbse The
of, for exanple, a netal material such as copper,
batmlgrk grudttrst asihlge3Be StEBhdrithe Katdwdeahead 3d ando-called
‘the anode lead 32 are in the shape of a thin plate or

cylit@sial- ty}])e strugﬁﬁ‘epac’kage nmember 40 is made of a
rectangul ar al um num | aminated filmin which, for
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body 30. Each outer edge is bonded to each other by
battersi ean bbhdih desng afﬁi‘dgﬁ@sW@l ArgaslibesiVe Thensafety svalve
inserted between the package nenber 40 and the
meclatriisnel $ eaad Gk BOT Getined® hiweppadiad ennthizbiemes Gidandf the
the anode | ead 32. The adhesive film41l prevents

bat&siyeloveg 1af qMeSinderiok lof thBGA§SIME1T id !?Ibflﬁaetl%aﬂ?@ﬁaled
of a materi al allomnng adhesion with the cathode

Th%aﬁ@ﬂf &R}%rq ?115? adf, %%rzeggﬁ ﬁ@taeﬁtdﬁl%érleSIFII?%r to that of the

exanpl'e, a po resin SUCh as pol'y

batqujpryc%: 8%: me 1R Itgrlve %%glél enﬁ% Or‘ﬁn%@c%connected to
clude a |la ed fil g dlfferent structure,
the; BEGHERG Grof hid abovesiuedir UG difR rfin | Evithar ety valve
f|In1haV|n t he t hree- Iayer structure. Alternatively,
- meghpaipmcléa dbintermpdrpregswen rasshga decestain lpoilyorenofd benause of |
such as pol ypropylene, or a netal film Fig. 4
an sitewsalaskordssraatt hemafrost rar exteenal stteces pic rthkl yke, a disk
wound el ectrode body 30 shown in Fig. 3, taken al ong

| platel T6A ‘ﬂ’i}%]é/and Rutdeleshiit 3bh¥e M He BV QGL ﬂ@d@a@@ﬂb’ cc?v%r 14 and

t he cathode 33 and the anode 34 are | ayered w't
, hegtr ahyt b
the SRALY, Wyt SRLAUELERYLE0Y | BefRidic L Z%ﬁ?”%@& Agvice 16
An ou r.nost erlpher raII wound
incigedt 16 SERR s Sl ey SherebS BByt e Bt REFRL e Agge result
In the cathode. 33, the ‘cat hode _active
abnﬁﬁ?ﬂéil haat| geraration causad yddad langepoumentiis ameyented. The
the cathode current collector 33A. In the anode 34,
gasketelAne aradec of, er exawile) ahapenlau® imterial huddtorurface is
bot h surfaces of the anode current collector 34A. The
coatmdosighacdplhaét. mat eri al | ayer 34B i s di sposed facing
the cathode active material |ayer 33B. Structures of

t he FoaLROAPIS W Eaitler ?ﬁhlﬁq{s‘EBSQ’ﬁéﬂ lﬁtbet}&acite@l%@'ﬁopmg Mfirally

mat eri al Iayer 33B, e anode current collector 34A
e t

okl BABHR AT 2™ 95 b | A4FNG BB ki ooy 20, o
current collector 21A, the cathode active materi al
| ayer 21B, the anode current collector 22A, the anode
active material |ayer 22B, and the separator 23 in
the battery according to the first to third
enbodi nents. 33 The el ectrolyte 36 is in a
so-call ed gel atinous state. The electrol yte 36
i ncludes the electrolytic solution and a pol yner
conpound that holds the electrolytic solution. A ge



As in the above-described first nmethod, in a third
nmet hod, a spirally wound body is forned and housed in
t he pouch-Ii ke package nenber 40. However, the third
method differs fromthe first nethod in that the
separator 35 of which both gurfaces are coated with

t he pol yner conpound is used. The pol yner conpound
applied onto the separator 35 is, for exanple, a

catg%c*%{%g %a g% O\fﬁf%{‘]hgﬁfﬁ%{ oidéde & anb%edr %ﬂg}e éa{,ﬁmﬁe 21.

cop mu onent_.copol yner.

An guo Pflraaé@ madgo0 %&1 0t fas icennegied diesthy anode 22.

pol yvin Ildene fluoride, a binary coBonner or a )
The eathady leashdh jarelectrivalip nomndated e the hattery opoity bbby being

-are vinylidene fluoride and hexaffuoropropyl ene.
welBeénenhs shfety valtemahuntapdby mheasirods pldi Zeiewelded and
fluoride, hexafl uoropropyl ene, and

theféﬂyoa@éﬂriéamWo%feewdeﬁa)etheTmt@gJ y4¥e11. conpound may
i ncl ude one type or two or nore types of other

pol r9C S [ e '
polxﬁgr H%gﬁﬁg%%iny |gggéhkﬁﬂOEgd%&§§32%¥gpgﬁ%ﬁ%éﬁ§QNound
ctral ytic.so prepar ed and

cleq i body 2R e BV REm ek oo i gk Sh ottt greathode
t he pack menber .40 i s_then sealed by t her nal

actwssmawrb%?}@yﬂ@ 248 provided op; bedhy surfaes ¢faz kaghode current
menber 40 is heated while a load is applied to the

collpetor s, nwbeathode cireesepallettor 232\ haviagher pairtaf op®sing
cat hode 33 and the anode 34 by the pol ymer conpound.

surPeecd '€heldathéde acBve ahatdrigl Kyviee ZIB whaphe provided on one
I mpregnates the pol ymer conpound. The pol yner

surfRERA4R daeﬁ@d@t%uﬁ%mtdoﬂ@&%r 200 U1Re @heitddeObiitrénd Eollector
is formed. As a result, the secondary battery iIs

21A %bﬂa‘(‘i to%dfotrl&atngﬁr?l L Q' ﬁagtgla%altgﬁﬁ QQCHTE% r?i??%uﬁ Ll i agel, or
aracteristics rove ared
bri cat nmet h In the third. fabri in netho
U5 BBt oL A SRt et AT AR B COHpgps & cathode
slight anmpunts of the pononmer that is the base )
actiygt ]éllafﬂ%la]ofmflh%n peryic compound; ihe eribpdatactifegmaterial
the like remain in the electrolyte 36, and a
layeém 248k noay plscedutant electiiealp obydurtor oappimder,i snd the like,
favorably controlled. Therefore, sufficient bonding '
accaigling bbb eved. anong the cathode 33, the anode 34, the
separator 35, and the electrol yte 36.

Opemiel RsmAAE &hlskdsd Cifl {he chalrdaal agvd %fﬂ&lherial layer 21B

secondary battery are the sane as those o
r CCQr-din [ adj

fun@ﬁ&?@ da é’n Q)%’te}&[aégg ‘i}?i@{tgg aan‘%* téré(ﬁbl%le% ﬁ}:iell‘? n‘g;a nlplos% Yenzene
Wil | scribed.in detail -

fmgsam".‘(gﬁeg £ &%ﬁmuﬁéﬁs@r %}ﬁ&ﬁwﬁe rheaze%e Sifgs, the
;%g 4 was fabricated usin S|I|con as the anaode

arog@aioy €omposndais Tple egetlyndassplvns ter pongdedtenlyticasdgtion.
as a lithiumion secondary battery in which the

Thereafoae) ¢lptoh echdheanndeatid compoumdendedhbadedralytic solution is
insertion and extraction of 1ithium The

suppaépede Bicawase {lor AREmhtit Fompoursl is hbbdbasilE 26HR9R en the
(Li 2C33) and cobalt carbonate (CoCO3) were m xed with

. f
catl?(?drégiﬁl'éﬁ aaféesﬁéf rthfgoa?‘oéazllqﬂo% ‘régmgtguggg‘%‘ﬂ i e‘gaesﬂ dile&nsumed as
obtaining |ithiumcobalt conpl ex oxide (L|C002)
Subsequently, 91 parts by weight of the lithium
cobalt conpl ex oxi de serving as the cathode active
material, 6 parts by weight of graphite serving as
the electrical conductor, 3 parts by wei ght of
pol yvi nyl i dene fluoride serving as the binder, and
0.1 part by weight (content in the cathode active
material |ayer 33B=0.1 wt% of o-terphenyl (o-TP)



A procedure simlar to that in Exanple 1-1 was
perforned, except that the cathode active materi al

| ayer 33B did not include o-TP and the electrolytic
'solution did not include FEC. The conposition of the
solvent 41 (EC DEC) was a yweight ratio of 50:50.
Conpar ati ve Exanple 1-2 A procedure simlar to
that in Exarrpl e 1-1 vvas perforrred except that the

wh&?%.ﬂé) g@gﬁ%ﬁ' L%rgfa El}/cﬁ edsiny Sﬁlele]%cproiytlc sc&ugion even in
pr ocedur |mI hQse i n_ Ex -3, 1-7, and
thefai‘zs%\?a%iﬁ&lrw E@B’P tends té’igg e@rléseri%ﬂlﬂymsed when the
sol ution did not |nclude FEC. The conposition of the
Seceltflar@rbat(im pHEEinggbanzedknghtdischdargeds B86::60sult, even when
Conparative Exanple 1-6 A procedure simlar to
thetdeadndaryComjteryais vepdatadiyl ehdrg2dvwasd déschargad], areveerharge
that p-TP was included in the electrolytic solution

inhibitibga@nefiohNoft {1 aabinadR M¥yenm& %rds@émbayerrheTmmatm
p-TP content in the el ectrolytic solution was 3 w %
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aracte stics secon ary ter Ires In

: 11 t arative to .
ringg BROLPRAL et 35 hal Y e ERBisTe. n AR ST i pomnaic
2 wer.e obtai ned. .Regar di ng the overcharge
comppyngdomayi haye &, styuctae dn Wﬁ‘ﬂ)@hi‘?glfﬂ?eo%iﬂql‘ﬁ bagweppdangs are
battery during repeated chargi ng and di schargi ng was
spacschranset fypm racke othmrarandodondey, swichgasvehathaf gedphenyl.
after chargi ng and di schargi ng had been repeated for

Mozzoeyr | ebe otirdid@ticy dogspoulite mugbeiavef o estractif@derthat is a
both cycle conditions was 3 (so-called n=3). Wen

conilrﬁﬂzhﬁlb@ hfagstht i]ﬁuchﬁ‘%s( ' M'thb%s@%h@%’ I QtQ'hcﬁh%l N¥mer is

confirmed in all-three tests, an eval uation
[
profAuh (B S: 080t WGR0LER: ﬁ%ﬁ’ﬁeﬁ#ﬁ %Pé@ert“%s sbe pgsent.
- eval uatj on ,resu Xxam ne )
Rechy i b iz deschiedl Relgficoormpgonda) Betorphhation of a
%?icon ary battery was overcharged after being charged
pluggiy S¥ReT pepmbrurdpmaychedse® an at nosphere of
23C. Char gl(g(g and di scharging conditions of a single
cyclleispagiadaflyl profisrablt éhat the daomabixt dosnyowek has four or
charged to a maxi numvoltage of 4.2 V wth a constant

momUbdresehe afings, bdoaunsbehs etenidarof that d@hyati€beipednd into the
charged at a constant voltage of 4.2 V for three
e%c?s may

eleclﬁflﬂj'fﬁic sshﬁ;rbn i FutBEP %@@g)reégeﬁt erdk meseltsskggr
f1nal vo tage of w th a constant curtent
C t v

ve By i wopes By I HRE i RLHE o b B ks b aromatic

hour O/er ch dit wer e ol l ows. . The
compREBA Ay T ﬁ%?’gyﬂ&égni] E ot Kok e RArOBiaticgeoTpound

12 V with a constant current of 1 C, or the secondary
hasige reryy g eRargss. W 1plameatio o the arematigrompound to the

chargi ng duration reached three hours. To
catlmdenactive meatevilclergesashwimot, dbt sixiansplaf tentet®0of aromatic

cycles, the secondary battery was overcharged after

combpeung inhae gathadWastiec haitge@] 19fer B G/Eka&PbasPoh a weight
at nrosphere of 23C. The charging and di schar gi ng

ratlﬁondTﬁéx%ﬁieanzg éﬁ%l@vﬁe‘i@ﬁéﬂé@ Inhfidioh! 2n ct‘?(ﬁn amay not be
singl'e cyclé were sinmlar to those used
overcharge characteristics after two cycles are
exam ned. To exam ne the storage
characteristics, the secondary battery was stored by
a follow ng procedure and a di scharge capacity
retention ratio was determ ned. First, the secondary
battery was charged and di scharged for 43 two cycles
in an atnosphere of 23C. The di scharge capacity at
the second cycle was neasured (di scharge capacity



Aromati c Conpound El ectrolyte Salt Sol vent (wt%
Aromati ¢ Conpound A int% EC DEC FEC After 2
Cycles After 100 Cycles Exanple 1-1 o-TP 0.1 LiPEO
I mol /1 cg 20 50
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achieved.- In terms of aromatié compound synthesis, when the number of
benzene rings exceeds 10, synthesis becomes difficult to achieve and cost of
synthesis is more likely to increase. Therefore, it is preferable that the
upper limit of the Vnumbe‘r of benzene rings is, for ex_ample, about 10 or less.
From the perspective of the shape of the cathode active material layer 21B, it
.is preferable that the upper limit is sef such that the aromatic cﬁmpound is
dissolved by a solvent used when the cathode active material layer 21B is
formed. However, the aromatic compound may not be dissolved. In the
case where the number of benzene rings is set Sucﬁ ‘that the aromatic
compound is dissolved by the solvent, it is preferable that the number of
benzene rings is, for example, aboﬁt 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 is 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 teﬁlperature may be aided,
while achieving the overcharge iﬁhibition function. The above-described
content of aromatic compound is a weight ratio to a remaining welght 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
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the Wéight of the aromatic compound to the above-described remaining
weight 1s 1 to 100.
‘The aromatic compound is, for example, o-tei'phenyl (o represents
ortho position), m-terphenyl (m represents meta position), p-terphenyl (p
represents  para  position), quaterphenyl, 2-methyl-p-terphenyl,
9,10-dipheny1-anthracene, , 1,2,3,4-tetraphenylbenzene,
1,2,3,4-tetraphenylnaphthalene, 5,6,11,12-tetraphenylnaphthacene, or
hexaphenylbenzene. The compounds may be used alone 61‘ in combination.
Among thg compounds, at least one of terphenyl and quaterphenyl is
preferable because a sufficient overcharge in.hibitioﬁ function may be
achieved. In this case, unaterphenyl 18 preferable bécause'the aromatic
compound is less easily dissolved by the eclectrolytic 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 is, for exarﬁple, Lithium oxide, lithium éulﬁde, an
intercalation compound including lithium, or a lithium-containing cémpound
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
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~ preferable. In particular, a material that includes at least one type among -
cobalt (Co), nickel, manganese (Mn), iron, aluminum, vanadium (V), and
titanium (T as the transition-metal element is preferable. A cﬁemical ,
formula of the material is expressed as, for example, LiMIOs or Li;MITPOy,.
In the formulas, MI and MII include one or more types of transition-metal
' elements Values of x and y dJ_'EEer based on a charglng and d1scharg1ng
state of the battery Typically, 0.05<x<1.10 and 0.05<y<1.10.

Specific 'examples' of the complex oxide including lithium and a
transition-metal element are lithium cobalt complex oxide (LixCoQ2), lithium
nickel complex oxide (LixNiOg), lithium nickel rcobalt complex oxide
(LixNi1-,Co,0s (0<i<1)), Iithium nickel cebalt manganese complex oxide
(LiXNi(l-v-w)CoanW02 (0<v<1, O<w<1, and v+w<1)), and lithium mangenese
complex oxide having a spinel structure (LiMn»O4. 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 is substituted With enother 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 lincluding nickel, manganese, fluorine or the like. Specific
examples of the phosphate compound including lithium and a
transition-metal element are lithium iron phosphate (LiFePQy) compound
and lithium iron manganese phosphate (LiFe1,Mn,PO4 (0<u<1)) compound.

The cathode material capable of inserting and extracting lithium
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may also be other metal compounds or polymers. The other metal
compounds are, for example, oxides such as titanium oxide, vanadium oxide,
and manganese dioxide, and disulﬁdés such as titanium sulfide and
_molybdenum sulfide. The polymers are, for example, polyaniline and
polythiophene. |

The electrical conductor included in the cathode active material layer
21B is, for example, a carbon black, amorphous lcarbon particles,
vapor-grown carbon, or a carbon nanotube. The carbon black is, for
example,_ graphite particles and acetylene black. Amorphous carbon -
pé:rticles' are, for example, needle coke. The binder is, for example:
polyvinylidene ﬂuoride; polytetf*‘%iﬂuoroethylene; a copc_)lymer_ using at least
two types among vinylidene fluoride, chlollt'otriﬂuoroethylene,.
hexafluoropropylene, | tetrafluoroethylene, and ethylene;
ethylene-plropylene-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 Vmay also be provided on one surface of the anode curfen’s
collector 22A. The anode current collector 22A is preferably made of a
material having favorable electrochemical stability, electric conductivity, and

mechanical strength. The anode current collector 22A is preferably made of
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a metal material such as copper (Cw), nickel, or stainless steel. Mong the -
~ materials, the anoder current collector 22A is preferably made of copper
because high electric conductivity is achieved. The anode active material
layer 22B includes as an anode active material either one type or two or more
types of anode materials capable of insertihg and extracting lithium serving
as the electrode .,rea-ctan_t. The anode active material layer 22B may also
include an electrical conductor, a binder,r a viscosity modifier, or the like
according to need. Charging capacity of the anode material éapable of
" inserting and extracting lithium is preferably greater than the charging
capacity of the cathode 21. - |

The anode material capable of inserting and extracting lithium is, for
example, a material that may i};sert and extract lithium and has at least one
of a metal element and a metalloid .element as an element. Use of an aﬂode
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
anbde material may have one or more phases thereof at least in part. The
alloy in the invention inc;ludes 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
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solid solution, the eutecfic crystal (eutectic mixture), and the intermetallic
cormpound.

The metal element or metalloid element composing the anode
material is, for example, a metal element of a metalloid element capable of
forming an alloy with lithium. Specifically, the metal element or metalloid
element is magnesium, boron (B), alumiﬁum, gallium (Ga), indium (In),
silicon (S1), germanium (Ge), tin (Sn), lead (Ph), bismuth (Bi), cadmium (Cd),
silver (Ag), zinc (Zn), hafnium (Hf), zirconium (Zr), yttrium (Y), palladium
(Pd), platinum (Pt), or the like. Among the elements, at least oﬁe of silicon
and tin is particularly preferable. Bepause éﬂicon and tin are highly
capable of inserting and extracting lithium, high energy density is achieved.

An anode material containing at least one of silicoﬁ and tin 1s, 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 élloy of silicon is, for example, an alloy contéining at least one
type selected from the group consisting of tin, nickel, copper, iron, cobalt (Co),
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 leaét one type selected .
from the group coﬁsisting of silicon, nickel, copper, iron, cobalt, manganese,

zine, indium, silver, titanium, germanium, bismuth, antimony, and
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chromium as a second elemenf, in addition to tin.

A compound of sihicon or a compound of tin is, for example, a
compound containing oxygen or carbon. The above-described second
element may be included in addition to silicon or tin.

In particular, the anode. rﬁaterial contai__njng at least éne of silicon
and tin is. preferably, for example, an anode rﬁate'rial having a second
elemeﬁt and a third element, in addition to tin serving as a first element.
- The second element 1s at least one type selected from the group consisting of |
cobalt, iron, magnesium, titanium, vanadium (V), chromium, manganese,
nickel, copper, zine, 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 1s improved through inclusion of the second element and the
third element.

The anode material is preferably a CoSnC~cont-aining 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
wt% 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 rangé, high energy 'density is achieved and superior cycle
characteristics are achieved.

The CoSnC-containing material may further include other elements,
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accordj?_%g to need. The other elements are preferably, for example, silicon,
iron,. nickel, chromium, indium, niobium, germanium, titanium,
molybdenum, aluminum, phosphorus, gallium, bismuth, and the like. The
CoSnC-containiﬁg material may include two or more types of the above
elements because capacitance cilaracteristics or cycle characteristics is
further improved. |

The CoSnC-containing material has a phase including tin, cobalt,
~ and carbon. The phase preferably has a low crystalline structure or an
amorphous structure. In the CoSnC-containingr material, 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 considéred to be caused by cohesion or crystal]ization,.
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 change ina
crystalline structure due tor 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 is achieved and superior cycle characteristics are achieved.

Moreover, the carbon material may also function as the electrical conductor.
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The anode material capable of inserting andrextracting bthium may
also be, for example, a metal oxide‘ or a polymer compound that is capable of
inserting and extracting hthium. The anode materials may be used in
combination with the above-described other anode materials. The metal
oxide is, for example, -‘;1'0_11 oxide, rutheniom oxide, or molybdenum oxide.
The polymer compound is, for example, polyacetylene, polyaniline, or
polypyrrole. |

| The electrical conductor included in the anode active material layer
22B is, for example: graphite; petroleum or carboniferous coke; petroleum
pitch; carboniferous pitch: resin carbide such as phenolic resin and
crystalline cellulose; partially carboniéed 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 éeparator 23 is

made of, for example, a porous film made of a synthetic resin such as
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polytetrafluorcethylene, 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 porous films are layered. Among the porous

films, a porbus film made of polyolefin is preferable because the porous film

18 highly effective for preventing short circuits and safety of the battery

attributed to a shutdown effect is improved. In particular, polyethylene is

preferable because the shutdown effect may be achieved at a temperaturel
within a range from 100°C to 150°C. Polyethylene also has superior

electrochemical stability. Polypropylene is also preferable. In addition,

" resin that is copolymerized with polyethylene or polypropylené,. or blended

with polyethylene or polypropylene may be used, as long #s the resin hasr
chemical stability. | |

In particular, the surface of the separator 23 is preferably coated

with aJ polymer compound, such as a copolymer of hexafluoropropylene and
polyvinylidene fluoride 01; 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; tef,raﬂuoroethylene, and ethylene;

ethylene-propylene-diene ternary copolymer; styrene-butadiene rubber;

acrylonitrile-butadiene rubber; fluororubber; or a compound classified as an

engineering plastic, such as polyimide resin. The above-described polymer
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as the hgﬁégen. A more solid coating 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 cyclic carbonate is
4-ﬂuor0'1,3-di0x01ane-"2~one, : 4.5-difluoro-1,3-dioxoclane-2-one,

' 4,4,5-tetraﬂuoro-1,S'dioxolane'Z-one,' 4,4,5,5-tetrafluoro-1,3-dioxolane-2-one,
‘4-difluoromethyl-1,3-dioxolane-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 1is formed. In thié case, 4,b-difluoro-1,3-dioxolane-2-one is
preferable because 4,5-diﬂuoi'o-1,8-dioxolane-2-one 1s 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

isomer.

A ester carbonate containing an unsaturated bond is, for example,
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vinylene carbonate,' vinylene‘ (4,5-diphenyl) carbonate, vinylethylene
carbonate, arylmethjl carbonate, or diallyl carbonate. The ester carbonates
mas-r be used alone, or a plurality thereof may be used. in combination.
Among the ester carbonates, vinylene carbonate is preferable because a
éufﬁciently sohd 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 containing a halogen and ester ‘carbonate -containing an
unéaturated bond. Other solvents are, for example, cyclic esterrcarbonates,
chain ester carbonates, cyclic esters, chain esters, cydic 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 cérbonates are, for
example, dimethyl carbonate, diethyl carbomate, ethylmethyl carbonafe,
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 7
acetate, propyl acetate, methyl propionate, and ethyl pi‘opionate. The cyclic
ethers are, for example, tetrahydrofuran, 2-methyltetrahydrofuran,
tetrahydropyran, 1,3-dioxolan, 4-methyl-1,3-dioxolan, 1,3-d1oxane,

4-methyl-1,3-dioxane, and 1,3-benzodioxole. The chain ethers are, for
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example, 1,2-dimethoxyethane, 1,2-dietho$:yethane, diglyme, triglyme,
tetraglyme, and diethyl ether. The organic solvents containing sulfur aé an
element are, for example, ethyl sulfite, propane sultone, sulfolane, methyl
sulfolane, and diethyl sﬁlﬁne. The nitriles are, for example, acetonitrile
and propionitrile.  The carbamates are, for example, N,N'-dimethyl
carbamate and N,N'-diethyl carbamate. The other solvents may be used
alone, or a plurality thereof may be used in combination. |

Among the solven't.s, at least one type selected from‘ the group
conéisting of ethylene carbonate, propﬁene 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<1mPas), such
as -diniethyl carbonate, ethylmethyl carbonate, or diethyl -carbonate, 18
particularly preferable because dissociation and ionic conductivity of the
elecfrolyte 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 is, for
~ example, lithium hexafluorophosphate (LiPFs), lithium tetrafiuoroborate
(LiBFy), lithium perchlorate (LiClO4), lithium hexafluoroarsenate (LiAsFs),
lithium hexafluoroantimonate (LiSbFe), lithium trifluoromethanesulfonate
(LiCF380y), Lithium bis(trifluoromethanesulfonyDimide (LiN(CF5SO2)s), -

lithium tris(triflnoromethanesulfonylmethide (LiC(CFsS0g)3), lithium
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bis(pentaﬂuoroetilanesulfonyl)imide (LiN(C2F5S05)2), lithium chloride (LiCD,
lithium bromide (LiBr), lithium iodide (LiD), lithitum tetraphehyl' borate
(LiB(CsHs)o), lithium bis(trifluoromethyl) tetréﬂuorophosphate (LiPF«(CFy9),
~ lithjum tris(pentafluoroethyl) triﬂﬁorophosphate (LiPF3(C2F5)s), lithium tris
| (trifluoromethyl) triflurophosphate (LiPF3(CF3)3), lithium
tris(septafluoroisopropyl) trifluorophosphate (LiPFa(iso-CsF7)s), lithium
(septaﬂﬁoroiéopropyl) hexafluorophosphate ~ (LiPF5(iso-C3F7)), lithium
' bis[oxalate'0,0'] borate, or chium diﬂuoro[oxalatg*0,0‘] borate. -‘ The
Lithium _salts may be used alone, or pluralityrthe-reof 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 0.5mol/kg to 1.5mol/kg. If the concentration is out of
the range, ionic conductivity significantly deteribrates. Therefore,
capacitance characteristics and the like may not be sufﬁcieﬁtly 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
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in a solvent, forming paste-liké cathode mixture slurry. The cathode
current colléctor 21A is coated with the cathode mixture slurry. After the
cathode mixture slurry is dried, compression molding is performed. The
anode 22 is formed by, forming for example, the anode active material layer
22B on both surfaces of the anode éurreﬁt collector 22A by a procedure
similar to that for the cathode 21. |

Next, the eathode lead 25 is attached to the cathode cuﬁent collector
21A by welding. The anode lead 26 is attached to the anode cﬁfrent
collector 22A by welding. The cathode 21 and the élnode 22 are then spirally
wound with 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. AAtip of the anode lead 26 1s 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 insﬁlating plates 12 and 13 are housed in
the battery can 11. Next, an electrolyte salt is dissolved in a solvent
inclu_ding 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.
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1 and Fig. 21is fabricated.

| When the secondary battery is charged, for example, lithium ions ére
extracted from the cathode 21. The lithium ions are then inserted into the
anode 22 through the electrolytic solution. On the other hand, when the
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 inse_rtioﬁ and extraction of lithium, the cathode
active material layer 21B of the cathode 21 includes an ﬁromatic compound
having three or more benzene rings, and the electrolytic éolution includes at
least one of the ester carboﬁate containing-a halogen and the ester carbonate
céntaining .an unsaturated bond. In this case, because the aromatic
compound fu_nctions 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 storagé ,
characteristics are improved. In particular, because the above-described
coating suppresses decomposition of the aromatic compound, in addition to
decomposition 6f the electrolytic solution, the overcharge inhibition function
1s sustained even if the secondary battery is repeatedly charged and

discharged. The overcharge characteristics are significantly improved. As
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a result of the synergetic action by the combination of the aromatic
compound with the ester carbon‘oter containing a halogen and the ester
carbonate containing an unsafurated bond, the discha-rge' capacity becomes
significantly less likely to decrease even undor high temperature storage,
regardless of the aromatic compound being included that, when alone, causes
decrease - in 'djscharge capacity. 'Therefore, the storage characteristics
significantly im;'orove.- . Moreover, when the aromatic compound is included
in the cathode, decomposition of the aromatic compound is less 1ikely to oceur
when the battery is being charged and 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 1s 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 thereof are omitted.
Second Embodiment

A battery according to the seoond embodiment has a structure, an

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



50 27 3 good good 85 53 Table 4 Battery structure:
Lam nat ed-type Anode active material: Silicon

(El ectron beam evaporation nethod) Cathode

El ectrolytic Sol ution Gccurrence of Ignition, etc.

D scharge Capacity Retenti %g Ratio (95) Aromatic
Compound El ectrol yte Salt lvent (W% w% EC
DEC

except that the anode 22 has a different structure. The battery according to
the second embodiment is also fabricated by a procedure similar to that
according to the first embodiment. |

Like the battery according to the first embodiment, the anode 22 has
the éﬁode active material layer 22B provided on both surfaces of the anode
current collector 22A. The anode active material layer 22B includes, for
example, a material containing silicon or tin ﬁs 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 matei'ial may contain two types or more
of the above.

The anode active material layer 22B is formed using a vapor-phase
deposition method, liquid-phase deposition method, spraying method, firing
metho&, ‘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 elemer;t of the anode current collector 22A is diffused in
the agode active material layer 22B, at the interface therebetweén.
Alternatively, the element of the anode active material layer 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
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suppressed. Electric conductivity between the anode active material layer
22B and the anode current cqllector 22A may be improved.

The vapor-phase deposition inethod is, for example, a pilysical
deposition method or a chemical depdsition method. Speciﬁéally, the
vapor-phase deposition method is a vacuum evaporation method, a
sputtering method, an ion plating method, a laser abl&_ttion method, a
thérmal chemical vapor deposition (CVD) method, a plasma CVD method, or
the like. As the liquid-phase deposition method, a known techhique such as
elecfrolytic 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 technigue,
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 ]ithium 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
lithinum metal. The battery according to the third embodi:zﬁent is also

fabricated by a procedure similar to that according to the first embodiment.
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 In the éecondary battery, lithium metal is used as-the anode active
material. As a result, high energy density may be rachieved. The anode
active material layer 22B may be already provided at assembly. However,
the anode active material layer 22B may not be present at assembly, but
rather formed by lithium metal deposited when the secondary battery is
charged. | The anode active material layer 22B may also be used as a current
éo]lectoz;,'.thereby allowing the anode current collector 22A to be omitted.

When the secondary battery is charged, for example, lithium ions ére
extracted from the cathode 21. The lithium ions _ére 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 an.ode active material layer
22B as the ﬁthiﬁm 1ons. The lithjum ions are then inserted into fhe cathode-
21 through the electrolytic solution.

In the secondary battery, when the capacity of the anode 22 is
expreése‘d based on the deposifion 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.
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Fourth Embodiment

Fig. 3 shows an exploded perspective structure of a battery according
toa foﬁrth embodiment. In the battery, a cathode lead 31 and an anode lead
32 are attached to a spirally wound electrode body 30. The spirally wound
electrode body 30 1s housed in a film-like package member 40. The battery
structure using the film-like package member 40 is a so-called laminafed
structure.

The cathode lead 31 and the anode lead 32 are, for example,
respectively directed from inside to ouﬁside 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 is made of, for example, a
metal material such_as copper, nickel, or stainless steel. The cath‘odé lead
31 and the anode lead 32 are in the shap;a of a thin plate or mesh.

The package member 40 i1s 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. Inthe péckage member
40, for example, the polyethylene film faces the spirally wound electrode
body 30. Each outer edge 1s bonded to each other by fusion bonding or an
adhesive. Amn 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 madé of a material .allowing adhesion with the cathode

lead 31 and the anode lead 32. The material is, for example, a polyolefin
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m xture was then dried and conpressi on-nol ded. Next,

t he anode current collector 34A was heated at 400C

for 12 hours |n a vacuunratnnsphere ~The conposition



Exanmple 3-5 A procedure simlar to that in
Exanpl e 2-12 was perforned, except that the anode
active material layer 34B was formed by the sintering
method as in Exanples 3-1 to 3-4. Conparative
Exanples 3-1 and 3-2 A pro%gdure simlar to those in
Exanples 3-1 to 3-4 or Exanple 3-5 56 was perforned,
except that the cathode active material |ayer 33B did

not ., ncl.ude . mpar ati ve . Exanpl e 3-3 3-
A IR0t e o chseller, SRs anpR stages The-slgetrolyte
was perfornmed, except that the electrolytic solution
36 mcindas therpipefaalytrcsolyhiencop ahaly Ber spmposngddhas drolds the
(EC.DEC) was a weight ratio of 40:60. When t he
eledvdytihasgetionar adtgnli steictolpied it prefarabiy decause high ionic
" characteristics of the secondary batteries in
confbyetipite $fod-ekanpl3; Im@lemGanparaht veormtamyeestdelid fchieved
3-6 were exam ned, results shown in Table 5 were

and®B{@dRdkadet frexeBdd.ery structure: Lam nated-type

Anode active nmaterial: Silicon (Sintering nethod)

Cat e El rolyti ti.Qn ur of 1gnitl T
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0, 0,
polycir%rr{? 1321?9 Elﬂ%%}{d%l; ytae g(')%'o yr%le\x{arg)f ( %A{) inylidg;lé /%luoride and

polyhexafluoropropylene; polytetrafluoroethylene; polyhexafluoropropylene;
polyethylene 'oxide; polypropylene loxide; polyﬁhosphaiene; poly.sﬂoxane;
polyvinyl acetate; polyvinyl alcohol; polymethacrylic acid methyl; polyacrylic
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 coxﬁbination. In terms of
electrochemical stability, use of polyacrylonitrile, polyviny]idene fluoride,
polvhexafluoropropylene, or polyethylene oxide 1s particularly preferable.
Amount of polymer compound added to the electrolytic solution differs based
on compatibility. However, for example, an amou_nt within a range from 5
wt% to 50 wt% is 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 liquid 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
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polymer coﬁpound 1s also included in the solvent.

The electrolytic solution may be used as is, instead of the eleétrolyte
36 in which the electrolytic solution is held by the polymer compound. In
this case, the separator 35 is impregnated with the electrolytic solution.

The secbndary battery may be fﬁbricated by, for example, three kinds
of fabricating methods described below.

In a first fabricating method, first, for example, a procedure similar
to thét of the fabricating method of the battery according to the first
embodiment is used. The cathode active mateﬁal layer 33B is formed on
both surfaces of the cathode current collector 33A, thereby forming fhg
cathode 33. The anode active material layer 34B is formed on both surfaces
of the anode current collector 344, thereby forming the anode 34.

Next, a precursor solution including the electrolytic solution, the
polymer compound, and the solvent is pfepared. The cathode 33 and the
anod_e 34 are coated with the precursor solution. The solvent is then
volatilized. As a result, the gel eleci:rolyte 36 1s formed. Next, the cathode
lead 31 is attached to the cathﬁde current collector 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
sepai'ator 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
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spirally wound electrode body 30 is, for example, sandwiched between two
ﬁlm-like_package members 40. The outer edges of the package members 40
. are bonded together by thermal fusion bonding or fhé like, thereby enclosing
the spirally wound electrode body 30. At this time, the adhesive film 41 is
inserted between the cathode lead 31 and the package member 40 and
between the anode lead 32 and the package member 40. As a result, the
| secondary battery shown in Fig. 3 and Fig. 4 is fabricated.

In a second fabricating method, first, the cathode lead 31 and the _
anode lead 32 are respectively attached to the cathode 33 and the ancde 34.
The cathode 33 and the énode 34 are laminated with the separator 35 in
between. The laminated cathode 33 and anode 34 are spirally wound. The
protéctive tape 37 is adhered to the outermost periphery of fhe laminated
cathode 33 and anode 34. As a resulf, 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 péckage members 40, excluding an outer edge of
one side, are then bonded together by thermal fusion bondiﬁg 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
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member 40 is then sealed by thermal fusion bonding or the like. Finally,
the monomer is thermally polymerized, thereby forming the polymer
éomﬁound. Thus, the gel electrolyte 36 is formed. ._As a result, the
secondary bati:ery is fabricated. | |

| As in the above-described first method, in a third method, a spirally
wound body is formed and housed in the poqch-like package member 40.
However, the third method differs from the first method in that the separator
35 of which both surfaces are coated with the polymer compound is used.
- The polymer comp-oulnd applied onto the separator 35 is, for example, a
polymer having vinylidene fluoride as an element, the polymer being, in
other words, a single polymei', a copolymer, or a multicomponent copolymer.
Specifically, the polymer compound is, for example, polyvinylidene fluoride, a
: binary copolymer, or a termary copolymer. Elements in the binary
copolymer are vinylidene fluoride and hexafluoropropylene. | Elements in
the ternary copolymer are vinyhdene fluoride, hexafluoropropylene, and
chlorotriﬂuoroethyleﬁe. The polymer compound may include one type or
two or more .types of other polymer compounds in addition to the
abqve-described polymer having vinylidene fluoride as an element. Next,
the electrolytic solution 18 prepared and injected into the package member 40.
The opening of the paékage member 40 is then sealed by thermal fusion
bonding or the like. Finally, the package member 40 is heated while a load
18 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



Li PF8 | nmol / kg 40 60 - good poor 64 Conparative
Exanple 3-4 0.5 40 60 - good poor 62 57 :
Conparative _ '

37

electrolytic solution impregnates the polymer compound. The polymer
compound becomes gelatinous, and the electrolyte 36 is formed. As é result,
the secondary battery is fabricated. In the | third fabricating method,
swelling characteristics are improved, compared to the first fabricating
method. In the thﬁd faﬁricating method, compared to. the second
fabricating method, only slight amounts 'of the monomer that is the base
material of the polymer compound, the solvent, and the like remain in the
electrolyte 36, and a formation procedure for the polymer compound IS
favorably controlled. Therefore, 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 aé those of fhe secoridary batteryA 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 erxtracti-on of
lithium. |

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
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mixture was then fired in the air for 5 hours at 900°C, thereby obtaihjng
lithium cobalt complex oxide (LiCoO2). Subsequently, 91 parts by weight of
.the hthium cobalt complex oxide serving as the cathode active material, 6
parté by weight of graphite serving as the electrical cbnductor, 3 parts bﬁ
Weight of polyvinylideﬁe fluoride serving as the binder, and 0.1 part by
weight (content in the cathode active material layer 33B=0.1 wt%) of
o-terphenyl (o-TP) serving 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 mixtlire slurry..
After the cathode mixture shurry 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 ano&e current
collector 34A being made of an -electr_olytic copper foil having an aﬂthmetjc
mean roughness Ra of 0.5 pm (thickness of 15 un;). 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-fluorc-1,3-dioxolane-2-one

(FEC) were mixed to serve as the solvent. 4-fluoro-1,3-dioxolane-2-one is
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shown in Table 5, results simlar to the results
shown in Table 3 and Table 4 were obtai ned even when
the anode active material |ayer 34B was formed by the
sintering nethod. In other rds, in Exanples 3-1to
3-5 in which the cathode active material |ayer 33B

i ncluded QP and the electrolytic soluti on i ncI uded

FEC o t he occurrenc ni n I|k |
the JgREero GAPIARAB G NG 8, akabin Lidief hexafy S phate
o SI 0 i ncreased conpared to Corrﬁaratwe ExarrP es
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i ncl uded together. Therefore, it was confirmed that,
that timth ¢éhé aompatiibif of frhe%ﬁvmrte(ﬁﬂ PR -FBC) madaivetighheatio of
anode active material of the anode included silicon

20:5(B30 eITHyg dFBLEPEbhtiche 6aUSEP R én CEHd adectaslytiée solution was
material |ayer included the aromatic conpound having

~ benzene rings and the electrolytic solution
i ncluded either the ester carbonate containing a

L e N T PR PR B ke e
curyt golgethe S5R 2Hhe hoode f‘ea‘ﬁ’eﬁﬁ whs Hefithed G Bas Sod of the
anode current collector 34A Then, the cathode 33, the separator 35
r(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, sei)arator 35, and anode 34 were then wound many
times in a spiral form in a longitudinél direction. Subsequently, the end of
the winding was fixed by the proteéfive tape 37 made of an adhesive tape.
As a result, the spirally wound body serving as a precursor body of the
sbira.]ly wound electrode body 30 was formed. Next, the spirally wound
body was sandwiched between the packagé memberé 40 made of a laminated
ﬂlﬁ. Outer edges of tile package members 40, excluding the outer edge of
oﬁe side, were bonded by thermal fusion bonding. As a result, the spirally
wound body was housed in the pouch'shape‘d package member 40. Next,
the electrolytic solution was injected fr;:)m the opening of the package
member 40, impregnating the separatdr 35. As a result, the spirally wound
electrode body 30 was formed.

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



A cylindrical secondary battery shown in Fig. 1 and
Fig. 2 was fabricated using artificial graphite as
the anode material instead of silicon. Wen the
secondary battery was fabricated, first, in adherence
to a procedure simlar to those in Exanples 1-1 to
1-14, the cathode 21 was forned such that the cathode
active material |ayer 21B included the 58 aromatic .

co ound (Q-TP,, m TP, or TP) anod 22 was then
3tm r% hiY abRsFengh 18. 90% teptigp package
wei ght of aphi te powder serV|ng as an anode active
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in N-methyl-2-pyrrolidone to obtain past e-I i ke anode
mmivskYpEmsd urry. The anode current coll ector 22A made

of a strip-shaped copper foil (thickness of 15 um
Ex%@% €Yoy -goated with the anode mixture slurry. The

e m xture sl urry was then dried and

reSS| a,r he _.anode agt i
"2% szrce Sy raiar dhAgottrapls 1Ha® PeRfridygsexcent
ched to one end of the anode current
an'ﬁ’f gopgent was c d el eﬁﬁr/‘at(&xawlﬁaéle?) 1 wth%
from m croporous Eol ypr opyl ene film (thickness of 20
(Examplods3hrepardt (Eapmpletlhd).anode 22, the separator
23, the cathode 21, and the separator 23 were
Exmepleent-babllys8 | ayer ed t he | am nated body was spirally
-wound many times, thereby formng the spirally wound
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.body 20 was sandw ched betvveen a pair of insulating

{
excfpEHER, PErdBliet) (OTPTRREF KBl dn g t08r YRIRE, G Sromatic
onto t he safety val ve nechani sm 15. The spirally
CO“H%HH%#eIectrode body 20 was then housed in the
battery can 11 made of nickel-plated iron. Finally,
Examplesrkgdpddaldl ectrol ytic solution was injected into
the battery can 11 using a deconpression nethod. As a
r esut proceduye ismiviiacato theaionfldsarplet brlywhavperforamed, except
di aneter of 18 ram and a hei ght of 65 mm was forned.
thab9-terphenyMbeNPl hasalwd inekydd of sAMuLS Ohe WaSmatic compound,
prepared, after EC, propylene carbonate (PC),

andli {HR! R¥ht&RT BP nﬁfcﬁnéﬁhfc)com%ﬁnﬁif%é!@ a8 chlan %

serving as the electrolyticC sa t was ‘di ssol'ved |

[ e
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Li PF h I
1-1 onﬁ‘ﬁﬁé{ ea:@ ggg : o B el@seilt i(? txtf iSSvgaéJtt e same as
procedure simlar to that in Exarrple 4-1 was
t ab@ﬁbﬁﬂmeséxbe(bﬂ 4.hat the cathode active nateri al
| ayer 21B did not include o-TP and the electrolytic
ComphrationEdathpdefl-1 ncl ude FEC. The conposition of the
-solvent (EC. PC.DMC) was a weight ratio of 25:5:70.

ComapasdedarsEsatiilae #r that in Exdmpleotadwss %éﬂﬂ)hﬁédt except
that 1n Exanple 4-1 was perforned, except that the

thaf %@@a&h@&é 'ae%w%%e&bﬁ' hayer 3%%3(19& %d%%cmfé WIBP and the
Conpar ati ve Exanpl es™ 4-

oo @ﬁ%‘guﬁuﬁ% e e ‘§?%89%1810% ft, B8 Sotvent

sol ution d| d not include FEC. The conposition of the
sol vent (EC. PC. DMC) was a wei ght ratio of 25:5:70.
Conpar ative Exanple 4-6 A procedure simlar to
that in Conparative Exanple 4-2 was perforned, except
that p-TP was included in the electrolytic solution
“instead of the cathode active naterial |ayer. The
p- TP content in the electrolytic solution was 3 wm %
When the overcharge characteristics and the storage
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(EC:DEC) was a Weight_ratié of 50:50.
Comparative Exami)le 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 1-5

A procedure similar to those in Examples 1-3, 1-7, and 1-12 was
performed, except that the electrolytic solution did not include FEC. The
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. Thé p-TP content in the electrolytic
Splution was 3 wt%.

When the overcharge characteristiés and the storage characteristics
of the secondary batteries in 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 appearénce of the
secondary battery dﬁring repeated charging and discharging wasg 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



5 - good good 89 Exaniple 4-2 0.5 205 705 - -
good good 88 Exanple 4-3 1 205 70 5 good good

42

result was good. When ignition or the like was confirmed at even one test
among the three tests, the evaluation result was pooi‘.

‘To examine the overcharge characteristics after two cycles, the
secondary battery was overcharged after being charged and discharged for
two cycles in an atmosphere of 23°C. Ché.rging and discharging conditions
of a s.ingle cycle were as follows. The Secondarry' _ba’tter& was charged to a
maxir;:lum voltage of 4.2 V with a constant current of 0.2 C. The secondary
batfery remained charged at a coﬁstant voltage of 4.2 V for three hours.
| Then, the secondary battéry was discharged to a final voltage of 2.5V With a
constant current of 0.2 C. "0.2 C" is a current value at which a theoretical
capacity ié fully discharged in five hours. Overcharging conditions were as
follows. The secondary battery was charged to a maximum voltage of 12 V
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 chérged 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 after two cyclés 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
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two cycles in an atmosphere of 23°C. 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 58°C for 30 days. The secondary battery was then discharged at an
atmdsphei‘e of 23°C. The dischargé capacity at the third cycle was
measured (discharge capacity after storage). Finally, discharge capécity
- retention ratio (%) = (discharge capacity after storage/discharge capacity
before storage) x 100 was calculated. The chargiﬁg and discharging
éonditions for a single cycle were as follows. The secondary battery was
constant".vol'tage and constant-current charged to a maximum‘voltage of 4.2
V with a charging current of 0.2 Cr. 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.
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Battery structure: Laminated-type

Anode active material: Silicon (Electron beam evaporation method)

Cathode Electrolytic Solution
Discharge
Aromatic Axomatic Oceurrence of Ignition, etc.
Solvent (wi%) Capacity
Compeund Electrolyte Compound
Retention
Halt : After 2 After 100
Type wi% EC DEC FEC Type wt% Ratio (%)
Cycles Cycles
Example 1-1 0.1 20 50 30 — — good good 8L
Example 1-2 0.3 LiPFs 20 50 30 — — good good 81
o-TP ¢
Example 1-3 1 imolkg 20 50 30 e — good good &0
Example 1-4 3 20 50 30 — — good pood 80
Exzample 1-5 0.1 20 50 30 — — good  good 83
Example 1-6 0.5 LiPFg 20 50 30 —_ — zgood good 83
w-TP -
Example 1-7 1 1mol’kg 20 50 30 —_ — good good 82
Example 18 3 20 50 80 — — good good 81
Example 1-9 .05 20 50 30 — e good good 8
Example -10 0.1 20 50 30 — — good good 83
Example i-11 0.5 LiPFe 20 50 30 — — good zood 82
p-TP
Example 1-12 1 Imol/kg © 20 50 30 — — good good 82
Example 1-13 3 20 50 30 — — good good 81
Example 1-14 4 20 50 30 —_ —_— good good 76
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Table 2 -
Battery structure: Laminated-type

Anode active material: Silicon (Electron beam evaporation method)

Cathode Electrolytic Sefution _
Occurrence of Ignition, Discharge
Aromatic
Avomatic Compound Solvent (wt%) etc. Capacity
Electrolyte Compound
Retention
- Salt i After 2 After 100
Type | wi% EC DEC FEC Type wt% Ratio (%)
Cycles Cyeles
Comparative
50 50 —_— — — poor poor 7%
Example 1-1 LiPFg
Comparative 1modkeg
20 50 30 e — poor poor 71
Eixample 1-2
Comparative .
oTP 1 50 50 — — — good . poor 48
Example 1-3
Comparative LiPFs .
w-TP 1 50 50 — — — good poox b 49
Example 1-4 lmolkg ' .
Comparative 7
p-TP i 50 50 — — — good poor 51
Example 3-5
Comparative . LiPFs
- — 20 50 30 pTP 3 good good 66
Example 1-§ 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 mcluded FEC, ignition and the like occurred

both after 2 cycles and after 100 cycles. The discharge capacity retention
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ratio v-vas only about 70%‘ In Comparative Examples 1-3 to 1-5 that
_included o-TP and the like but did not include FEC, 'ignition and the like
occurred after 100 cydes. At the same time, the ignition and the like after
two cycles did not occur. However, the discharge capacity retention ratioc
significantly decreased. On the other hand, in Exarﬁples 1-1 to 1-4 that
included’o-TP- and the like and also included FEC, regardless of | difference in
ardmatic compound types (o-TP, m-TP, or p-TP), ignition and the like
occurred neither after 2 cycles nor after 100 cycles. In addition, the
dis_chargé 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 inclﬁdes FEC, a coating is formed on the
surfaces of the cat}iode 33 and the anode 34. Decomposition of the
electrolytic Solutioﬁ and aromatic compound is suppressed. Therefore, the
discharge capacity becomes less likely to decrease, even after high
temperature storage. Moreover, the overcharge inhibition function of the
aromati_c 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 waschangedrwithin a range
from 0.05 wt% to 4 wt%, if the content waé less that 0.1 wt% or more than 3
Wt%; the discharge capacity retention ratio significantly decreased. If the
cdntent 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
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Examples 1-1 to 1-4 aﬁd m-TP in Examples 1-5 to 1-8 as well, if the content
was within a range from 0.1 wt% to 3 wt%, the discharge capacity retention
ratio Wras almoét constant at about 80%.

In Comparétive Example 1-6 in which the electrolytic solution
included p-TP, ignition and the like occurred neither after 2 cycles nor after
100 cycles. However, the discharge capacity retention ratio dropped to a
60% range. On the other hand, in Example 1-13 in Which the cathode active
matérial layer 33B included p-TP, as described above, ignition and the like
occurred neither after 2 cycles nor after 100 cycles. The discharge capacity
retention ratio also improved to about 80%. The results indicate that, to
improve the discharge capacity retention ratid, the aromatic compound is
preferably included in-the cathode active material layer 33B rather than in
the clectrolytic solution.

Therefore, it was confirmed that, in the laminated-film secondary
battery in which the anode active matex_-ial 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
eleétrolytic solution iﬂciuded the ester carbonate containing a halogen, hoth
storage characteristics and overcharge charécteristics were énsured. It was
. also confirmed that, in that case, if the content of aromatjc compound in the
cathode active material layer was within the range from 0.1 wt% to 3 wt%,

the storage characteristics improved.

Here, only examplés in which the cyclic ester carbonate (FEC) was
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used as the ester carbonate containing a halogen are disclosed. Examples
in which the chain ester carbonate such as fluoropropyl methyl carbonate
and thé.like is used are not disclosed. However, as long as a halogen is
included, the chain ester carbonate has the same coating formation function
as the cyclic ester carbonate. Therefore, it isr clear that, even if the chain
e;ster carbonate is used, similar effects may be achieved as those achieved
when the cyclic ester carbonate is used.

The following may be drawn from the results in Tablell and Table 2.
In other words, based on the results of Comparative Example 1-1 thélt
includes neither o-'TP and the like nor FEC, technical signiﬁcanc_e of the
_résults of Examples 1-3, 1-7, and 1-12, and Cpmparative 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. Thérefore, it 18 cléar 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
thé- like after two cycles was improved. However, the discharge capacity
retention ratio significantly decréased. 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
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and to the ester carbonate containing a halogen, the occurrence of ignition
and the like should be prevented and, at the same time, a 'sufﬁcient
discharge capacity retention ratio should not be achieved simply'by the
aromatic compound and the ester carbonate containing the halogen being
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 occufrence of ignitioﬁ 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 jhrough .individual use of the aromatic
compound and the ester carbohate containing a halogen. As a result of the
éynergistic effect, a fuﬁction 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 stoi'age.
Examples 2-1 to 2-6

A procedure similar to those in Examples 1-9 to 1-14 was performed,
except thét'quaterphenyl (QP) was used mstead 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 ha.logen and the composition of the
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solvent was changed. The composition of the solvent (EC?DE_CIDFEC) was
a weight ratio of 30:50:20,
Examples 2-11 to 2-14

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 -
| -compositioﬁJ 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:FEC:V(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-bwas 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



good a 82 Connotative Exanple 4-6 - - LiPFs | nolfkg
20 5 70 5 p-TP 3 good geed 81 As shown in
Table 6 and Table 7, results simlar to those shown
in Table 1 and Table 2 were seen, even when the anode
active material |ayer 22B was formed using graphite
as the anode active materi & and the structure of the
battery was cylindrical type. In other words, in
Exanples 4-1 to 4-14 in which the cathode active
Examaplesi Zil and €16 wepe eremined. wesmits shopm 1 Taplerp anghdable 4
~ the electrolytic solution included FEC, the
werec cltagrede ofln dhilile od, amaripe IchkeastesstoppotsCentparative
. and the discharge capacity retention rati o was
Exdiglegds @ dndcDiZpieefisé ehéwapar ati ve Exanples 4-1 to
4-5 in which o-TP and the |ike and FEC were not
i ncluded together. In that case, a significantly high
di scharge capacity retention ratio of about 90% was
63 achieved. In Exanple 4-13 in which the cathode
active material |ayer 21B included p-TP, the
occurrence of ignition and the Iike was suppressed
and the discharge capacity retention rati o was
i ncreased, conpared to Conparative Exanple 4-6 in
whi ch the el ectrode included p-TP. Therefore, it was
confirmed that, in the cylindrical secondary battery
i n-which the anode active material |ayer of the anode
included artificial graphite, because the cathode
active material |ayer included the aromatic conpound
havi ng three benzene rings and the electrolytic
solution included the ester carbonate containing a
hal ogen, the storage characteristics and overcharge
characteristics were secured. Exanples 5-1 to 5-4
A procedure simlar to those in Exanples 4-1 to 4-4
was perfornmed, except that QP was used instead of
o- TP as the aromatic conpound. The conposition of the
sol vent (EC. PC. DMC. FEC) was a wei ght ratio of .
24:5:70:1. Exanples 5-5 to 5-10 A procedure
~simlar to those in Exanples 4-9 to 4-14 was
performed, except that QP was used instead of p-TP as
the aromati ¢ conpound. Exanples 5-11 to 5-14 A
procedure simlar to those in Exanples 5-1 to 5-4 was
performed, except that the conposition of the sol vent
was changed. The conposition of the sol vent
(EC. PC. DMC: FEC) was a weight ratio of 15:5:70:10.
Exanpl es 5-15 to 5-18



64 A procedure simlar to those in Exanples
5-1 to 5-4 was perforned, except that the conpositi
of the solvent was changed. The conposition of .t he.
sol vent (EC. PC. DMC. FEC) was a wei ght ratio of

on

5:5:70:20. Conparative Exagples 5-1 to 5-4 A
procedure simlar to those In Exanples 5-1 to 5-4 was

performed, except that the solvent did not include

FE Tﬂe%conpositi'on of the solvent (EC PC.DMC) was a
wei gAPEr %t i o of 25:5: 70. When t he overcharge
characteristjcs. and the storage characteristics of
Batfery stuacisaer yapanaed 8®e n Exanples 5-1 to 548 and -
Conparative Exanples 5-1 to 5-4 were exam ned, '
Anadesastive mhtameli Silied Electw beam eveperatimromeshedd.
H—rabte—S;—vartous—charactertstiecs—of Conparative
e ytic-Splyk ’ :
- Exappfg 411 and A- ! : : 5ol Benm, | Discharse
Bat | eryeaigt nuct urel Cyl i ndrc!1 cte}v!ﬂ;)type Anode active Capaciy
mat er daddwd  ArdiedufisteCli al rapﬁl ie Cathode |[El ectrol ytig A
Sol utidn Ogcuggencelghitidn, efc. Discharge Capagit y™ "
Ret enieijoms Rati o (%9%¢ Armehgt Fre Compoumd |El ect & olyxt e| Batio(w}
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Example 2-1 0.05 aa - 50 30 — — rood good 81
Example 2-2 T 01 . 20 80 30 — — good good 86
Example 2-3 0.5 LiP¥s 20 50 30 — — good - good 85
QP .
Example 2-4 1 Imol/kg 20 50 30 S — — good good 85
Example 2-6 | 3 20 50 30 e — good good 85
Example 2-6 1 20 50 30 — — good good 82
Example 2-7 0.1 30 50 — 20 — good good &7
Example 2-8 0.5 . LiPFe 20 50 — 20 . good good a7
QrP .
Example 2-8 1. Imol/kg 30 50 — 20 — good * good 86
Example 2-10 3 30 50 — 20 —_ good good 86
Example 2-11 0.1 30 ©oe7 —_ — 3 rood © good 83
Ezample 2-12 5 LiPFg 36 a1 — — 3 gond good 84
QP
Example 2-13 - 1 1mol/kg 30 &7 — — [ s good good 84
| Bxample 2-14 3 30 67 — — 3 good good 82
LiP¥e
Example 2-15 Qr 1 20 50 27 — 3 good good 35
1maol/kg
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Table 4

Battery structure: Laminated-type

- Anode active material: Silicon (Electron beam evaporation method)

Cathode Electrolytic Selution .
. Discharge
Aromatic Occurrence of Tgnition, etc.
" Solvent (wi%) Capacdity
Compound Electrokyie
- Retention
Salt Afier 2 After 100
Type wi¥% EC DEC FEC DFEC VG Ratio (%)}
Cycles Cycles
"1 Comparative
50 50 -— — — pour poor 72
‘Example 1-1
Comparative .
20 50 30 - —_ poor poar 71
Example 1-2 LiPFs
Comparative 1mal/kg .
20 50 — 20 — pour poor 72
Example 2-1
Comparative R
30 87 — - 3 poor poar 69
Example 2-2
Comparative
0.1 50 50 — —_ -— good poor (-2
Example 2-3
Comparative - .
0.5 50 50 — — — good poor 62
Example 2-4 LiPFs
QP
Comparative Imolfkg
1 6O 50 — — — good poor 59
Example 2-5 ] .
Comparative
2 a0 50 —_ — — good pooE 57
Example 2-6

As shown 1n 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 FECror 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 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
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ratio increased, compared to Comparative Examples 1-1, 1-2, and 2-1 to 2-6
in ﬁvhich QP and FEC and the like were not included together. In Examples
2-1 1o 2-6, if the QP content became less than 0.1 wt% or more t_hanl 3 wt%,
the discharge capacity retention ratio tended to decrease significantly.

Even when QP was used as the aromatic compound and FEC as the
ester carbonate containing a halogen and VC as the ester carbonate
containing an unsaturated bond was mixed and used, effécts 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 included FEC aﬁd 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 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 méterial
1éyer included an aromatic compound having four benzene rings and the
electrolytic solution included at least one typer 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 layer was
within the range from 0.1 wt% to 3 wt%, {:he storage characteristics

mproved.
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An attempt to include QP in the eleétrolytic solution, similar to
Comparative Example 1-6 inéluding p-TP in the electrolytié solution, was
made. However, QP did not dissolve in the édlvent of the electrolﬁic
solution, nor did QP dissolve whern 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 gomposition 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
4OG°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 ir_l Example 2-12 was plerformed, 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
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~was performed, except that the cathode active material layer 33B did not

mclude QP.

Conﬁpa:rative Example 3-3 to 3-6

A procedure similar to those in Examples 3-1 to 3-4 was performed,

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 5 were obtained.

Table 5

Battery structure: Laminated-type

~ Anode active material: Silicon (Sintering method)

Cathode Electrolytic Solution
Aromatic Oceurrence of Igmition, ete.
Solvent (wi3) Diacharge Capacity
Compound, Electrolyte
retention ratio (%)
Salt After 2 After 100
Type wi% EC | DEC FEC vC -
Cycles Cycles
Example 3-1 0.1 10 50 40 — good good 87
Example 8-2 05 LiPFs 10 50 40 — good zood 86
Qr
Example 3-3 1 1mel/kg 10 50 40 — good zood 86
Example 3-4 3 10 50 40 — good good 85
LiPFy "
Example 3-5 QP 0.5 30 67 2 Tgiod good 83
Imol/kg
Comparative
10 50 40 — poor poer 71
Example 3-1 LiPFe
Comparative 1mol/kg
30 87 — 3 poor poor 68
Example 3-2
Comparative . LiPFs
QP 0.1 7 40 &0 —_ - good poor 64
Example 3-3 tmol/kg
Comparative
0.5 40 60 — - good paor 62
Example 3-4
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Comparative
1 40 80 — —_— . Bood poor 60
Example 3-5 -
Comparative
. 3 40 - 60 — — good poor 58
Example 3-6 :

As shown in Table 5, results similar to the resu;ts shown in Table 3
and Table 4 were obtained even when the anode active material layer 34B
was formed by the sintering method. In other words, in Examples 3-1 fo 3-5
in which the cathode active material layer 33B included QP and the
electrolytic solution included FEC or VC, the occurrence of ignition and the
like was suppressed and the discharge capacity retention ratio' ncreased
compared to Comparative Examples 3-1 to 3;6 in which QP and FEC and the
like 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 (Sintefing 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 in Fig. 1 and Fig. 2 was
fabricated using artificial graphite as the ahode material instead of silicon.
When the secondary battery was fabricated, first, in adhérence- 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
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aromatic compourid\(o*TP, m-TP, or p-TP). The anode 22 was then formed.
When the anode 22 was formed, 90 parts by weight of graphite ‘powder
serving as an anode active material and 20 parts by weight of polyvinylidene
fluoride serving as a binder were mixed, forﬁiﬁg an anode mixtﬁre; The
anode mixture was then dispersed in N-methyl-2-pyrrolidone to obtain
paste-h'ke anode mixtﬁre slux;r&. The anode current collector 22A made of a
strip-shaped copj;)er foil (thickness of 15 um) was evenly coated with the
anode mixtﬁre slurry. The anode mixture slﬁrry was. then dried énd
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 séparator 23 made from microporous polypropylene ﬁIﬁt
(thickness of 20 um) 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 thenﬁ housed in the battery can 11 made of nickel-plated iron. Finally,
the prepared clectrolytic solution was injected into the-battery can 11 using a
decompression method. As a result, a cylindrical secondary battery havmg

a diameter of 18 mm and a height of 65 mm was formed.
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Aromati c ‘

When the electrolytic solution was prepa_red after EC, propylene
carbonate (PC), dimethyl carbonate (DMOQ), and FEC were mixed, LiPFs
serving as the electrolytic salt was dissolved in the mixture. The
composition 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/kg.

- Comparative Example 4-1

A procedure similar to that in Example 4-1 was performed, except
that the cathode active mateﬁal layer 21B did not include o'TP and 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 4-2

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 includel 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
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EC PC DMC FEC After 2 Cycles After 100 Cycles '
Conparative Exanple 4-1 _ 1nolfkg LLPF5 25 5 70 -

poor Poor 89

60

of the secondary batteries in Examples 4-1 to 4-14 and Comparative
Examples 4-1 to 4-6 were examined, results shown in Table 6 and Table 7

were obtained.
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Table 6

Battery structure: Cylindrical-type

Anode active material: Artificial graphite

20 5 70 5 poor poor 89
0.1 LiliF5 Inollkg 25
5 70 - good Poor 89 Conparative Exanple 5-2 0.5 25

Cathode Electrolytic Solufion
Occurrence of Ignition, Discharge
Aromatic Aromatic
Solvent (wt%) ekc. Capacity
Compound . Electrolyte Compound
Rejention
Salt After 2 After 100
Type | wi% EC PC DMC | FEC | Type | wi% ) Ratip (%)
Cyeles Cycles
Example 4-1 &1 20 5 70 5 — — good good 89
Exaniple 4-2 05 LiPFs 20 5 70 5 —_ —_ good good 88
o TP
Example 4-3 . 1 Imolfkg 20 5 70 5 — — good good 88
Example 4-4 3 20 5 70 5 — - gond good 86
Example 4°5 1 20 5 .70 5 — — good good. 90
Example 4-6 0.5 LiPFs 20 5 10 5 — — good good 89
m-TP
Example 4-7 1 lmol’kg 20 5 70 5 — . good good a8
Example 48 3 . 20 5 70 5 — — good good 87
Example 4-9 0.05 ] & 70 5 — — good good 8%
Example 4-10 . 6.1 20 5 70 5 — — good good 90
Example 4-11 ) 0.5 LiPFe 20 5 70 5 —_ — good good 89
: pTP
Example 4-12 1 Imolkg 20 5 70 5 — — good good 89
Example 4-13 3 20 5 - 70 5 — — good good 87
Example 4-14 4 20 5 70 5 — — good good 85




570 - good Poor -88 Conparative Exanple 5-3 25 5
70 good poor 88 Conparative Exanple 5-4 3 25 5 70
- good poor 87
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Table 7
Battery structure: Cylindrical-type

Anode active material: Artificial graphite

Cathode Electrolytic Sclution
Ocowrrence of Ignition, Discharge
Aromatic Aromatic
Sobvent (art%) ) ate. Capatity
Compound Elecirolyte Compound
, Retention -
Salt After 2 After 100 N
Type wi% EC PC DMC FEC Type wi% Ratio (%)
Cycles Cyeles
Comparative
25 5 i — L= — poor poar 89
Example 4-1 -~ LiPFeg .
Comparative Imoifkg .
20 5 70 5 —_ —_— x X 89
Example 42 ’
Comparative .
o-TP T 25 5 70 - — — good x - 77
Example 4-3 . '
Comparative LiP¥,
m-TP 1 25 & 70 _ — _— good x 80
Example 4-4 1molkg
Comparative
: p-TP 1 25 5 - 70 — — — good * 82
Example 4-5 )
Comparative LiPFs
— — 20 5 70 5 p-TP 3 good. good 81
Example 4-6 1molfkg

As shown in Table 6 and Table 7, results similar to thosé shown in
Table 1 and Table 2 were seen, even when the anode activer material layer
22B was formed using graphite as the anode active material and the
structure of the battery was cylindrical type. In other words, in Examples
74-1 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
igﬁtion and the like was suppressed and the discharge capacity retention
ratio was increased, compared to Comparative Exan;lples 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
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the solvent (EC:PC:DMC:FEC) was a weight ratio of 15:5:70:10.

Examples 5-15 to 5-18



Wt % EC PC DMC FEC DFEC VC After 2 Cycles After 100
Cycles Exanple 6-1 0.1 111F5 Ilmal/kg 20 5 70 - 5 -
good good 93 Exanple 6-2
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A proéedure 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 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 comprosition of the solvent
(EC:PC:DMC) was a weight ratio of 25:5:70. |

When the overcharge characteristics and the étorage characteristics
| of the secondary batteries in Examples 5-1 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.



0.5 205 70 - 5 - good good 92 Exanple 6-3 1 20 5.

70 5 - good good 92 Exanple 6-4 3 20 5

Table 8

Battery structure: Cylindrical-type
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Anode active material: Artificial graphite

Cathode Electroiyiic Solution
. Discharge
Avopgatic Occurrence of Ignition, etc.
Solvent {wt¥%) Capacity
Compound Electrolyte
Retention
Salt After 2 After 100
Type wi% EC PG DMC FEC Ratio (%)
Cyules Cycles
Example 5-1 0.1 24 5 T0 1 good good 91
Example 5-2 0.5 LiPFe 24 5 70 1 good good 91
qr .
Example 5-3 1 1mol/kg 24 5 76 1 good good 90
Example 5-4 3 24 5 0 1 wood goed 90
Example 5-5 0.05 20 5 70 5 good good 90
Example 5-6 Q.1 20 5 70 5 good good 92
Example §-7 0.5 LiPFs 20 5 0 b zood good 92
Qr -
Example 5-8 b Imoelkg 20 5 70 5 good good 92
Example 5-9 3 20 B 70 5 good good 91
Example 5-10 _ 4 20 5 70 5 good good 90
Example 5-11 0.1 15 5 70 10 good good 91
Example 512 0.5 LiPFs 15 5 T0 10 good good 91
QP
Example 513 1 1mol/kg 15 5 0 10 good good o1
Example 5-14 3 15 5 10 10 good. good 90
Example 5-15 0.1 B 5 70 20 good good 90
Example 516 05 LiPFe 5 5 70 20 gaod good o0
QP

Example 5-17 1 Imolkg 5 5 70 20 good good 89
Example 5-18 3 5 5 10 20 good good 89




70 - - good good 92. Exanple 6-5 0.1 Li PFB | nol/kg
23 5 70 - - 2 good good 93 Exanple 6-6 0.5 23 5 70
- -2 :
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Table 9
Battery structure: Cylindrical-type

Anode active material: Artificial graphite

Cathode Electrolytic Solution
B "| Discharge
Arpmatic Ocenrrence of Ignition, ete.
Solveat (wt%) . Capacity
Compound _ Rlecteolyte
Ratention
Salt After 2 After 100
Type wit% EC PC DMC FEC Ratio (36}
Cycles Cryeles
Comparative
25 5 70 — poox puor 89
Example 4-1 LiPFs
Comparative ) mollkg
20 5 70 5 poox poor 89
Example 4-2
Comparative ke . o
: 0.1 c28 5 | 70 — good poor i
Example 5-1
Comparative .
0.5 25 5 70 — good poor 88
Example 5-2 LiPTe
QF
Comparative Imolkg
1 25 5 70 — good poor 88
Example 5-8
Comparative
3 25 5 70 e good poor 87
Example 5-4

As shown in Table 8 and Table 9, results that are similar to those n
Table 6 and Table 7 were seen even when QP is used as the aromatic
compound and the content of FEC was changed. In other words, in
Examplés 5-1 to 518 in which the cathode active material layer 21B
included QP and the electrolytic solution included FEC, the occurrence of
ignition and the like was suppressed and the discharge capacity retentioh
ratio was increased, compared to the Comparative Examples 4-1, 4-2, and
5-1 to 5-4 1n which QP and FEC were not included together. Therefore, it
was confirmed that, in the cylindrical secondary battery in which thé anode

active material layer included graphite, because the cathode active material



good good 93 Exanple 6-7 1 23 5 70 - 2 good good
93 Exanple 6-8 3 23.5 70 - 2 good good 92 Exanpl e
5-8 QP
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layer included the aromatic compound having four benzene rings and the
electrolytic solution included the ester carbonate containing a halogen, i;he
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 use-d 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 59 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 similar to that in Example 58 was performed, o except

that VC was added and the combosition of the solvenf was changed. The
composition of the solvent (ECZPCZ}jMCIFECIVC) was a welght 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



111F5 Inong 20 5 70 5 - good good 92 Exanple 6-9
20 5 67 3 good good 92 Exanple 4-1 - - Li.PF6
| mol / kg 25
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of the secondary batteries in Examples 6-1 to 6-9 and Comparative Examples
6-1 and 6-2 were examined, results shown in Table 10 were obtained. In
Table 10, various characteristics of Example 5-8, Comparative 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 Electrolytic Solution
Oceurrencs of kgnition, Discharge
Aromatic
Solvent (wi%) ete. Capacity
Compoumnd Electrolyte P
: Retention
Salt After 2 After 100 )
Type | wit% EC rc DMC FEC { DFEC | VC Riitio (%)
Cycles Creles
Example 6-1 0.1 20 5 70 — 5 — good. goad a3
Exzample 5-2 0.5 LiPFs 20 5 il — 5 — good good 92
Qr
Example 6-3 1 Imol/kg 20 5 70 — 5 — good good 92
Example 6-4 3 20 5 70 — 3 — good | good e 92
Example 6-5 0.1 ) 23 5 70 — — 2 good good 23
Example 6-6 0.5 LiPFs 23 5 0 —_ — 2 good good 93
. Qp -
Example 6-7 1 Imol/kg 23 5 70 —_ - 2 good good 93
. Example 6-8 3 23 5 70 —_ — 2 good good 0z
-Example 5-8 LiPFs 20 5 70 5 — — good good 92
QF I 1 j
Example 69 lmol/kg 20 3 67 5 — 3 good - good 92
Example 4-1 25 5 70 — — — poor poor 89
LiPFs .
Example 6-1 — — 20 5 0 — i — poor -»{ ° poor 90
Imol/kg
Example 6-2 23 5 k] — — 2 poor poor 90
Example 5-1 0.1 25 5 70 — — — good . poor 89
Example 5-2 0.5 LiPTe 25 5 70 — —- - good poor 88
QF
Example 5-3 1 1mol/kg T 25 5 70 — — — good poor a8
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



5 70 - - Poor poor 89 Exanple 6-1 20570 - 5 -
90 Exanples-2 23570 - - 2
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containing an unsaturated bond. In other words, in Examples 6-1 to' 6-8 in
which the cathode active material layer 21B included QP and the electrolytic
solution included DFEC or VC, the occurrence of ignition and the like was
suppressed and the discharge capacity retention ré,tio decreased, compared
to Comparative Examples 4-1, 5-1 to 5-4, 6-1, and 6-2 that did not include QP
and DFEC and the like together.

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, becausé
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 uns.aturated -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



'poor poor 90 Exanple 5-1 QP 0.1 L1PF6 I mol / kg 25 5 70
- - good . poor 89 Exanple 5-2 0.5 255 70 - - -
good poor 88 Exanple 5-3

70 -

were ensured regardless of the material used as the anode active material,
the formation method of the anode active material layer, and the battery
structure, beéause the cathode active material layer included the aromatic
compound having three or more benzene rings and the electrolytic solution
included at least one of the ester carbonate containing a halogen and the
ester carbonate containing an unsaturated bond. In particular, it was found
out that more favorable effects were achieved when silicon allowing high
- energy density to be achieved was uéed as the anode active material, because
‘a rate of increase in the discharge capacity retention ratio increased. It is
thought that, in the result, a decomposition suppressing effect of the
electrolytic solution was remarkably displayed 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 im.rention is not limited to the aspects
described in the foregoing efabodiments and examples, and wvarious
modifications may be made. For example, in the foregoing embodiments
and examples, in the case where the electrolytic .éolution or the gél
electrolyte in which a polymer compound holds the electrolytic solution is
used as the eléctrolyte 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,
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batteap aniwlhichetheneammeityaed Grenarodd svegpyserd hesed on deposition

and dissolution of lithium are described. However, the battery type is not
necessarily limitgd thereto. The battery of the invention is sir@ilarly
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 6f lithium and deposition and
dissolution of ithium. 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 clements have a spirally-wound structure are
described as examples. However, the batfery 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
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aromati c conpound is at |east one of terphenyl and
guat erphenyl . 6The battery accordi ng to any- one of
the preceding clainms, wherein the anode includes an
anode active material including a material having at
"l east one of carbon materials, lithiumnetals, or
metal s and netal | oids as amgel enent. 7. The battery
according to any one of the preceding clains, wherein
t he anode includes an anode active material including
C-Lﬁ!MéeaSt one kind selected fromthe group consisting
of a sinple substance of silicon, an alley of
silicon, and a conpound of silicon and a sinple
substance of tin, an alloy of tin, and a conpound of
tin. -
1. A battery comprising a cathode, an anode, and an electrolytic solution,
wherein:
the cathode comprises a cathode current collector and a cathode active
material layer provided on the cathode current collector;
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;
and
wherein con_ten’z‘ of thé aromatic compound in the cathode active material

layer is within a range from about 0.1 wt% to about 3 wt%.

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
c‘dntaining 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.
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5. The battefy according to any one of the preceding claims, wherein the

‘aromatic compound is at least one of terphenyl and quaterphenyl.

6. 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.

7. The baﬁery écoording to any one of the preceding claims, wherein the
anode includes an anode'active.ma’[e'rial including at least one kind selected
from the group consisting of a simple substance of silicon, an alloy of silicon, and
a compound of silicon and a simple substance of tin, an alnloy of tin,.and a

compound of tin.



