1 ANODE ACTI VE MATERI AL, ANOCDE, BATTERY, AND METHOD
OF MANUFACTURI NG ANODE CROSS REFERENCES TO RELATED
APPLI CATI ONS The present invention contains
subject matter related to Japanese Patent Application
JP 2008-003541 filed in thg Japanese Patent O fice on
January 10, 2008, the entire contents of which being
i ncorporated herein by reference. BACKGROUND COF THE

| MENDEONCTIVEIMAGERIAL MENODR BATAER Y, AND MEEHOD OF
present invention relates to an anode active materi al

contai ni ng a spheyasiyH@EURMNENNGBEd subst ance of
nmesophase spherul e, an anode i ncl udi ng the anode

active material, a battery, and a nethod of
manuf acturi ng an anode. 2. Description of the Rel at ed

RS RERERENC R A PR RS S and ot cbook

personal conputers have been mndel% used.
AccORIiFEEY engon (yefaing splects maltem gelpise t g flapanese Patent
devices, a small and |ight-weight secondary batter
Appligation Pt RUPE-WRpatiftlsd athe Hepanesn EntentsOfftieyord ammanyeld), 2008,
As a secondary battery to neet such a demand, a
the dntitehiompantsost sigick belap Yndogiok&ed hesin'tyy @fega@ichon materi al
as an anode active material and using insertion and
extraction reaction of lithiumis included.

.BACKGROUND OF THE INVENTION
1. Field of the Invention

The present immvention relates to an anode active material containing a
spherocrystal graphitized substance of mesophase spherule, an anode including the

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

2. Description of the Related Art

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

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

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



As the carbon material used as an anode active

material, a graphite particle with high crystallinity

is minly used. This is because the graphite particle

has hi gh el ectron conductivity and superior discharge

performance at a high current, and its 2 potentia

change associated with discharge is snmall, and thus

the graphite particle is suitably used for the
potgutinlpdvmge sswkiagst with stisohtrgp onesmalli, sodhangethe |graphite particle is

addition, its real density is high, and thus a high
suitdil} kisetefds ithe/ pirpoSRSutly a9 béraitade powrheiseiese, Thhddition, its real

graphite particle is advantageous to realin a high
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ti'n or the li ke that has a ghef capacity, intense
I shri.nka occur. assocj ated with. ..
parttfls SRAGRERAn T EREN A58 RGP RRhE DR Hdifhiay cqiaining
... has_.an vant age that,K such a vol une chan is .
silicgn %ﬁéﬁ@e Bkg THat has s higher eppcRLSIIREE AT Ry g shrinkage

density of the lithiumion secondary battery in these
- occweagpaciated vithischipegmand fisehargs. r dpanpdiilsi tis gebhdnomateniebhas an
of graphite. However, for a natural graphite
advpvageitbitepctaa velwereshhige is aptaeontly sewtlr enel y cl ose to
the theoretical capacity of graphite (372 mAh/g) has
bee Mo abtiishe high@iegfQleasity bf thasitie@Nos @é&%h&’&%r ®attdrd in these
realize capacity inprovenent as a battery by tilling
years/it Bad beFh ek ﬁéqjleh'l'f%:é Hl%l? g&?oﬁlﬁlﬁc% ?/f %:)?;{3%@{"' tI-ﬂ)vH?f@xf, éfor a natural

graphite particle at h densi or exanp

srufft S3HRS 4 BRI s R mgb BRE T Bl B comaciy of
L tizati , . and he i bl e
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particle. Therefore, for the artificial graphite

capgsHy dnproyement asppbasicey bhéllineerasiibited velpmeiingide thabiatery with
consi derations such as inproving purity of a raw

the gmplite particlsett thigig dappy dyr foat exagiphp hidjusdsg iherparticle shape. In
conditions, and adding a catalyst matter pronoting

genddala ph ftifead] igpdbhive Yarteeekns mdasufticiehi saphifRtRAREER! ¥nd thus
batteries using a carbon material are disclosed in,

the Ife%rlsﬁ)’&aég_ﬂ)hﬁty 1aRRRESH tHSraft Radr %a?)ﬂg%ﬁ%ggffg gf[ih%fore, for

Publi cation "Nos. 57-208079, 58-931

4 62- 122066,. 2- 66856, 2004-95529, and . .
the 5EA0 SRR GE S B RE VAP ro el AR, Bl gpnsiqerations
anqde active. nmaterial |ayer containing a carhon, o
such SR ITPFGIng B @R anHENal oy n MRS PTR g Eation conditions,

col | ector such as a copper foil is coated with paste
and gflding v ¢atalyii oaiter pypmpting eraphitizatiore have beendwede. a Lithium ion
t hi ckeni ng agent and the 3 like are dissolved in
seconddrgr badterias veing anicarbsw [vaatialaard dsdledd iapfpreagipdd) Japanese
nol ding, cutting and the |like are performed. The
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obtain a predeterm ned thickness and density in the

i aCis 1 i i - al j hi gher ener
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e

ot B Eafertagar S dpBRRL ah Bhod VG RanEeR /S posigin »

anode actiyve material layer is increased, there is a __ .
carbgp, S it ‘E}/DU*PEEPS Mﬁ’%np hdtss pSHoRR Wligfor s4¢é agsgweper foil is

active material particle conposing the anode active
coatprhweth ipaste Shyrinivahigly ygtaphitoparticigppbigider, a thickening agent and the

Therefore, a method to avoid the crushing and the

droppi ng of the anode active material particle

associated with press nolding by using a nesophase

graphite spherul e having a hi gher conpression break

strength (that is, higher hardness) has been proposed-

in for exanple, Japanese Unexam ned Pat ent

Application Publication No 7-272725.



SUMVARY OF THE | NVENTI ON I'n the case where the
nmesophase graphite spherul e having a high hardness is
used as i n Japanese Unexam ned Patent Application
Publication No. 7-272725, while the crushing and the
droppi ng of the anode active material particle is
able to be prevented in conpression nolding, |oad
~given to the anode current collector as a base on
likewtre ahissohied dinosteien ot | ane orgatier sahventt aapdrdricst, fcompedsips molding,
i ncreased. Thus, a crack, a rupture and the |ike of
cuttirige andhatle likgr aRNtpedoh&Lt OThdTaypndecsgionemaldfly is an operation
particularly in the vicinity of an end of the anode

nec@Sary M€ oBBELL itp?édejce@%ﬁ{ed tARRES 1aRE i¥msitytinithe Fhddel LHYE material

to increase the press pressure. As a‘result, the

tayefO HRAMED Rl Al BAROUT LEMNE iR Gl I Flhe Berease
hi . ticl i. | icle .4 _
the ﬁé‘lﬁﬁaﬁl Emgﬁ{;'fﬁﬁ%ggq%aq\éhg? 11%;%%& langtp %'Ha Ceé/_gq, ifie volume density

graphite, and graphite_ obtained by crushing the )
of thg-aq0de prike mpian lexerdn ihcgraseri [taTe e pesstbility dkat af cethpression
scale-li ke graphite is used as an anode active
moldegethi ahodefachive nptertal pattichcotenusing \thd snoeln abliedmatarial layer is
it is advantageous to realizing a higher energy
crusilefst drgp@dd. t he battery. However, when filling such a
particle having a small particle hardness at a high
densipbdfort NELEIbE t& NGE e S3sHif bW Be dldiind SF tF@ a¥ReSictive
in the anode active material |ayer, In rticular, 1n
1 L.chnj . surf IS decreased.in .
malff U800 Wit SUE 85 Bime 8 SHRLS BRR GG eregnifp ohernle
suf fi.ci ent| erneat ed or j npregnated, d charge and
havige a g eorhrebit Braak itesth (g ke asdngssd at Ben proposed
. Characteristics_at |ow tenperature are | owered.
in forigxample, Jappeess Ealesamined Pgteaphpplicatinn Publicagipn ok 7872725,
obt ai ned by crushing the scale-1ike graphite and
granul ating particles of the scale-like graphite have
a larger specific surface area than that of the

SUMBSOPpY @seTgE aRviReTEpher ul e. Thus, there is a
possibility that | owering of a peel strength between

t he japQde Wh%?éﬂhe%%@ﬁ&é&r ‘?L%ﬁeﬁﬂpﬂgvi%tgic}% L hardness is

material |ayer and |owering o rge and ge
icken e . shtion.of ,t | egtr j .

wse iy i YRS PEabRURECEIBRALRANS] Phiffeefiof NS 21755, wale
foregoi ng, .i n_an enbodi rent of the invention, it is

the qRsfPELRE {5 SWQP}D&Og PR Attt RSk PRTtgleds able to be
capacity and superior charge and di scharge

prevfiefl di sp@presyior middingi paggremmbiodheremedeofurtehiecollector as a base
invention, it is desirable to provide an anode active

on whickrthalansdd tableemfatriab igler as hardedr i, inamasedod&higvi agek, a
the anode active material, and a nethod of

ruptiRisdast Uké BYtiHeh@oaB@dfrent collectol tha@ bkl deBbraRERRGHcufly in the
. ; . { ) Y
the invention, there is provided an anode active

vicifR! 8F hilend QPR %Bge AcHRD a%?il'é}’%@}. %&glﬁﬁjﬂ%lﬁﬁﬁ is difficult to
subst ance of nesophase spherul e provided w a'line

. The fing pore js.herein a.conce .

e R g Ot o " PR GOFRIT Kl the anode active
S rocrystal graphitjzed substance that is bl ocked

‘nmgﬁgﬁﬁFﬁ%mﬁﬂ?%Pe%@ﬁ?ﬁ , an air hole having one path

connecting to the outer surface (that is, a dent

secMegpyhilanig the case where a graphite particle having a small particle



S through hol e penetrating froman outer surface of
one region to an outer surface of the other region
(air hole having two or nore paths connecting to the
outer surface). In a second aspect .of the
invention, there is provided an anode havi ng an anode
active material |ayer provided on an anode current
‘coIIector wherein the anodé active materi al | ayer

haﬁﬁ%s LR aé’anzﬁﬁrjar“‘ %ﬁ%éﬁges ts@zj.le g%@%ﬁkl&l‘t& ﬁ?d g&Bﬁ&@&b‘%ﬁné’J l%y crushing

neso ase s provi de ore as a
m@mréerrra:cmmﬁtemﬁegﬂrmhatmg particldsnofahé Iad:znedms paphitedfs sB& as an

invention, there is provided a battery conprising: a
anedet hovtve: materidnGtiing atnal high &dneity rnbblgabéed whe riieisnadvhetageous to

an anode actjve materi Ia er vi ded, on
redl g o AR AN DS G e At baﬁ%md e & gtheh Ay gicn A particle
hal'® %rshﬂh gaﬁ ff har@id éa’atnashrg gotﬁér}é% %nc%aag%ﬂdwgsedfhat is, a
subst anc nmesophase spheru provi ded with a fine
voioinethasmade anivd emaeiilVieystpineparadular, in the Jiginithef drogeface, is

‘active material, the anode, and the battery of the
degrptsed |1frré¢ft18fe%§font meldingy en elestiolytit solulimeis @@r Wﬁerr:ntly permeated

r aphi t| stanc f mesophas her ovi de
or Sfpfetpisdy i UBTE 8 BiriPRn BRORTERE of dferliGH S5 charge
chRh &S8P LR tehipRrakdrd %rePR:Rn%rédS Eiritsherk %Qa l‘il&e%ﬁlmﬁe and the
havi ng the hardness at the degree w'th which
graphiel @btaitred et croshihg ehoscalsliko praghita ged graankitisg ppaicks of the
into which an electrolytic solutionis sufficiently

scaéehhreaqae@tq have éé%FE%ch'Pe‘F‘ﬁ? sirdace apgadhandhe b dheymesgphase graphite
splgernﬁF : IT}IU.SZ ‘la‘lgerg' #éb S]Boasg% g fthalrr?o%%r)ﬁ% QesErléJP&% g)?t%ve@“? the anode

er $peci sur e area at 0
cu@érR P& fe€or SH@! 18e | dnoBe %ﬁp@lrﬁaeenaangyeg r arhidkRriapt o e and
by crushing and increasing the nunber of particles o
dischregmefficicady dpcdp Idectommsltmh ef the gleetrdlyhescutamhmayehe caused.
Therefore he spherocr L ra h| zed subst.ance of
H‘&@’e"%‘%ﬁ JPH?B%’“%S‘ ‘a‘g e iRFPEYE- 1hEe estrable to

r 1 ?%Ptp!ﬁgtalfsﬁlg %2]’?@16?@ agitf %‘5@%‘?’.@%‘? c,fh'a%lg ?‘g& Aischarge efficiency.

Fupha@ indgd elabcﬁmﬁlla@rdoioﬂlermwmha@tw fid Bgirabie a0 @ﬁﬁrlde an anode active
conFrrsrng the steps of: preparing an anode current _
agepial ewitable, foamach hdntieor A Beodenhaxgdbe aeedo ectivamagterigl, and a
er. con nin herocrystal graphitized
In%ﬁﬁé gﬁ&%éﬁ “ﬂ%ﬂﬁ @% spherul e provided with a fine
Por & Mk @sp@&ogle ﬂféufnﬂr@ﬁ;onc &G BrovidRA%n Shode active material
pressi ng-nol di ng the anode’ active material |ayer so
corithiaingan sphbmmmﬁbgmphmzémmbemﬁcer of mheyoplinse splrgde provided with a
1.50 g/cnB to 2.26 WnB, both inclusive.
lnﬂﬁ@ﬁrdrng to the anode active material of the
nt ofternventlo Qgr
o a0i (05 8e% b Beinca SRR s RS AL B3R b soising in the
sphetdchystAl @rdphitBed QuBstinte Qﬁ’éﬂh@'bﬂﬁﬁed Fibﬁlrﬁfa Qufr sWhde€ an air hole
har dness is prevented from being increased, a space
havimg onewhiticépnaectinigde thealuyer iserfas (et isrm dept mﬁcﬁn)cm@m ly
pernmeated is secured even when press-nol ded at a high
press pressure.



According to the anode of the enbodi nent of the

i nvention, the anode active material |ayer including
the foregoi ng anode active material of the enbodi nment
of the invention is included. Therefore, the volune
density of the anode active material layer is able to
be inproved relatively easily, and the discharge
capacity is able to be inpréved. Meanwhi | e, the anode

thiBGdd NSe! e%ra{igé gjoﬂy ohtsr @RfaEe bPoRELYIR 18n outer surface of the

1}
appropriate v Therefore, I1n the case where the
ottenogeni(gir islkediafiog tam oehertpatc lkemectilg @ehd adersudhceds

the_battery of .the.enmbodi.ne of the .inventi .
oot Reroh erpeghol BBt dhert bt ded PoRyRdE heying an anode
actPef ekl ROV IRBLEL N aRbd® stRnBBSIRBIAGK SN AR Bfidddlactive -
| ayer, and superior charge and di schar ge

maghial deeecoaiping s aphere i gaphitized subsipgceopldmagpphaset spiierule
prﬁc{éaﬁgﬂthog 1&3%‘1’5 ?ﬁ&“&ﬂoﬁga&&e g&?&ﬁl."f the enbodi ment of

i nventi e anode active rmterial |ayer having
a himgh thizd unpectd erfsthe yinesndon, theghisdprociled gebatiepacodprising: a
catI %3311 gﬂ};(?eé %ﬁd ggfqllel(g p[yi(t)er n\aﬁaderevi\{ll tt}{]go%{gflg gg%grlf %qd%g%tive material

1oy SRR D n al RRIIAER BN AN AhAGRRe Ahtive Ratb SRfek Bhtains

appear nore fully fromthe foll ow ng

a spleseary gl igoaphitizgd BRisERcOESERIOPTIsORPIERIT pievIIRAWIth@ESfine pore as

Fig. 1.is cross sectional viewillustrating a
a“???ﬁ@?%?@“%?mﬂ'first battery according to an

enbpoheerddeQbktivd@atefiNE tHeia@Bde, and the bafdrg of theiembaddidicdSof the
_ sectional viewillustrating an enlarged part of the .
invgpsiqna fheyspligrasiysel eephigerd %Jgé!ﬁ?nqerpftrﬁ@wh% srhisgtle grayided with
the! ﬁﬂe?:otré A Gfhediflg ﬂre dfore, when regé-gmld%d,' the Fe ?)%Sl%l R4%8hed and

perspective view | fustfatlnB a structure of a secon
theledly thaving aloe bardnasg at thet degree atddivhieh ttheofinodf ewirent entleader; is not

BT EAEE R T p—
sectRd O RInes IROsheRRENstdl lotdphlizad QebstancdbHmesbphase spherule has a
smaller specific surface area than that of natural graphite, scale-like graphite, and
praphite obtained by crushing and increasing the number of particles of the natural
graphite or the scale-like graphite. Thercfore, the spherocrystal graphitized substance of
mesophase spherule is advantageous to improve peel sirength and charge and discharge
efficiency. . 7

In a fourth aspect of the invention, there is prévided a method of manufacturing
an anode comprising the steps of: preparing an anode current collector, and then forming
an anode active material layer containing a Sphefocrystal graphitized substance of

mesophase spherule provided with a fine pore on the anode current collector; and



Fig. 5is a cross sectional viewillustrating an
enl arged part of the spirally wound el ectrode body
illustrated in Fig. 4; Fig. 6 is a cross
sectional viewillustrating a structure of a third
battery according to the enbodi nent of the invention;
and Fig. 7 1is a cross sectional view
illustrating a structure of "a test cell used in
pr&¥ia glﬂll(ﬂéilé%theta'%dé Y08 lafial 1FkAD P PERHRIRIiMh kot is in the
THE PREFERRED EMBCDI MENT ~ An enbodi nent "of the
rangeeom .88 gieint’ [to Ba6 lgme; beth insfustiéscri bed i n det ai

it f to the.d ' o Fi tt . .
i g b EgE P i 451 BERERS B ool Fibt bf e dpegion. the
splREGRNIA YRR AE Eybs@aﬁe@s%@&FBge aph 2P PRVRA Wil (ht iRe pore is
I nvention. The battery is, for exanple, a lithiumion

coteinodddhgreliat.t hife harddys db ptdventad ddben bapa dicrgaséds a space into

expressed by a capacity based on insertion and
whisht piy elecplydie splutipn dmsalicieaths nsensabdlelsr 5 Ed fven vgien press-
econdary battery is a so-called cylinder-type :
HlI%%f%?§¥¢éﬁ%¥ g§mggspirally wound el ectrode body 20

in Wakshing Btthé PnsdeapetheCahttadfon bf angl idvestidi, Bhé BadR thctive

- anode 22 are spirally wound with a separator 23 in
mabariahvieonr inchidtw the Hategeing anede dclive matéral o dpeeraffodament of the

BB LY el Lo et The Rl on S ik Poer s

b e i - & bshofth 358 1Pimproved
s Mobs GO <R B3Rk} b OB g
Mdah@hitat thersho@@rchide niatddail rag@h isNébld ad is8@irdlaat &rdptiate void.
and 13 is respectively arranged perpendicular to the -
Thergforalin yhomssnehererthpiremdy if a‘@g feroart Hlegtropkrmisgidesic yuch as the
ba%‘eﬁga glg:eﬁ‘g)toéiﬁ%?l& gp t%% ili/%a i(%g%%gt g\{l v(\:ilt egn € gét\rl\(ﬁﬁre], t}ur:] glectroiyte is
sufficiently permeated into the anode active material layer, and superior charge and
discharge characteristics are exercised. - '
According to the method of manufacturing an anode of the embodiment of the
invention, the anode active material layer having a high volume density and a high
discharge capacity is able to be easily formed without damaging the anode current
collector.

Other and further embodiments, features and advantages of the invention will

appear more fully from the following description.



At the open end of the battery can 11, a battery

cover 14, and a safety valve nechanism 15 and a PTC

(Positive Tenperature Coefficient) device 16 provided

inside the battery cover 14 are attached by being

caul ked with a gasket 17. Imside of the battery can

11 is thereby hernetically sealed. The battery cover

14 is made of, for exanple, a material simlar to
BRIEFRREHFRIPHIODRY dHE PRAWINGShe safety val ve

mechanism 15 is electrically connected to the battery

covéig. 14 isviat hrashescéik@atl evdve el lifirdting betsweetnre bf & Hfiest battery

internal pressure of the battery becones a certain
accdréiviglto & eBSEmpHt dfithefmahti@hort circuit, external

heating or the like, a disk plate 15A flips to cut

t he ri pasEt \ :

14 ggédqfﬁseé gc%% SFS gslgl y V\Dlygé(}v (tei ect fﬁg%tgﬁgeg%é%%@{%gnﬁé spirally
wou%& %@ﬁ‘g&e%o I){rillz ?ﬁesﬁrs‘g Qa%tePTﬁ:lugEe\l/ﬂe? f Fllg i;l mts a current

y I'ncreasing e resi St'ance val ue to ’prevent

abnarmg] . heat generation by a | arge current. The

gasEtgcn%l’?G & %ﬂ@&%ﬁ)ﬁmpﬁﬂygﬁﬁm Hhustggmg g §iry¢tifrg of a second

material and its surface is coated with asphalt.
batigry pceording te the gmhedinagnt pf ghednvensiopnserted in the

center of the spirally wound el ectrode body 20. A

cat Fgrld it earbs? Scamads va¢w dll untiatinge dbdturerialtdnenlbrigdéne B/-IV of

connected to the cathode 21 of the spirally wound

the spirally vodad blesyo®bodillatdel ihgad 326 nade of 9 ni ckel

or the like is connected to the anode 22. The cat hode

| caghi2% ISa RUESobEdHal XidP HRiaAls LR &iiBAPLATY the spirally

cover 14 by being welded to the s ty v

' 15....The. anode | ead 26 is wel ded and
Woug?égsﬂ%ﬁqu 1@%%%’%%%%%%?%-6‘% he battery can 11.
Fig,.2 jl.lustrates an enlarged part of the spirally
Rif” o dnr iges Bertipnalo Ve quvyseiiog 4 Airystge 4t amihisd batiery
cat hode 21 has, for exanple, a structure in which a
accopding drithe gabiodianera péthednvangiparatgi B i s provi ded on the
both faces of a cathode current collector 21A Though
not Fid. |7ust a atoss sedtivaalc aicholisaatingve stradterel @il a ltesy eell used in
21B may be provided on only a single face of the
exarGpleh 6f@e eitiehii. col | ector 21A. The cat hode current
coll ector 21A is made of, for exanple, a neta
material such as al um num nickel, and stainless. The
cat hode current collector 21Ais, for exanple, in a
S 504 , . cat hode
oeBFED. ShaalPhion B ofs iiadndi evmonndd i oo
active material, one or nore_cathode materials. . L
capaf EnRimeRteoh &ﬁgn&%wéwag% hEGmefteh ferehed i detail with
el ectrode reactant. As such a cathode material,
refefepee @xBaptasings. | i t hi um oxi de, a lithiumsulfide, an
interlayer conmpound containing lithium or a
First batletyum cont ai ni ng conpound such as a lithium
phosphat e conpound is appropriate. Two or nore
t heFRofl ilMastraRe &6k LYo kiHiGureTeCieddldiry BartPMRE®¥ding 1o
oxi de containing lithiumand a transition netal

an egirlegﬁﬁﬁgnt QF 1t iBO&ﬁBH?“ §hé %Eﬂngﬁ?gi iﬁpéﬁaﬂwér %bglllljleﬂ\an ?}dﬂ@econdazy

a transition netal ele i's prefe

artigul.anr, as.a transi.tion netal elenent, a,conmpound.

e b it e P908 25" ShEREL Ve SRR NeDBRG f ecttion and

consi sting of cobalt (Co), nickel, manganese (M),
em‘i‘?‘@ﬁ,"ﬂiﬂﬂ‘h‘?ﬁﬁﬁﬁl clegads BAYEN) . and titanium (Ti) is

preferable. The chem cal formula thereof is expressed

by, for exanple, LixMQ2 or LiyMIPO. In the

formula, M and MB represent one or nore transition

netal elenents. Values of x and y vary according 10



to charge and di scharge states of the battery, and
are generally in the range of 0.05<x<1.1 0 and O
05<y<1. 10. The specific exanples of the.
conpl ex oxide containing lithiumand a transition
netal el enent include, a ligthiumcobalt conplex oxide
(Li xCo02), a lithiumnickel conplex oxide (LixN 02),
a lithiumnickel -cobalt conplex oxide (LixN 0_z)Coz02
a | Thasenondary Kesttietoisad so-aeliraridibderypp bestersx anfenas a spirally
(LixNi (J,_,)Co"Mh,,02 (v+w<l)), lithium manganese
wouod eiEkexdeobodye2havwhigh a spp-sbhdpetiyathodt Piiahd rasstrip-shaped anode
(Li Mh1204) and the |ike. The specific exanple of the

22 af@aalaheusd RO dp&ant 8k it Bewebd Bisii®aa0a8ted can 11 in the shape
transition netal elenent includes, for exanple,

of 31:1 %}%pﬁbﬂﬂi’a!tcrlfﬂolmé Mt C’ﬁﬁ@ﬁ#f&?y kddd ﬁeiggﬁ%ie of for example, iron

I Um |1 ron- nenganese phosphate conpou

(Li.Eei. OMi,, (M<I and the like... . Th
FoaREhy AP (G 8P e € astoses s piger end
l'ithiumfuyrther includes other netal. conpouynd or. a
of ths hatfergicap 4 hpbopsmed x side dee battegy rar Hnapair of rsybting plates 12
i ncl ude an oxide such as titanium oxide, vanadi um
and @3 iigleespentict chypartrnges eethensiculer tafy Wirdlly yiduind @egpledry dace so
titaniumdisul fide and nol ybdenum di sul fi de. Exanpl es
that dfe d¢pivellp otound reletmope bodly ROdt saelwicheddrikianethe insulating plates
pol yt hi ophene and the I|ike. The cat hode active
12 ah@terial layer 21B may contain an electrica
conductor or a binder if necessary. The electrica

SO S SR Tt e
o735 B PP er kU B AR i

terial, a netal material, a conductive EolynEr .
the Bafler cavergit aReattarhed Bapeme crudeed wih aogaskels! 4 ndnside of the
- materi al has el ectrical conductivity. Exanples of the
battgsy peerl liindherdey hemyatichlét isealedibbBre baihy asvast i isrmeade of, for
but adi ene rubber, fluorinated rubber, and ethyl ene
examplopy areiallsietiler twuthheof thobateryadayirter Mhe eifedl vaduchedmnism
pol yvi nyl i dene fluoride. One thereof is used singly,

15 i9EleétiBalBf cIb&ed REMR Wattddyonee 4 RYthth& PYCCdevide 16 in between.
The anode 22 has, for exanple, a structure in which

o R 6 A e U SRR TR o
. i : i . [ 22B .
cre BN RSB K5 Bl 45 Recion

current, collector 22A. The anqgde current coll ector
betweon the haliery, soYy Ihaedobe smwmlizxuayde clegtrogsy hpdy 20.  When
mat eri al having favorabl e el ectrochem cal stability,
tempfegaforeaiies th¢ 8¢Cr dayicsoridiimits vicuyrentandintwasing Bleeresistance value
mechani cal strength. The netal material includes, for
to pexaitabeorned hpargenatadke by adbregtairiehes Shsteaslitet 17 4s made of, for
particul ar, copper having superior electric
exa:ﬁﬁl@,cﬁﬂﬁhétﬂéﬁr% théteREISA AR S ace B @oARD dRthGUpHANT o
collector 2ZAis, for exanple, in a state of a foil,
an I : . T e.:actl erl-
I ayggr}r %’%@11%?’9$té’?‘§%ﬁ § 2a43 ISaﬁ)\(?’% umgh g}%néseiLll 9 O?ﬁil‘f &!ﬂy wound
ange from1l.5 nB3 2..26 cni, h incl.usive.
ciecf iy Al Apandiaing £t o G tund AL s dhe HES in/Bmected
materi al | ayer 22B and the conposition ratio of the
io thgwpledall €b ity fyoung glsgode bpdre2Grat Ak prgde) iggdat6 made of
22B are constant, by increasing the volune density of
the anode active material |ayer 22B, the filling
anount of the anode active material is able to be
i ncreased, and the capacity is able to be increased.
Further, in this case, since an void inside the anode
active material |ayer 22B is appropriately decreased,
contact characteristics between each spherocrystal




12 The anode active material |ayer 22B contains
as an anode active material, an anode materi al
capabl e of inserting and extracting |lithiumas an
el ectrode reactant. The anode active material |ayer
22B may contain, for exanpl9%, an electrical conductor
and a binder simlar to those of the cathode active
~_material layer 21B if necessary. Such an_ anaqde .
nickplptethiedike; 1§ qoppeaier 19 8in 196e 8s o pRa sathgds deadi & 18 clectrically
spherul e provided therein with a fine pore. Since the
conmpeedph dsebafteaplbve Kipbe beihg Wdded: tocthe isafetyhealyd mechanism 15.
pore, the ratio of the outer surface area to the
The afidderi€ads2d fsanddal d dlstridally comastpdeas thabdteey canrige
from10%to 50% both inclusive. Such a nesophase
gr aphy t2i15RAGEY |8 dAsesd PRI dieihe COMRIESAIRA QEQRMe body 20
strength than that of "thée existing nmesophase graphite
ﬂlus%rggﬁ iHlF?o q‘?‘\”ﬁg cr;lﬁlofdé § RO for oldble! 5 sﬁﬁ&&e%ﬁﬁg&?§ Cathode
grap p C ed so

I.
hitespherdle 1s able to be ressi on- no

actusiableg e Ha b PIORER orstramed) g B > efibly Pl cBllctor
press pressure than that of the existing nesophase )
21Agr dpprgtenetpiastried, the, cprhedy aqivarmateral 1a¥E Jiaay be provided
graphite spherule in which the ratio of the outer
on eniy faasmghr fmetof threcahmder cursant faadlectar @dAi s Tha ¢abiwde current
range from15%to 27% both inclusive is able to be
coll &BeT 1S Bi aadd el detkxampld)atméthembrtiebaich Gs piwhiatabhiekel, and
vol unme density is obtained by a still snmaller press
staiflRS SHHE cathH& SR coldcifi® 1R, RRQLEMBIR! investiR ¥ B11, a net,
ayer 22B contains the foregoing nesophase graphite
Orazggerule as an anode active material, the anode
ive material |ayer 22B has an appropriate void to

bec a lithiumdiffusion h and has a high . .
e dBF gt ot atcatit 1 BFproabting Soa Gnfiodhactysmpterial
surface area of the nmesophase graphite spherule are
one gest B1oRG fetholy Tpaterials ngamablai of SeRingoawt sKirepiing lithium as an
nmeasur enent and as plot analysis. The nitrogen
elecabdorgattanin neasurenent is, as generally known,
performed to obtain an adsorption isothermand a
deso{spiuck @ daglibekdRdNafor eith@ie] a litteurdickédean dithiti@ sulfide, an
structure of a fine pore of a measurenent target
inteﬁﬁ}r&) | c%rﬂgﬁuﬁ&‘ QoREAGES RilPhm 285 9i{Mhi0h-cobBaiftink ' REPBusdk&kh as 2
t He measurenent target object and desorbing nitrogen
.fromthe nmeasure object e e :
it BB SRR B It abloBithie o RS osnipl[TRER s R bscd by
. and plied Chem stry), fine .pore.types of ..
mixfigas (. 1 SrgEe s outbe Bhiad R sdtosien metal cloment
mcro pore with a dianeter of 2 nmor |ess, a neso .
or pophosphaih eueioanet eetaifing HiwR #ask @ HiaesiBon dpgtal clement is
| ess, and a macro pore with a dianeter of 50 nm or
prefamibie. ada paxdicnlr.tas a thensBionendtali cderperey a spmpdund containifiat least
adsor ption isotherm obtained by the nitrogen
oncXRROIAL@N tHE asdifee®Ristihg ofRabalZ &Ch)byicksl, Agknkhes@sMn), iron,
pl ot anal ysis as shown in "Latest carbon materia
- [ . h : j rt ;
eho R, TR (CFOR SS9, S prePeahe | e Khemical formula
Soci ety of Japan, Sipec .Cq. or il 00
tner s Siobreis o B B IRl Ghon B aR e, MI and
carbons,” P.J.M Carrot, A. Rober&éﬁ aq? KS W g
MIlgeprgsenEaps Shnoss U Esgipp meigoelgmentyn o Valjgs O highdony ity gocording
surface area and the outer surface area of the
nmesophase graphite spherul e as the neasurenent target
sanple are able to be precisely determ ned. The
entire surface area determ ned by the as pl ot
anal ysis represents the total sum of the interna
fine pore surface area and the outer surface area in
t he nmesophase graphite spherule. The outer surface



14 that is, nmeso pore and nmacro pore, to the entire
surface area in the nesophase graphite spherule is
abl e to be represented. In the nesophase
graphite spherule, a specific surface area determ ned
by BET net hod based on nitiogen absorption
measurenent is desirably in the range fromO0.1 n2/g
to 5 nk/g, both inclusive, and is particularly
to chagprapsl (asehargh staten gb the dmtierys and/ get gengradlyngyy ghe range of
both inclusive. In the case where the specific
0.05surt.4¢ end.655y<.B).0 nR/ g or less, in the tine of
charge and di scharge, the mesophase graphite spherul e
i s Thabperificaixampid oFnhd bensie deide wornigitingCithl @ hed a Zadsition
with a binder attached to the surface thereof in

metf) SLNRER inBREe DAL kBI-COMAELRPIR Ld:G: BUCH0BS),. & lithium-nickel
di scharge capacity are favorably exercised. FEurther,

ol BRSO £ 6 LACH SRRt L L. 81 8000

At hou 0 ing interlayer insertjion_.reactiyvjty of
a TGOt BRaSeBlexpAtas LpRlpumGoMands (vrw<),
__Further, in the nesophase graphite spherule, to .
lithiggnanganess cepelaftadeshpinge spind dynestivgare gadpoDmggnd the like.
gi ven range, the nedi an dianeter (D50) by |aser
The dpédifia ckample pdrthe phesphaecaniunid ontaonngrbtlenmi and a transition
desirably in the range from5 lamto 50 mn, both
metd! &t MBeluddd, BT &xaeiplar lithivne ireB Phasphdicasmhsund DB ePO,), a
is preferably in the range from10 rimto 35 4m both
lithipRGER % BeandSi P shibee SRRGHHIGLEY, RSP @ (§a1 egm!i B8 like.

foregoi ng” gi veén range i s nore easily obtai
Fur r ' . hj | €4l
ot T sy ngigb PRI RE Bl i RRERe kil furtner
. .calcul ated py X-ray wide angle diffraction thad js
incllis Al poh LoRaomth e S RO SHBOTn ESRaPEs S othey meul
both inclusive, in particular, in the range from
compowgbipchie 12 @xidaeechneg tilgatum ionideyyinadiung gyidehand manganese
crystallite size Lc in the Caxis direction is
“dioxides | arablay dBDHinlm enchoase fitannp adisilfidd aand b@@ypdenom  disulfide.
nore. The lattice spacing d002 and the crystallite

ExafipFe$ o thel polii& denfbousid icheRipodandine, sidylidphedand @éE like.

15 exanple, as follows. That is, a mxture in which

aboty, 2Bh¥EIA%e M AL et Y1 BihdCORM R U BlechR aPdiRdctor or a
to the nmesophase graphit'e spherdle 1s filled in a

. sampl L1, {Efr ' .ne.ls ohtai b .

bindBE PG ofy HskbiSAEMURYol A Gt ESlgeY sirbon, gaterial
a radi ation, source, a r hat. has been changed

Such 1, GO CHPON RIS PR B D125k e SPSFH G RO BELY: 0o or
using a certain X-ray diffracting device (for )

more (g are REedpomixureay Ferthes ab@dcgtgoru@\ﬁh@ earbpn Rpgierial, a metal
Corporation), and thereby determning the lattice

matepaci agddOveapudyhbremateyist @l the fike siaydelised, rastidry £-thx nmterial
direction fromthe diffraction |ine based on JSPS

has eldaRiRAl e%ﬁﬁbﬁivitﬁrf OExhigleRlo0 i biaferahci®gd £Re@hetidMibber such as
Mor eover, in the nesophase graphite spherule, ranman

; . Li ru e
sm%%m%%@gﬁ%i ALGHhttPRIDHES 8hd ki ihne 28y ieCfedd Ribber, or a

tIon expression:
polymer material such as polyvinylidene fluoride. One thereof is used singly, or two

or more thereof are used by mixture.



0. 05<B/ A<0.2 where Ais an intensity of a peak
observed in the range from 1570 cm to 1620 cm 1
both inclusive, and Bis an intensity of a peak
observed in the range from 1350 cm1 to 1370 cm1,

bot h i ncl usi ve. The naman spectrumis neasured
by putting the nesophase graphite spherule on a gl ass
cell, and using a raman spectroneter (for exanple,

Rarrdhs @opde 34 haRpiprSryavgplevi & sirudiae i evhath ax grwdeiaghive material
| aser light with a wavel ength A. of 514.5 nrn.

laycY\B2R 14 revidesd op iasenth faek of én sphiercutrenthvaliedtte22A.  Though not
foregoing structure, a high volune density and

illudtrawar B laBode {98 nffGiall iHehaP R e RMAGHESd & bA§ adible face of
nore easily realized. The separator 23

the SRRBLAER b1 GALR0denE oM O c@i{l&gﬁ Qéo%iiﬁ BEG4BIY Rade of,

current short circuit ue to contac

el ect.rodes nd. passes.|lithi umions he .s r.ator .23
for Exdifbles anetef B BRL YV ine TVt S mochtfniGt “RAS! civorab
synthetic.resin_such as pol ytetrafl uoroethyl ene, .
elech sapdpgiEnnd xerapls peshgpicahgrength. 5 The maiial materigl includes,
made of an 16 inorganic material such as a ceranmc
for pxpmmiseropotronickelTios staiplgssastorl. 23 payichlay ecoppert haying) seperior
in which two or nore of the foregoing porous filns
elecaicecdndyaiviig is Heéahble] v The heodeanmigst ddlleoonBle inffor example, in
pol yolefmis preferable, since such a filmhas a

a stat&I DS Fl a 8BObt a it CUI t preventive effect and is able
to inprove battery safety by shutdown effect. In

par kg %Qéﬁ ﬁ&R)eyrgBE}ﬁ%Lg%E%’%zﬂ Tp%i%%agg{ %sf‘% VBIHRY GLAAY in the

conposi ng t he sSepara si‘nce yl ene

rovi des, shutdo effeet. in.the.range from 100 d C
reng (R TeGol. TOch ¥ b inciirnad G sepr giere Y dickness
el ectrochem cal stability. Further, polypropylene is i
of the aody ety praterial rlaﬁfadﬁli% ofid He cqmppsiipncrdigi elfthe material
stability is secured, a resin formed by
compogiog yireeariogt agtivr mplegiatilaygr WRB hrgainpenhplyenaecaning the volume
pol ypr opyl ene may be used. The t hi ckness of
dengiyeoSiap anadictixd matepslchesalidB, the kg mnge of teemeddlie active
pmto 50 gm both inclusive. If the thickness of the

mat&eNaE ableto 23 th&rehrdehnd thePfBpaSiROIstatfd LM inchB¥ed€ Further, in
generated. Meanwhile, if the thickness of the

. r r . | i . i . .

this 08 M ar o2 SRE MO el oL QU Haa gy 02 is appropriately
effi,ci enc be gener at ed. The, apeyt.ur

dectqyefly cqifaq BASGIRTS S HeWerh tach spharpensial BIPRIECT sylsiance of
from30%to 70%_both inclusive. If the aperture )

mespphasy spherike dgﬁ@ﬁh@(}itl@q«% Aberemafiggy é@feg@y%to jagnmesophase graphite
perneability may be | owered. Meanwhile, if the

spherple) t ance impioived. ofthe heedapar@nductZBy e xc éegpsoveddq artdhdhe  load
strength is lowered, and thus insulative function is

chardeterged  ar@ fisle 3hdE impidvedi t Hemevee ifganebRbRMdensity of the anode

active material layer 22B 1is excessively increased, the void is decreased and
permeability of the electrolytic solution is lowered. Thus, to secure a diffusion path of
lithium and prevent lowering of the charge and discharge characteristics, the volume

density 1s desirably 2.26 g/cm3 or less.



An el ectrolytic solution is inpregnated in the
separator 23. The electrolytic solution contains, for
exanpl e, a solvent and an electrolyte salt dissolved
in the sol vent. Exanpl e of the sol vent
i ncl udes an anbient tenperature nolten salt such as
et hyl ene carbonate, prapylene carbonate, butyl ene
carbonate, vinylene carbonate, dinmethyl carbonate,
di el hg Anedsrassinameaterial figyer ReBrepntaing foameeode aptive material, an
4-fl uoro-1, 3-di oxol ane- 2-one, y-butyrol actone,

anodg- mategiab kgmblnef idse@ingi aret boixactinh ditbium as an electrode reactant.
t et rahydr of uran, 2-nethyltetrahydrofuran,

The InddeCiciv® ntui@ial 4ayee LDBImaylcéhtath Ofoe leam@ple @4 Blgtirical conductor
acetate, nmethyl propionate, ethyl propionate,

and 26RAENifnith! & théleWrMO i dde! B1ivARLRADI ltafférl AB if necessary.
net hoxyacetonitrile, 3 -nethoxypropionitrile,
N, ' hyl f.or -de; hyl pyr.rol i di none, -

N et ED o af ARG s N RO M s OtaRy imppie spberule
pI‘OVfSCFfBlﬂféglf@{I]le%fhg éﬁrg%cl?re 2;” Hygé hlgeelglaﬁt;(%} n%f gr%ﬁg%hs%igrmlet l?és therein
bi strifluoronethyl sul fonylimdetrinethyl hexyl anrmoni um
the fineqyose;ithe fajio of thpyuersusfaehysaiethe spdis surhec @eg holvaerample,

vi nyl ene carbonate, 4-fluoro-1,3 -dioxol ane-2-one,
in theti naeg e rome Hi%toan 084, bt phchmetcdhy ISuch mbopsipbaseqaraphite spherule
ethylene sulfite is preferable, since superior charge
has @B8ghallé reRicnapest kyerefiafiRettBat &ftthe exiafith FleRQhbeY graphite
charge and di scharge cycle characteristics are
e b; I e i.ned. : :
sphefif1E HE0M 3R ﬁ?éy ?01%. TRAGL N mERBR AL gtrgﬁﬂjn%;gpggmesls I to be

e used sing or a plurality thereo use

i X1 . th l.ect r ol I for i I
comPrefithonstzan BeT B Er e e s (| 50 5l o bl ng 2.26
o) SRS S ATRGRL S § CHelgR e DRt (BT TR cxising

hexafi uor oarsenate (Li ASF6,), lithium ] ] ]
mesopiesa glapbitotbheatie (In mragulan therpefgphase graphite spherule in which
trifluoronmethanesul fonate (Li SOBCF3), lithiumbis(tri

the rhtio of theedtherrsasfiabd arey td Jhengndize flrifdcE€RBEB0R 2 Nje, rahged fromnh5% to
tris(trifluoromethanesul fonyl)nmethyl (Li C(SO2CF3)3),

27%J, bbihl MBSkt 6f hisle 16 bk EhbmphdstidhnidIBEDR Bt (Hel Bfdgoing preferable
['ithiumtetraphenyl borate (LiB(C6115)4), |ithium

IRl JRARESH! o, -4l BRORY prdst bRIUE:. ince the anod
Ve trf%?ugfoﬁ%t ane uI#onate Efsck3§03), T??ﬁ?ﬁ%fﬂwe © anode
.bis(rrifluor t hanesul.f onyl ) i M de i N( SQRCE3) 2
activh Fleti 1S v Mep bt PR Rttt B gl s o
exafluorosilicate (LiSiF6), Ijthium ) .
anocp?i 99yE e athe TR dE @S @P’@(@I Ia,yerom ibph A pppropriate void to
bi soxal ateborate (LiBOB) is included. Specially,
becomepFBthiwn diffisimapatle et hasta igh eanacbl e to be i nproved.
One of the electrolyte salts may be used singly, or a
pl uiTht iehtrret dnefaco braaeandbibe wient doyfacd xdearod thel hesophase graphite
el ectrolyte salt is dissolved in the foregoing

sphes@lk W@H deRtmhe drafin® Rittddeh RBsIrBAGE nick@Aenk and os plot
P nol /drn3 to B.SEﬁ%?fdnB, bof% i nclusive, preferably P

anatbdls.t Ny fﬁﬁ%@erf 5195'5}19@% HRL Aot %5, b %eH&Ja_IIWi Qﬁowﬁ’,%e?formed to

ncl usi ve.

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

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



The secondary battery may be manufactured, for

exanpl e, as foll ows. First, a cathode active

material, an electrical conductor, and a binder are

m xed to prepare a cathode m xture, which is

di spersed in a solvent suchsas N-nethyl-2-pyrrolidone

to obtain paste cathode m xture slurry. Subsequently,

t he cathode current collector 21A is coated with the
nitreggnhitde thex gagursingntr iargeincbbidee sml \deserbing ditregdn from the

After that, the resultant is conpression-nolded by a
measWrEhenOtatdce 5Bjetpatemperatird 827 TK K e Abcorfi@e o TUPA Caltiegetional

active material |ayer 21B. Accordingly, the cathode

Unigd of BudeQRBAppifdhSieMiSisy). HRE pbR! fipdeorattdsiRnlft 8fddkamples
layer 21B may be forned by bondi hg the cathode

e B SRR AP L5 B3 g, g i s
N RN S MR ———

to obtain paste angde m xture slurry. Subsequently,
or MORRAGEREHRE K the sive (dBMEEESIER)- 22A is coated with the
anode m xture slurry, and the solvent is dried. After
t hatlhe tadeorpgem lisoshermi abtainer bg gb¢ artrageh dbsbritjorameasurement is
rolling press machine or the like to formthe anode
analgedd euding el ol plbtayelysid 2B showh RatT4the carbbi fidtediaNsteyimental
is in the range from1.50 g/cnB to 2.26 g/cnB, both
techh@l%F‘}" quﬁ%icaﬁ\‘:%%f)&'tﬁ ahy mitB8a12BRAGRA 1 3sibR)MRBited by Carbon
NexT, The cathode

ead 25 If attached to Fhe cat hode
SRR OEEL ! o o bl e b
2 . e ’
non TN erbons abd NireamiibdesoBobe. ap Fos I, St 47 G987,

t he separator 23 in between. An end of the cathode
59-48 a d hembys thiedngiee) surbace tisca a1 ghef euier yrafage arpacahe gegsophase
15, and an end of the anode lead 26 is welded to the
grayfhite selreyulean thielmedSneenspi tangdt pamplerade alede holkepr2disépdeteheined.
spirally wound anode 22 are sandw ched between the
pai Mhefentiftsstrick Agaplctir@Sncli?b Rt dsdplofathaaicpadads it total
the battery can 11. After the cathode 21 and the
sumPGYOHE iérr@dl Ein€ PBkAhREE: hRalHd BALLRE ¥ulGRR abda inl A€ mesophase

el ectrolytic solution is injected into the battery
d impr i.n.t 2pal [ 2 Af ter
exoifR sttty 1B CBRP I B ua QSerERAEY 8L o Bl s reprosens
bat.tery cover. 14  the safety valve nechanism 15, an
the B TReH RS BY e % SRS Yo% Rl K BECT RS LFm the
gasket 17. The secondary battery illustrated in Fig.
foregoipg enfes augface @igs &ag ds, Tepresenty Hetthil sesordhg yurface area of a
battery, when charged, for exanple, lithiumions are
meseyora theshirfaco mrdahe ccabdrogeracinidvibe nateeiaada diayfat Adid of the
~and inserted in the anode active material |ayer 22B
mesbp{z0¢ gfaplie: %FE&H&O' Vidwees| i ItBO.caiel GeSHBIMas graphite
for exanple, lithiumions are extracted fromthe
sph@RAG - AGthYEa R b HeFlat hBXESs g’ﬁl%m@f Emhl'ib?%atnhelﬂe ik fidd€reas of
cat hode active material |ayer 21B through the
l.ec LyE1.C 1on ...ln this enbodi nent, the
the %ﬁ%dﬁec{rgg%{ (|!1 \lt/hee ' lﬁ%{rg&)?%r aI|1dnth%1 he Igﬁ%rggleact ive materi al
| ayer 22B contajns the sophase graphite spherul e
| havﬁxggfitﬁ@n% g rato Shés R e gy eﬁe%%ﬂ&s@?tgﬁ surface area
break strength is decreased. Thus, the volunme density
desqriped pbpea thedraig of tiesreaes waa Abihgifing pordsethes than therpuere pore,
of the active material contained in the battery is
i ncreased, and thereby the capacity is able to be
i mproved. At this tinme, even with a | ower press
pressure, the volune density of the anode active
material |ayer 22B is able to be increased. Thus, in
the stage of form ng the anode 22, an excessive



20 conpression strength is not sufficiently
decreased, and there is a possibility to generate a
dent, a crack, an opening, or a fracture in the anode
current collector 22A. However, in this enbodi nent,
the foregoing ratio is 10%er nore, and thus there is
no possibility as above. Further, in this
enbodi ment, even in the case where the vol une density
thatijis; mesemessadl ycroqopes.ds shaoentire Isdifang, artdis thy presppliase graphite
void is fornmed in the anode active material |ayer
spha?idB.is ABiei o bearehicstitedn di ffusi on path is able to be
sufficiently secured in the anode active nateri al

| ay ek 1R3Reso SRk %Fﬁh&'ﬁl@r g8paik HirSBeH el Aetermined I}})y BET

characteris |cs are able to be obtai ned. Further,

metfiQPbEEd ) %geh%s%ﬁat{%'ﬂﬁ&@zfsh&t’rﬂ}&l‘t i desth % ¢ r?ﬁ?e from 0.1

I mprove I'mprrove on con t'i Vi

the i Apr ont act , charac of the f|

e RO G 81 R Sy G 1 ey 0 e o
yter surface area to the entire surface area in the

2.0 We@ob‘?fhé@l‘gﬁﬂéﬁphllﬂ shesgrse Ml thy spasific Sotige Ra 153,P ma dgor less,

‘ area originated fromthe neso pore and the macro pore

in thpetmees chagessd discharpathe meaophast araphitgyspieront & wbly retained
break and deformation of the nmesophase graphite

on GBhebid euirkgeddlicetor 2 AxniBSS biteley attaohdd tthube shi€ace thereof in
.conpression break strength becones extrenely |low. As

bet\?e et Battehy LHRIRES 150! HichYs aJiRhSES cﬁ{a@ﬁf' HFGQ‘a@d}Qﬂ)I&%Qermsed.

he anode active naterial layer 2ZB becomes eaSily

Fuxt%@re \I’ & sé&%c]\! %: %a%fet?; o I]SZ/ é uf In%? 41\%}(%’1 B%te?{g ?IE%]SSEI‘ISUCS

and 0 Secur |C|en
ffu in thls enbodl t, th
are Shipigy ‘3‘8’39?"8“13% TeRUASSF MSEION TEACH VTR O SR &0 fhg mgsophase
pOSS|b|I|ty as above. Second battery Fig. 3

graphpie spheralees an expl oded perspective structure of a
second battery. In the battery, a spirally wound
el eurtbereirbthd ymSOphase \whaphite apoatisotbeseberadhdpeaiftt snface area
anode |l ead 32 are attached is contained in a film

in fRAKa@manEEefandd). thd irdhatdianstesUypciyuasr d2iratisvdghrticle size
the fil mpackage nenber 40 is called |lam nated film

dlsﬂﬂ‘@tﬁm meter is dgﬁ%bﬁﬂfnhﬁgeraﬁ,ﬁ?ﬂogﬂ]ﬁ ﬂgtJ ke gﬁlﬂocgﬁh h&akive. In

for exarrp e, respectlve Yy derive n the sane

ectiqn fro th ka
Pﬂ%&% b - e e f‘Eﬁ 36 e BAGHHIF IR P BGEEH6 wom 10 35
l. e eri such .as alunlnun1 and the .
bot, Vb e 3bs Spate SB%acer B2 dR i I {RrCegnggiyn range is more
mat eri al such as copper, nickel, and stainless. The
easileelfeioed.ve netal materials conposing the cathode |ead
31 and the anode lead 32 are in the shape of a thin
pl atFarthermyes,hn the mesophiibeganitkaghereyitier latieispacimg ooy 1n the
of a rectangul ar alum num lam nated filmin which,
C-ak@rdirRsasPtaculatedyOR-rhi Mite aficlaldififiabivh meibod iﬁﬁésif:hbly in the
pol yet hyl ene fil mare bonded together in this order.

ran%g‘ Bﬂle%@?.‘;éi( aee1BABes 1A bokiP Enc@dwg’ L galttllaﬁlar in the range from

ene filmand the spirall nd el éctrode

dy 3 0S ch .respect
03 3 ﬁdgééﬁﬁrn%n %ﬁ%’%‘ameﬁ%vsbgéé;ﬁ ¢ SRR e S HCERaH ﬂhgec-wﬂs
baondi.n dheS|ve Adhesi ve f|| 41 to prot
direciiginie %F’Eb S s iget, i DA @lpin P UHE BTN Nelatice
package nenber 40 and the cathode | ead 31 and the
spacing dod addthg cryStaldite givesia dn fthe fh-zgis | Gregere agf dgtermined, for
mat eri al having contact characteristics to the
cat hode | ead 31 and the anode | ead 32, for exanple,
Is made of a polyolefin resin such as polyethyl ene,
pol ypropyl ene, nodified pol yethyl ene, and nodified
pol ypropyl ene.



The package nenber 40 may be nmade of a laminated film
havi ng other structure, a polyner film nmade of
pol ypropyl ene or the like, or a netal film instead -
of the foregoing 3-layer alumnumlamnated film
Fig. 4 illustrates a cross igectional structure taken
along line IV-1V of the spirally wound el ectrode body
30 illustrated in Fig. 3. In the spirally wound
exapiplec 23 GdlowsodYha0is, angatukotewBish ahoutal) wité @ hirh @ity silicon
| ayered with a separator 35 and an electrolyte 36 in
poviiet \ieexidah tie meapplizat | stapiiten ebhERge QUtRIAOEL a sample cell, a
periphery thereof is 22 protected by a protective
difft-RA6n Jifhe 15 BRMERI FIreftbclild H%%&Bﬁéteﬁ Iﬁ?etﬁédr%ﬁhfﬂhg Gise of, as a
spirally wound el éctrode body 30, the spirally wound
el. e ly.has .a fl at val ). cross .
rod FhEE LA RS CRR Aoy ol B Bt dfg Durt e Riig FRORT p eraphie
of the spirally wound e] ectrode body 30 illustrated
mo‘i“’r‘fh’f?.“b‘?"ef_g‘?y Pﬁngr?ec‘é%ﬁg’lé'é% ,g“éﬂ&%& HEYee 46X fi?‘émPEe» RIN2000
material |ayer 33B is provided on the both faces of a
X-reatibadng devisst ofcBigake trparponTied dbasdey daetmining e lattice
exanple, a structure simlar to that of the anode
spa¢ing de angk the crystatlig. side Lt mthe € axix ditection fioen the difftaction line
an anode active material |ayer 34B is provided on the

basdbdrISP&q Espan Kosierefoe Be: Rioflofivh of s&ibﬁ&P Qaw34A.
Structures of the cathode current collector 33A the

cat nagleowe ik Vi B dphhad & spRaf H}ﬁaxfgg) Ay 4 i
col | ector 34A, thecﬁglno e g%:iti%)e mft’ eria I'Q;ayerldglgf%?}gomon
t r .35 ar.e.respectively simlar to
lase? Ll steS o%ﬁ%? ﬁ% cggﬁ%n%eco%gﬁlroél nfixglggﬁl?%ct or 21A, the
ha active material |ayer 21 B, anode current
0'05%[/ é@?or 22A;, the anode active nmaterial |ayer 22B,
and the separator 23 in the foregoing first batltery. X
wheth & ig|ap dniendityt of BBeaksolssrvedl inde yaradiono 70 cm™ to 1620 cm”,
containing an electrolytic solution and a pol yner
boticimjysivagandis ooindensithef el reak pbieyeddcingbé tnige fronTh50 cm™ to
gel electrolyte is preferable, since a high ion

1376 ondubsth idhysiked or exanple, 1 nS/cmor nore at room
tenperature) is able to be thereby obtained, and

| i . .
eak@gafin therpat fs%%%ég?eggﬂl E%tpﬁ% gkr?repfﬂgg(gﬁ%/eo%raphne spherule

prevent ed. As ound,
X an. ether polynmer conpound ch._as
on %o@ )ggsjt Efllll’e%éf&}%ﬁ] eBaﬁ Ey csl% A Eﬁteﬁkifﬁr SRl papansHiepe of
lL.ene oxide, an ester. . polymer conpound such_as
M@@Wﬁ&gﬁgﬂ e &Fg%rf%i%sw i & eyl engtinb ahett 4. HRm.
a pol ymer of vinylidene fluoride such as '
pol Yy thie dagsorhpsgo eiagbite ngheruieopps| fheeforegbing siyidiatene high
fluoride and hexafl uoropropyl ene is included. One
volunive dewsity nayl frerorebél chimggl and disclargel dhahdtéysticheire ehiore easily

may be used by mxture. In particular, in terns of
realizeglox 23

The separator 23 separates the cathode 21 from the anode 22, prevents current
short circuit due to contact of both electrodes, and passes lithium ions. The separator
23 is made of for example, a porous film made of a synthetic resin such as

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



stability, the fluorinated polynmer conpound such as

the polynmer of vinylidene fluoride or the like is

preferably used. The additive anount of the polymer

conmpound in the electrolytic solution varies

according to conpatibilityjgherebetween, but is

preferably in the range from5 wt%to 50 wt% both

i nclusive. Further, in such a polyner conpound, for
inorgandnmiaterial sudlsade sematd aohwatert tiethnurihe rseparaiond@ may have a

nol ecul ar weight is in the range from5.0x105 to

strucfur@XiA Ofhieh th6 &r \Wedre Rif 1Ry RiTésfin PbRAM [fAs Wed ifkrellS Specially,
the range from 2. 1x105 to 3. 1x105, and the inherent

| N .
the HBGPRI Hrdd® of Boly A0 RRIEBIN dmd sl Oy Stior shor
. solution is.simlar . .to the conpositiop of th

cired B P STk B B € 1o PG O BRRers Rl by Wiop effger. in
However, the solvent in this case neans a_w de )

partichide pysthidrrigisngfefrErblo AP ¢ ATIRL eRIRPSE Bafepgator 23, since
al so a solvent having ion conductivity capable of

polygihgkne ipsevidey shivtdominegdtocbinythe rarget fromri8p depfeio J6f degel, both
case where the polynmer conpound having ion

inclwsbved mad ihes tsypdérior udedrochdreicpb kiphiity. ¢ digpihem ol yprepydame is also
i ncluded in the sol vent. | nstead of the

preféaBe! I o YWH@itidR, AioMdi &Nchehtcal @S8R ¥t deburS@| 4tk fbiSned by
hel d by the pol yner conpound, the electrolytic :

copGPiHER oF Fien B0 MBI 1ShClor pllvinbieRiREy LSO, o1
35. . The.seconda attery is .able to bhe
o B kst Of BE SRAlsY &3 ThyFittrabRoRtbeahge figmeL0 um to 50
types of manufacturing nethods. o In the first
wm, st mekisiie ndt Hhstthishness jof dhe sqpagateiathisgmden 1 gury, shogs gircuit
by form ng the cathode active material |ayer 338 on
mayt bee gowrited.aclsamdhiidhaf tet hodecssuelr tiatsepohior @8 qaxc@ala 50 um,
by a procedure simlar to that of the manufacturing
lowsraighod ioh pdrmelibilist abdtiberying Fofr bixesry tobamandfigedd sy be
formed by form ng the anode active material |ayer 34B
gen&fiefthe both faces of the anode current collector 34A
by a procedure simlar to that of the 24

mn%g%%%{r%%ﬁf@%?% &i)axﬁaﬂgro# [s.s}%refé?z{btl Y the range from 30% to

Subseé a precurso uti‘on contal ni ng an

l.ectr.ol.yt.ic sQlution, a pol r. conpound, . and or
T0% G AP, Bt PPl M RO 23 0 g 30%. don
anode 34 are coated wth the precursor solution, the
permeAbEy % by dpueier; z Meapwhiler i the @pgdire apise of dhs peparator 23
36. Subsequently, the cathode |lead 31 and the anode
excé¢eda 1032 therserength pelowevest, yndithua ehredhtive fudstion at deomged, and short
current collector 33A and the anode current coll ector
circBid AayeXglenertted. cat hode 33 and the anode 34 forned
- with the electrolyte 36 are |ayered with the

sepafAtREraitié RolRBENREAnfroRéRINIR Jepithioabed PR Ylectrolyti
After that,§?heolan1naté% %%%y i's spf?g?ly wound iﬁc olytic

: it adi [ ' - i
soldiif bR AF LR SN ing el BoBE A E S Yol 98810 e dtven:.

t he irally wound el ectrode body 30. Subsequentl

f or Tagn b i solvent pETUdsS Gy FOYRN oS RS AbBbigH,puch as

30 i s sandwi ched between 2 pieces of the fiIn1Package
ethylenep spdongle. PRRIENsd §aboraic.t HELIHEK sgEoRiHhEINgleny ggrponate,

contacted by thermal fusion bonding or the like to
dimethy] osecarbaagpi r allejhyhoundarbbeaie.r odetliybdy 8@thyAt t $rirkonaie,

time, the adhesive filnms 41 are inserted between the

cat hode | ead 31, the anode | ead 32 and the package

menber 40. Thereby, the secondary battery illustrated

in Fig. 3 to Fig. 5 is conpleted. In the

second manufacturing nethod, first, the cathode | ead

31 and the anode |lead 32 are respectively attached to

the cathode 33 and the anode 34. After that, the



25 contained in the pouch-Iike package nenber 40.
Subsequently, a conposition of nmatter for electrolyte
containing an electrolytic solution, a nononer as a
raw material for the polyner conpound, a
pol ymeri zation initiator, gnd if necessary other
materi al such as a polynerization inhibitor is
prepared, which is injected into the pouch-1ike '
4-flypacK dydiomelahel-ob0, yAfurevlattuat, vivaderolenns gl dfdimkthoxyethane,
package nmenber 40 is hernetically seal ed by thernal
tetrafhzﬁlioﬁﬁ‘aﬁ,o ndinfdh@tetrah@irbfitgn, Fi Balibblartehe 4@BBHET 3idoxolane,
thermal |y polynerized to obtain a polymer conpound.
er, t I 2 ol s r o it
et g P, PrER B S PRaisnt” Byl gluronile
.In. the third mapufacturing nethod. the Wy @l | '
ading i <P R Ry o P a R iptelE, 2EN RpleloyRititmide,
package nenber_ 40 in the sanme manner as that af the
Noried AT TP - e ol FoRe e Stotiag: plane.
separator 35 with the both faces coated with a
dimetbyly saoxiderp timethyls phewdatcAsiriete] gdloyphste, cahylenm gulfite, and
with which the separator 35 is coated, for exanple, a
bistifthgromiethybunifanyiimigetrinmeghylkendarhiinooninde as 8pecially,  ethylene
conponent, that is, a honopol yner, a copolyner, a
carbddhib] GREPAGRN cafRRSLY WBiyland daffnkick €4-8G6rol NEdutn@thne-2-one,
Specifically, polyvinylidene fluoride, a binary

dﬂ%@gglfc%ﬁat&o% | e VdaPdnafleng ét%lﬂgﬁé d@80% preferable, since

ropropyl ene "as a conponen a ternary
copol ynmer caontai ni ng vinylidene fluoride.. .
supiE gt i ROp e e SR B s PR e peimsand disghares
conmponent _and the _|ike are included, As pol ymer
cycle shpwgtrastisira therdy avle 1§ h%@%?gg o(i)PFg‘)prgF JRfypts may be used
~containing vinylidene fluoride as a conponent,
singhy) ot helurale tareofonay polsgdby neispeunds may be used.
Subsequently, an electrolytic solution is prepared
and Agjtiec tledirolpteo sdif) efop asdkagd:, nigththen  Raflvdirdsosphsad (LiPFe),
the opening of the package nmenmber 40 is sealed by
lithiuhe' BBpchidflOReMOnduFENANmide (TilEF;$0)AD] Vit perchlorate

resultant is heated while a weight Is appfied to the

i i e R g
. in. 26 T , - i "
ioGTES | DR oy oSS i

. and the polyner conpound is gelated to formthe .
bis(griuarerye suldonyABiiedi ngl y, t h&LEeER N bat t ery i Ethium
conpleted. In the third manufacturing nethod, the L
tris@mbidremethesesulandimethyls (€65 Grlet d)aip H‘gﬁ/@m chbnmisigr @dChH o lithium

the first manufacturing nethod. Further, in the third _
~ bro#fbdeu (BB r ithfhimrattaptheniihbosmoen ghiB(Cgls)a), lakuma tethiaabsulfonate

of the polynmer conpound, the solvent and the |ike
(Lidaishy, renmhiimi N WS ebRcthhatMiBnde Ccompar e@p}sm?,n lithium

t he sécond manufacturing nmethod, and the steps o
.4 i . €0 a | . .
i O b e TR TERSRO-EE R Lol PARR, S pimphionce
. obt.ai ned hetween the catho 33/t he ano 34/ 1 he
(hg@g@r atlgﬁhm% gﬁ’ﬁgﬁlﬁgo% 1684 oﬁ?gﬁ‘%& fhfo (gﬁﬁorpﬂ}éaﬁatebome

_secondary battery, in the sane manner as that of the. ,
(LiBFAQw)pat diskiym pispratetsberatss lapOhnseinchidegnopecially, LiPFe 1s

extracted between the cathode 33 and the anode 34.
preferadile, | sncewthereby Haghy éeh, corsluctxigyms eble|tpthei etaineth sardy the cycle

extracted fromthe cathode 33 and inserted in the

anode 34 through the electrolyte 36. Meanwhil e, when

di scharged, lithiumions are extracted fromthe anode
34, and inserted in the cathode 33 through the
el ectrol yte 36. Actions and effects of the

secondary battery and the nethod of manufacturing the
secondary battery are simlar to those of the



Fig. 6 illustrates an expl oded perspective structure

of a third battery. In the battery, a cathode 51 is

bonded to a package can 54 and an anode 52 is

contained in a package cup 55, the resultant is

| ayered with a separator 53gi npregnated with an

el ectrolytic solution in between, and the resultant

| am nat ed body is caul ked with a gasket 56. The
charbatetigicy astablictolreamysovg. t Omepd thcagj ectrodyte Sditsamay bhesed singly,

package cup 55 is 27 so-called coin type. The

or aGiriRgahérto@ty e UsEd BY Whiktird) ViHeCdledtrobat RO & @Sdohnd in the
‘material layer 51B is provided on a single face of a

fore%@h% QSR YUr £ € ﬁﬁﬂi&fﬁ%ﬁ: ?zi!@e haf0.4 Mo%m@l/ both

cture In an anode ctive naterlm

N R

cat hode current coll ector 51A e. cat hode actjve
mat A SJCONdarE patier s may e eﬁ%f@ctenﬁaff@ﬁ?xw lpctsigllowp a,
the anode active material |ayer 52B, and the
sep&irat o catBedepaaiveaspenal vetlpctsical doaduatey, embe bindér arkenixed
cat hode current collector 21A, the cathode active

to peperc & dalyele AdBrkhewhivhdds cdispenstéd cal | eckoiverB2Anch  as
the anode active material |ayer 22B, and the

N nﬁa@wq}y@roha&ld o tdbeaih OFREOLMHodd BiiktuRALRhRRY. Subsequently, the

In the secondary battery, in the same manner as that

t
cathBfie Ldifent LSI t&@i%eﬁ)éoaﬂeﬂtxﬂo i anﬁgﬁt%ﬂdén%ano e‘%gg'ﬁfé: solvent

extracted between the ca

s anglf b P BT ﬁfsﬁl%reéiwmo dsf # il e Fafhine o

the ]%ggde }51}‘21 éﬁe T Igcﬂtcggﬁ% PN ?43#%; hflﬁfno}%gqt;flggglggr the cathode 21 is
extracted fromthe anode 52 and inserted in the

forngegt hleriset the satilode lnetied meterio] layérc2 1dbmatyi berformed by bonding
Actions and effects of the coin-type secondary

the dagtidde myixandiotthe cabbdrochrednt nelivefcai ari ng t he coi n-type
secondary battery are simlar to those of the

f or ggAh@gthki fofdeoliat ERPbYite FXMIR! 8% a binder ad mxxed to prepare an
descrlptlon will be glven in detail of specifi

@e)ﬁﬁfm\:ﬁ%swﬁfchﬁ Ody &
ano mesopnase gr aﬂﬁsé e sp ear u Vgﬁli(n Vﬁ?&lﬂ{éﬂ@%b&)ﬁohd?n tﬁe()btam
pastg %}18 e Isnlilzgtflr%cs% & eaSubsequently, the anode current coliector 22A 1s coated

with the anode mixture slurry, and the solvent is dried. After that, the resultant is
compression-molded by a rolling press machine or the like to form the anode active
material layer 22B so that the volume density is in the range from 1.50 g/em® to 2.26
g/cm3, both inclusive. Accordingly, the anode 22 is formed.

Next, the cathode lead 25 is attached to the cathode current collector 21 A by
welding or the like, and the anode lead 26 is attached to the anode current coliector 22A
by welding or the like. After that, the cathode 21 and the anode 22 are spirally wound

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



28 to the entire surface area obtained by as pl ot
anal ysis of an adsorption isotherm by nitrogen
absor ption neasurenent was 16% the nedi an di aneter
(D50) by laser diffractive particle size distribution
nmeter was 30 pm and the specific area determ ned by
BET net hod based on nitrogen absorpti on nmeasurenent
was 1.6 n2/g was prepared. The nltrogen absor ption
safefysbisrraeahanismabd . pad £o cag of ty aaodajiepd 26 i welded © tha batiery can
absor ption equi pnent (OVNI SORP 100CX of Beckman
11. Cbhd srallyneoynd eatblodehzlr adalythierspiralits wophd amodeszit ersandwiched
t he nesophase graphite spherule at 77K was obt ai ned.

betvhigx tthe B&ir O §aduiAER SRt akNindgl 3, hadfehrRgrlng thesaRhasan 11. .
graphite spherule as an active material was forned.

Afte?ptﬁg'cfaﬁﬁ)ﬁuyl aﬁlﬁrﬁk  andde PR bR gﬁrét?ﬁléé 1ﬁf hﬁattery can 11, the

oregO|ng nesop ase graphite s 10 parts by’

vi nyl i e.flu r|de nder
cteePiy e S fin 1 LB s i e T Ra B! gaﬂleﬁeparator
yl - 2- pyrrolldon (NI ATP) as,_a sol vent to qbt
23. rrib‘%tghlt‘l@ t. gt g gpemend fe the BgfteRtancide Rechabier et gﬁ e Safety
copper foil being 12 pmthick was uniformy coated
valvgimeghatiem ox and thed iy dgvicankt aie fineed byrticns, camitked with the gasket
resul tant was conpression-nol ded so that the vol une
17. d&hssdcpndrae barery . iBGstatednB Fig Ifiotinrdy caatpiated. mat er i al
| ayer. After that, the current collector provided
Wit in ﬂm@%eétﬁfdhiéﬁbmbe rih chadpBl, fPSxapME NREluRond Ale@xBacted

pel |l et having a di ameter of 16 nmto obtain an

fro Itt?ecéa[ﬂ?&i%t%m@ lﬁgt@ﬂ?ldﬁg%' 308 9hd sﬁs%ﬂaf b YR SRlae rafgbe material

a er e area o current collector was

, Iayegg/r’lﬁn%%)@httggtele&l\%qﬁyt}c soallu Lhe \#]3 n gf i hefﬁiﬁ] eCt { Odﬁé Bhium

thlckness of 1,6 nm havi ng the structure |IIustrated
ions e prigacter fiem the pReds active mtereblyer a1l and fescrigd aydiegthode
el ectrode obtained as a pellet having a dianeter of
activsemptrioldsyard 8 theoughtteseleatdptia sdetio®l, the test
el ectrode 61 was contained in a package can 62, a
cou i this @hbedimede tixSansds atibrdeadetid ia tipambdg acttuepnbdrial laver
and the resultant was |ayered with a separator 65
228 éﬂiﬁﬁﬂ@ﬁi@eﬁewﬂh%s@gra@hﬁéﬂs%}iﬁrmélﬂ‘avﬁfg Ak IR hdie DRIMVBRILY the
and then-the 29 resultant |am nated body was caul ked

co Jsgioﬁ‘ &@ﬁé‘ﬁ}en%@x F@&eéﬁ ' 'f'hdsh Ghel G&Em‘él ﬁeﬁgl;t}ggselrﬁgeased by

n active nate ayer 1B contalnlng t regoi ng
nesa has hi.te spherul.e as _ an a feria
comF 0 PRI R aE PP AROGH I i B8 Rera SoBpingl b g dtery i
foil, and the active material _|ayer 61B was_ arranged
incregspdsanddhsteby the eangsifh ietdle febe PBE‘@VB% vk thig fige, even with a
separator 65 in between. In that case, lithiumneta
lowewepresssEessaEs, tivevaometdsnsitl elcthe ededesliva npdrigdtdypr @B 1s able
porous filmwas used as the separator 65, and a
to bg Ghatédsed CDinisaimibeGtaze o Xathiag iiveniodo AL aamexdtekyve stress is not
m xi ng et hyl ene carbonate (EC) and diethyl carbonate

aivdnDEChehndcV ShddR Edfeb@r 0D AL: ]Aéi:ﬂﬂ'iuk%l PHheftS i®Ro possibility to

electrolyte salt was used as an ele rolytic

gen 91\!@2% P‘g[g? 3 e kC %g%?@hﬁ@tg ffclifctulré GiM WMtress gﬁ:neratlon ongmated

ex ectrolytic soI tion

| /di es.?2 t &
fron %, b tie (ERHERG SPRCORSY e 1F Shonitfo; o B PLlSh iRy o o the
as that of Exanp Ie 1, except that the ratio of the
entig, PWHAGEUATCACE. At ANEBPRHG BRI STFYIRCE Wiisa 107 e break
nmesophase graphite spherule, the nedian di ameter D50,

and the specific surface area were respectively
changed as shown in the follow ng Table 1.



Further, as Conparative exanples 1 to 5 relative to
Exanples 1 to 5, test cells as illustrated in Fig. 7
were forned in the sane manner as that of Exanple 1
except that the ratio of the outer surface area to

the entire surface area ingphe mesophase graphite
spherul e, the nedi an di aneter D50, and the specific
surface area were respectively changed as shown in

contpiession| sremgthds detBuéficlently decreasédyrand lieere BypEsbibility tte génerate

cells of Exanples 1 to 5 and Conparative exanples 1

a den® axrh&), BB p&En@RR U Srachi€ il Ble@hbd@ciRE&S SolRERT 2UAS. However,
t he di scharge capacity, the discharge capacity

o PGB AL BTN S0t f MEHRL B L) i B

aﬁhomn in Table 1 all together. 30 The

35 3P8YSati ve press pressure was obtained by neasuring the
press pressure necessary in the case where the active,
mat dFIEET BB sakodimpery €841 dh i Capsdvhee thmtvolugee density is
vol unme density becane 1.80 g/crn3, and normali zi ng

incredred ysaimmetsasetoding Hee anresprigie asslus domfed in the anode active
Conparative exanple 1 for the el ectrodes of the

mateRSdeedri2?8. e Xanp| ListhAme difigidresdie o abletcCisgudlicitat¥iesecured in
exanpl es. The di scharge capacity was obt ai ned

the @Rodec0hdtRWSnatridl Shyer OB ﬁﬁ&@léé&ﬁ)tr chglol an ARSAABL characteristics
current char ge was performs at a constant current of

Gl pE Conti. a _ ¢

are hofe 6, W0 i, P, Wt WL, B0 b SRR cisls Ll ais

. _performed at a constant voltage, of nmV until, the

i R Hs ATBTAVER of EIRY (RBCCONGY abe clr s b e contact
reached 20 hours. After that, discharge was perforned
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Fig. 3 illustrates an exploded perspective structure of a second battery. In the
batiery, a spirally wound electrode body 30 to which a cathode lead 31 and an anode

lead 32 are attached is contained in a film package member 40. The battery structure
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and the spirally wound electrode body 30 are opposed to each other, and the respective

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

The package member 40 may be made of a laminated film having other
structure, a polymer film made of polypropylene or the like, or 2 metal film, instead of
the foregoing 3-layer aluminum laminated film.

Fig. 4 illustrates a cross sectional structure taken along line IV-IV of the
spirally wound electrode body 30 illustrated in Fig. 3. In the spirally wound electrode
body 30, a cathode 33 and an anode 34 are layered with a separator 35 and an

electrolyte 36 in between and then spirally wound. The outermost periphery thereof is
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protected by a protective tape 37. Though Fig. 4 illustrates the simplified spirally
wound electrode body 30, the spirally wound electrode body 30 actually has a flat (oval)
cross section.

Fig. 5 illustrates an enlarged part of the spirally wound electrode body 30
illustrated in Fig. 4. In the cathode 33, a céthode active material layer 33B 1s provided
on the both faces of a cathode current collector 33A.  The anode 34 has, for example, a
structure similar to that of the anode illustrated in Fig. 1, that is, a structure in which an
anode active material layer 34B is provided on the both faces of an anode current
collector 34A. Structures of the cathode current collector 33A, the cathode active
material layer 33B, the anode current collector 34A, the anode active material layer 34B,
and the separator 35 are respectively similar to those of the cathode current collector
21A, the cathode active material layer 21B, the anode current collector 22A, the anode
active material layer 22B, and the separator 23 mn the foregoing first battery.

The electrolyte 36 is so-called gelatinous, containing an electrolytic solution
and a2 polymer c-ompound‘that holds the electrolytic solutioh. The gel electrolyte is
preferabié, since a high ion conductivity (for example, | mS/cm or more at room
- temperature) is able fo be thereby obtained, and leakage of the battery is able to be
thereby prevented.

As the polymer compound, for example, an ether polymer -compound such as
polyethylene oxide and a cross-linked body containing polyethylene oxide, an ester
polymer compound such as polymethacrylate or an acrylate polyfner compound, or a
polymer of vinylidene fluoride such as polyvinylidene fluoride and a copolymer of
vinylidene fluoride and hexafluoropropylene is included. One thereof may be used

singly, or a plurality thereof may be used by mixture. In particular, in terms of redox
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stability, the ﬂuorinated polvmer compound such as the polymer of vinylidene fluoride
or the like is preferably used. The additive amount of the polymer compound in the
electrolytic solution varies according to compatibility therebetween, but is preferably in
the range from 5 wt% to 50 wt%, both inclusive. Further, in such a polymer
compound, for example, it is desirable that the number average molecular weight is in
the range from 5.0x10° to 7.0x10° or the weight average molecular weight is in the
range from 2.1x10° to 3.1x10°, and the inherent viscosity is in the range from 0.17
(dm*/g) to 0.21 (dm*/g).

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

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

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

In the first manufacturing method, first, the cathode 33 is formed by forming
the cathode aciive material layer 33B on the both faces of the cathode current collector
33A by a procedure similar to that of the manufacturing method of the first battery.
Further, the anode 34 is formed by forming the anode active material layer 34B on the

both faces of the anode current collector 34A by a procedure similar to that of the
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manufacturing method of the first battery.

Subsequently, a precursor solution containing an electrolytic solution, a
polymer compound, and a solvent is prepared.  After the cathode 33 and the anode 34
_are coated with the precursor solution, the solvent is volatilized to form the gel
electrolyte 36. Subsequently, the cathode iead 31 and the anode lead 32 are
respectively attached to the cathode current collector 33A and the anode current
collector 34A. Next, the cathode 33 and the anode 34 formed with the electrolyte 36
are layered with the separator 35 in between to obtain a laminated body. After that, the
- laminated body is spirally wound in the longitudinal direction, the protective tape 37 is
adhered to the oufermost periphery thereof to form the spirally wound electrode body 30.
Subsequently, for example, after the spirally wound electrode body 30 is sandwiched
between 2 pieces of the film package members 40, outer edges of the package members
40 are contacted by thermal fusion bonding or the like to enclose the spirally wound
electrode body 30. At this time, the adhesive films 4! are inserted between the
cathode lead 31, the anode lead 32 and the package member 40. Thereby, the
secondary battery illustrated in Fig. 3 to Fig. 5 is completed.

In the second manufacturing method, first, the cathode lead 31 and the anode
lead 32 are respectively attached to the cathode 33 and the anode 34. After that, the
cathode 33 and the anode 34 are layered with the separator 35 in between and spirally
wound. The protective tape 37 is adhered to the outermost periphery thereof, and
thereby a spirally wound body as a precursor of the spirally wound electrode body 30 is
formed. Subsequently, after the spirally wound body is sandwiched between 2 pieces
of the film package members 40, the ouiermost peripheries except for one side are

thermally fusion-bonded to obtain a pouched state, and the spirally wound body is
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contained in the pouch-like package member 40. Subsequently, 2 composition of
matter for electrolyte containing an clectrolytic solution, a monomer as a raw material
for the polymer compound, a polymerization initiator, and if necessary other material
such as a polymerization inhibitor is prepared, which is injected into the pouch-like
package member 40.  After that, the opening of the package m:mber 40 is hermetically
sealed by thermal fusion bonding or the like. Finally, the monomer is thermally
polymerized to obtain a polymer compound. Thereby, the gel electrolyte 36 1s formed.
Accordingly, the secondary battery is completed.

In the third manufacturing method, the spirally wound body is formed and
contained in the pouch-like package member 40- in the same manner as that of the
foregoing first manufacturing method, except that the separator 35 with the both faces
coated with a polymer compound is used. As the polymer compound with which the
separator 35 1s coated, for example, a polymer containing vinylidene fluoride as a .
component, that is, a homopolymer, a copolymer, a multicomponent copolymer and the
like are included. Specifically, polyvinylidene fluoride, a binary copolymer containing
vinylidene fluoride and hexafluoropropylene as a component, a ternary copolymer
containing vinylidene fluoride, hexafluoropropylene, and chiorotrifiuoroethylene as a
component and the like are included. As a polymer compound, in addition to the
foregoing polymer containing vinylidene fluoride as a component, another one or more
polymer compounds may be used. Subsequently, an electrolytic solution is prepared
and injected inio the package member 4C. After that, the opening of the package
member 40 is sealed by thermal fusion bonding or the like. Finally, the resultant is
heated while a weight is applied to the package member ‘40, and the separator 35 is

contacted to the cathode 33 and the anode 34 with the polymer compound in between.
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Thereby, the electrolytic solution is impregnated into the polymer compound, and the
polymer compound is gelated to form the electrolyte 36. Accordingly, ;che secondary
battery is completed. In the third manufacturing method, the swollenness
characteristics are improved compared to the first manufacturing method. Further, in
the third manufacturing ﬁethod, the monomer as a raw material of the polymer
compound, the solvent and the like hardly remain in the electrolyte 36 compared to in
the second manufacturing method, and the steps of forming the polymer compound are
favorably controlled. Thus, sufficient contact characteristics are obtained between the
cathode 33/the anode 34/the separator 35 and the electrolyte 36.

In the secondarf battery, in the same manner as that of the first battery, lithium
1ons are inserted and extracted between the cathode 33 and the anode 34. That is,
when charged, for example, lithium ions are extracted from the cathode 33 and inserted
in the anode 34 through the electrolyte 36. Meanwhile, when discharged, lithium ions
are extracted from the anode 34, and inserted in the cathode 33 through the elecirolyte
36.

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

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

Third battery

Fig. 6 illustrates an exploded perspective structure of a third battery. In the
battery, a cathode 51 is bonded to a package can 54 and an anode 52 is contained in a
package cup 335, the resultant is layered with a separator 53 impregnated with an
electrolytic solution in between, and the resuitant laminated body is caulked with a

gasket 56. The battery structure using the package can 54 and the package cup 55 is
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so-called coin type.

The cathode 51 has a sﬁ’ucture in which a cathode active material layer 51B is
provided on a single face of a cathode current collector 51A. The anode 52 has a
structure in which an anode active material layer 52B and a coat 52C are provided on a
single face of an anode current collector 52A. Structures of the cathode current
collector 51A, the cathode active material layer 51B, the anode current collector 52A,
the anode active material layer 52B, and the separator 53 are respectively similar to
those of the cathode current collector 21A, the cathode active material layer 21B, the
anode current collector 22 A, the anode active material layer 22B, and the separator 23
in the foregoing first battery.

In the secondary battery, in the same manner as that of the first battery, Iithium

- ions are inserted and extracted between the cathode 51 and the anode 52. That 1s,
when charged, for example, lithium ions are extracted from the cathode 51 and inserted
in the anode 52 through the electrolytic solution. Meanwhile, when discharged,
lithium ions are extracted from the anode 52, and inserted in the cathode 51 through the
electrolytic solution.

Actions and effects of the coin-type secondary battery and the method of
manufacturing the coin-type secondary battery are similar to those of the foregoing first

battery.

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

First, a mesophase graphite spherule in which the ratio of the outer surface area
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to the entire surface area obtained by os plot analysis of an adsorption isotherm by
nitrogen absorption measurement was 16%, the median diameter (Dsp) by laser
diffractive particle size distribution meter was 30 um, and the specific area determined
by BET method based on nitrogen absorption measurement was 1.6 m>/g was prepared.
The nitrogen absorption measurement was performed by a fully automatic  gas
absorption equipment (OMNISORP 100CX of Beckman Coulter Inc.), and thereby the
adsorption isotherm of the mesophase graphite spherule at 77K was obtained.

Next, an electrode containing the foregoing mesophase graphite spherule as an
active material was formed. Speéiﬁcally, first, 90 parts by mass of the foregoing
mesophase graphite spherule and 10 parts by mass of polyvinylidene fluoride as a
binder were mixed. Then, the resultant mixture was dispersed in
N-methyl-2-pyrrolidone (NMP) as a solvent to obtain mixture slurry. Next, a current
collector made of a copper foil being 12 um thick was uniformly coated with the
mixture shurry, which was dried. The resultant was compression-molded so that the
volume density became 1.80 g/cm3 to form an active material layer. After that, the
current collector provided with the active material layer was punched out into a pellet
having a diameter of 16 mm to obtain an eiectrode. The area density of the active
mateﬂgl layer to the area of the current collector was 12 mg/em’.

Next, with the use of the electrode, a coin-type test cell in a diameter of 20 mm,
and a thickness of 1.6 mm having the structure illustrated in Fig. 7 was formed. In the
test cell, the foregoing electrode obtained as a pellet having a diameter of 16 mm was
used as a test electrode 61, the test electrode 61 was contained in a package can 62, a
counier electrode 63 was bonded to a package cup 64, and the resultant was layered

with a separator 65 impregnaied with an electrolytic solution in between, and then the
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resultant laminated body .was caulked with a gasket 66. That 1s, in the test electrode 61,
an active material layer 61B containing the foregoing mesophase graphite spherule as an
active material was provided on a current collector 61A made of a copper foil, and the
active material layer 61B was arranged oppositely to the counter electrode 63 with the
separator 65 in between. In that case, lithium metal was used as the counter electrode
63, a polyethylene porous film was used as the separator 65, and d solution containing a
mixed solvent obtained by mixing ethylene carbonate (EC) and diethy] carbonate (DEC)
at a volume ratio of 1:1 and LiPFs as an electrolyte salt was used as an electrolytic
solution. The concentration of lithium hexafluorophosphate in the electrolytic solution
was 1 mol/dm’.

Examplés 2t05

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

Further, as Comparative examples 1 to 5 relative to Examples 1 to 5, test cells
as 1liustrated in Fig. 7 were formed in the same manner as that of Example 1, except that
the ratio of the outer surface area fo the entire surface area in the mesophase graphite
spherule, the median diameter Dsg, and the specific surface area were respectively

-changed as shown in the following Table 1.

For the respective test cells of Examples 1 {o 5 and Comparative examples 1 to
5 formed as above, the relative press pressure, the discharge capacity, the discharge
capacily retention ratio, and damage to the current collector of the electrode were

evaluated. The results are shown in Table 1 all together.
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The relative press pressure was obtained by measuring the press pressure
necessary in the case where the active material layer was compression-molded so that
the volume density became 1.80 g/em’, and normalizing the results based on the press
pressure of Comparative example 1 for the electrodes of the respective examples and
the respective comparative examples. |

The discharge capacity was obtained as follows. First, for each test cell,
constant current charge was performed at a constant current of 0.1 C uniil the
equilibrium potential reached 5 mV to lithium. Further, constant voltage charge was
performed at a constant voltage of 5 mV until the total time from starting the constant
current charge reached 20 hours. After that, discharge was performed at a constant
current of 0.1 C until the equilibrium potential reached 1.5 V to lithium, and the
discharge capacity (mAh/g) then was measured. 0.1 C is é current value at which the
theoretical capacity is completely charged in 10 hours. The discharge capacity
calculaied as above was based on the equilibrium potential, and thus the discharge
capacity reflected characteristics inherent to the material composing the active material
layer of the test electrode 61.

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

The damage to the current collector of the electrode was evaluated as follows.
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Once the electrode in which the active maierial layer was formed was dipped 1n an
organic solvent and washed, and thereby the active material layer was peeled from the
current collector. The resultant was dried, and then the current collector was visually
observed by an optical microscope with 100-power magnifications. For the visual
observation, arbitrary 3 locations of a square region having each side of 5 mm on the
electrode surface were selected. Then, the number of dents resulting from the
mesophase graphite spherule generated on the current collector caused by pressure in
press molding was counted. Out of circular or oval dents generated on the current
collector surface caused by pressure against the current collector surface by the
spherical mesophase graphite spherule, the number of dents in which the smallest
dimension was in the range from 3 to 70 pum was counted. Further, in the case where
two or more dents were overlapped at the same location, separation wa.s- made by visual
observation, and the number of overlapped dents were determined and counted. Table
1 shows the number of dents of the examples and the comparative examples other than
Comparative example 1 that was normaiized where the number of dents in Comparative

example 1 was the reference value 100.
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examples. However, the invention is not limited to the embodiment and the examples,
and various modifications may be made. For example, in the foregoing embodiment
and the foregoing examples, the description has been given of the battery using lithium
as an electrode reactant. However, the invention is applicable to a case using other
alkali metal such as sodium (Na) and potasstum (K), an alkali earth metal such as
magnesium and calcium (Ca), or other light metal such as aluminum. In this case, a
cathode active material capable of inserting and extracting an electrode reactant and the
like are selected according to the elecirode reactant.

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

descriptions have been given with the specific examples of the batteries including the
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spherocrystal graphitized substance of nmesophase
batteyp tedarpgnd ,haamgp%@iebfﬁmdlml foadlat 4eed) spirablynivesyl $yucBET and the
nmet hod based on nitrogen absorption neasurenent is in
cointthpe baege Howeerhatfvgntion B sigilgly dgfiibablee ubatiey including
4. The anode active material according to claim1l 2
a blferyd eleR@f @labinksNa tdey SRAESRRILY Sklind s8Rk 4€Batiery having a
substance of nesophase spherule, a nedi an di aneter
: : (s TR 21 A = VY IV [ Si LSL i
strudtd® R % HidF 8 cattolit @G L a%o@@%\te' ﬁ)llc?ed, Bégﬂ,’%hé‘tb“o‘k‘ﬁﬂ&hg% battery

nmeter 1s in the range from5 pmto
i ncl usi ve . The anode active.material accordi to
cterieiCbtThe Gper finchE sl i SRlehte i RhEh o oS HEre 8ot and o
spher.ocrystal graphitized substance of nesgphase
pluraliy, of gpedes | axg {45eEeds pdp pAdtigeHbe Anvengion 3scpailgriy spplicshle to a
cal cul ated by X-ray wide angle diffraction nmethod is
batt¢ry havieg ptheypadkegesitapg 36ch a3 wava®. (337 tatiery. bot h
inclusive, and crystallite size in the Caxis
di r Batthenn in sth80 foropaing nemierdimdit a6d fheefaeagdey agbinpRs, the
material according to any one of the preceding

descBipBbIEB havehBESI BiveR dih@heShbe RRATY BleableSFAP kblGBEh or the gel
subst ance of nesophase spherul €, raman spectrum usi ng

Y. 0 e SRS TS 8 A cpouns o
S e BRSPSl D5 AR, KO H e,

intensity of a peak observed in the range from 1350
for expmple.oan PreprensphdpRlediralyie | Riaped by7 dispgiviagoere dispersing an
havi ng an anode active material |ayer provided on an
clectplytgesativinte atpodpnteeenapoundhevisignion conductividye am mogtganic solid
active material |ayer contains a spherocrystal
elecgolgehtdnitisigig sarb sinacmeluadvenrpsaahis comphed Woeh pE Gt dediuctive
with a fine pore as an anode active naterial.

ceramics, ion conductive glass, and ionic crystal are included.
It should be understood by those skilled in the art that various modifications,
combinations, sub-combinations and alternations may occur depending on design

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

claims or the equivalents thereof.



8. The anode according to claim7, wherein in the
spherocrystal graphitized substance of nesophase
spherule, a ratio of an outer surface area to an
entire surface area is in the range from10%to 50%
both inclusive. 9. The an8dle according to claim?7 or
8, wherein in the spherocrystal graphitized substance
of mesophase spherule, a specific surface area
Whatat dpimaddef by BET nethod based on nitrogen absorption
measurenent is in the range from0.1 nR2/g to 5 n2/g,
both inclusive. 10. The anode according to claim?7,
8 or 9, wherein in the spherocrystal graphitized 37
1. Subghaiiege aftivibsepRasensaiaids ephaodredhbgraghiaized eibstance of
(D50) by laser diffractive particle size distribution
mes@&a%é shiferlfd p&'&\gdédav&%afﬁfn@'?ﬁbge gmto 50 gm both
iI'ncl usi ve. . The anode according to any one of
claims 7 to 10, mhereln in the spherocrystal
graphitized subst ance of nesophase spherule Iattice
spa 02 jn a C.axis directi.on ul at ed
N g e R R T S
fron10 3354 nmto 0.3370 nm_both inclusive, and
graphyityzed sfubstagce ph mesqpbasresrbeARIes 2 ditbie Of PBPUY BEAGHMARta to an
nmore. 12. The anode according to any one of clains 7
entiteosulface wherieimthieratgecfrap A8V oo %t hithgnaphve. i zed
subst ance of nesophase spherul e, raman spectrum using
argon ion |laser light satisfies the follow ng
condi ti on expression: 0.05<B/A<0.2 where Ais an

3. I ntgRgi Eﬂodgf a&l‘@e%t&%ea%%ﬁlhg fohelafr@ngenf BOMHRAA in the
cm- to 1620 cm, both inclusive, and B is an

sphelzrﬁ:rgrgftsah tg%ﬁ;%tlgedpiu%lé%lglgi &r \érg?s Jgﬂ stehs%hgmg % fsﬁ@c@ﬁcl géx@ace area
determined by BET method based on nifrogen absorption measurement is in the range

from 0.1 m2/g to 5 m2/g, both inclusive.

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

inclusive.

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

direction is 80 nm or more.



13. The anode according to any one of clains 7 to 12,
wherein a volune density of the anode active materi al
| ayer is in the range from1.50 g/cnB to 2.26 g/cns,
both inclusive. 14. A battery conprising: a cathode:

an anode; and an el ectrol yse, 38 wherein the
anode has an anode active material |ayer provided on
an anode current collector, and t he anode

active material layer contains a spherocrystal
graphitized substance of nesophase spherul e provi ded
6. wi t Bhe sniodre apiivee mpgerdal agtoctBn@dt iany ot eff ilad prebbdiAg claims,
nmet hod of manufacturing an anode conprising the steps
wheffiis in the spherocrystal graphitized substance of mesophase spherule, raman
spectrum using argon ion laser light satisfies the following condition expression:
0.05<B/A<0.2
where A is an intensity of a peak observed in the range from 1570 cm’! o 1620 cml,

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

1370 cm’!, both mclusive.

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

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

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

area 1s in the range from 10% to 50%, both inclusive.

9, The anode according to claim 7 or 8, wherein in the spherocrystal graphitized
substance of mesophase spherule, a specific surface area determined by BET method
based on nitrogen absorption measurement is in the range from 0.1 m#/g to 5 m2/g, both

inclusive.

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



preparing an anode current collector, and then
form ng an anode active material |ayer containing a
spherocrystal graphitized substance of nesophase
spherul e provided with a fine pore on the anode
current collector; and 37 press-nol ding the
anode active material |ayer so that a volune density
thereof is_in the range from.1. 50 chB to 2,26

subsfpmepaf mpeaphasehgeyiget medign gt %w\}g Ipperpiffpqetive particle
AN(I)E BATTERY, AND METHOD OF MANUFACTURI NG ANODE

BIRACT meter is in thk 1vage &oy & lmatto hAgmabihghdnsivapaci ty

and superior charge and di scharge efficiency is

provi ded. The battery includes a cathode, an anode,

and an electrolyte. The anode has an anode active

11. Mt ehd Alodb %X(%E‘d]ﬂ% QY h B GnO8F BImaNadan CHB&%{H in the spherocrystal
col | ector, e anode active materi al Iayer

grap‘ﬁﬁﬁ{a@ ﬁﬂl?‘stﬁlc‘é Q)@ 'ﬁ{ }Yaﬁg \%L}%fggﬁ ﬁt'tlhéezs%gcﬁg %ﬁ‘ G&- QL% direction

mesophase spheru pro por e as
calcue}ateg %yaf‘(‘-tréyvsn zg.negrltla aﬁffractlo ulrngth]dd is in the range from 0.3354 nm to

0.3370 nm, both inclusive, and crystallite size in the C-axis direction is 80 nm or more.

12, The anode according to any one of claims 7 to 11, wherein in the spherocrystal
graphitized substance of mesophase spherule, raman spectrum using argon ion laser
light satisfies the following condition expression:

0.05<B/A<0.2

where A 1s an intensity of a peak observed in the range from 1570 em'? to 1620 em'l,
both inclusive, and B is an intensity of a peak observed in the range from 1350 em! to

1370 em!, both mclusive.

13. The anode according to any one of claims 7 to 12, wherein a volume density of
the anode active material layer is in the range from 1.50 g/cm?3 1o 2.26 g/cm?, both

melusive.

14, A battery comprising:
a cathode;
an anode; and

an electrolyte,



38
wherein the anode has an anode active material layer provided on an anode
current collector, and

the anode active material layer contains a spherocrystal graphitized substance

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

15, A method of manufactiring an anode comprising the steps of:

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

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

is in the range from 1.50 g/cm? to 2.26 g/em?, both inclusive.



. 39.

ANODE ACTIVE MATERIAL, ANODE, BATTERY, AND METHOD OF

MANUFACTURING ANODE

ABSTRACT

A battery that has a higher capacity and superior charge and discharge
efficiency is provided. The battery includes a cathode, an anode, and an electrolyte.
The anode has an anode active material layer provided on an anode current collector,
and the anode active material layer contains a spherocrystal graphitized substanee of

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

Figure 1



