:[\]7e3e88%j &6, T*Ififilfifi* *G00002* 22/05/2003 El ectrode Structure, and
Rol | ing Apparatus for Rolling and Pressing Electrode Structure Field of the
| nvention 5 Tk mn relates to a coppi mr on- conducti ng

pol ymer on a;mmmmmﬁm tructure for an emwmnmmﬂmnm onent such as a
primary and secong@fs cell, a capacitor, and aio@hectric double |ayer
capaci tor. Background of the Invention 10 In the prior art, in22/05/2003m
ion battery, a positive electrode h as an el ectrode structure o is

manuf act ured bE|e@trodedSBubturel AAdRMing ASPERItES foF Rl andPressirfg/bst ance
a conprising Li Co02, powdered electrically-conducting carbon b, a binder
polynmer ¢ and a solvent d into a Elegtrode Strgicii® ying it to a current
collecting material f and drying to forma conpound filmg, as shown in
Fig. 13. 15 The conpound filmg of Fig. 13 is a partial enlargenent of the
m xture a fdn |l ecting material f. A negative electrode | as
an el ectroaﬂeis({]rsfjc u!e |st$rﬂanuf actured by mxing the mxture a of the
powder ed el ect Thidgdnweentioneretates taaoeating offpniisn-sgnguastiher malymeaphiare, t he

bi nder pol r c.and the solvent d into a sluyrr applying it .to the 20
cur'r ent " ool EGIRSiRuEtEra fo 3N Sleriical GamEpTt SUE AL PUBRAL Y SPPORRRTY s
shown in Figy, é‘bapgﬁﬁor?bﬁétarngéléctﬁibyégjblérI%yéﬁcé?&a%itﬁﬁed such that the

el ectrode structure o i s sandw che etweén two work rolls m mas shown in
Fig. 15; a rolling apparatus for rolling and pressing is used to increase

the fili ngogenlsi t?( o{ f}ﬂ‘e Iec&.r ode 25 active substance. However, in
rolling an ?)? PhEIYENHE e structure o is such that the el ectrode
structui@ o i NfethegstidreirtVaea IitMentibRYateRd a pystive/slebtro® hasan Bldctroeessed
by bei ng sandw ched between the upper and | ower work rolls with a pressure

f 05 cehgenersétlm"bw i3 pasdagiured dyiroixing a nistuie pgii@ pAwdered gleetrodgadtiveol | |
t wei t i : : : J 0
an e wei gl Hed QEoﬁ%gi%@ﬁ%@Odé,rlpé\nﬁére%f?ﬁg?tpe{aﬁrfégﬂhcéenﬁ ;c%ﬁfl)(gnﬁ ano

i ssue to be resolVed i orc 0 hér "bot h

upper and |isinger pslymer eldrel dHeclantd thtetosited. andappidiay it to avctrehtand agai nst
the distortiqn, .the ugrper and | ower work rolls .mnmay be desi neg
t hi cker. Yetollegting maieral fand dryinggpSomm al%@%’ﬁ@ﬁbg ERRVRIRELG dPe

struct uj orid euhBBuhd At 48t HEC13 Aabatlial Bl gémeht biReNfibheleoRiRs

| onger, and there i1s no s antia ange I n e unit-area pressing force
conpari ng teurmdndcotiéetingomiateriall f.s are in the previous thickness even if the

k roll t hi .5 As, sh in Fig. 15 . since th ti onal
Pt hi um i on seAdRERYe et aRiediy anglelrofe sttt &t AR MRt ween
the positi Wﬂeehiﬁglré@dfr hthe%d«déﬂ@d 'éi?—ﬂ:%bhé%dﬁl/@%hb@l@ﬁclé a @nﬁp@@h{; powvdeped |

is to be remained in e el ectrode active substance |ayer (m xture film

f1 owi ng t hegrapbite.rtbpyirdgr palinacic end tae setveptid intetd slaryuarnlvnedt totther eby
practicghly RtTaJ! . cel . il LGel r .

et cadtyr seté o FRifif & dno e akah e bafeplht M £ 5 otfin,
the |iquid Egetdrol yte cannot flow around the el ectrode active substance.

Therefore, no fficient current, density is, aitai ned, whjch nakes it

i npossible to %Hﬁ@!‘?@&qeﬁtf%‘é@i 'éﬁ’eégn&dc%ﬂch.thﬁtéhéig%"?t&‘{ﬁ%t“dﬁtu'i%% 1S

I nvention 1d,d i j hS ¢ t tideqa i rat us
sui tabl e fo%adrﬁlmgegﬁﬁeﬂgﬁgg( %ﬂg@@%ﬁ% ﬁsﬁmgt ?J%E% Fl%llllhq]gpanot Sgr
obj ect of tfor soliimyand ipresing jsrusddile inorease dloe filing dersity ofdbesieciader e. 20
This inyention is a rolli appar.at far ,ralli.ng,and essi n el.ectrode
struct ufs 13RI SIS BIOME VBT 4R Follioq dnd proes gtk SlESas SEHRRIG R o ¢ e
current coldptthBothHEpéletirede s#aeRFd &iiMderieddBetiveeh tM@rquéﬁbhé Ieeadnb&hi ng
and rolling and pressing the electrode structure, at [east a pair of backup

rol I's generralls iy m ippeesseddykrioe sandwichrd hedypea the BORRT &N tower work
R T e T
still is a uppdrivrkapihaarat the weight of therrpuaindy pr dathaigcase, altRstgotiere is
30 noissue to be resolved if such force is lower, if the force is higher both upper and
lower work rolls becomes distorted. In order to withstand against the distortion,
the upper and lower work rolls m, m may be designed thicker. Yet, the radial
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structure in which a powdered el ectrode active substance is adhered to the
current collecting material, conprising one work roll and the other work
roll 30 having an el ectrode structure inbetween, a backup roll generating a

pressing force onto the surface of the other work roll, a pressuring device
pressing the backup roll toward the work roll side, and a drive unit
rotating the work roll. 2 22/05/2003 This invention still isZ22/0%52003g

apparatus for rolling and pressing an el ectrode structure, wherein the

rol l'i ng appahgfhusressimp'the @Fedroder structlire dAERinEfromVtheGedtioAd dirdcgibRiofe of
the work roll "inside and a housing having the respective roll axle inside,

and a spacetheirslipbecomed langeeand these isap substastiahrhangedn the uni-area s

move bet weanephaodpR GsBBATRERPhb e B edPe i B blskidlR hikHEHS: ance
coat ed by agvdrointseowarctd|iBGhrodhigkdr | s adhered to a current collecting
material, and a rolling apparatus rolls and presses the powdered el ectrode

conduct i ¥e subdsshowron Rigel 2 Einentheceanvestiong) lithiueyipaisecendatyicellitselnt i on
till furt ' : i i

rove bet wedied R IO IR 1dhoSl PpRELRUE HPANd wiliodathae
coat ed by aglecwwode hrappropriate poid/hieito ibe radtamextint thealectradenactivel dubstancg

material, and a rolli aratus rolls and presses the powdered el ectrode

conduct i vea]§M§%(rﬁ'ﬁ%egﬂ“$‘ ﬂgwtﬂgr grﬁlegtgﬁytgdtqrﬁ iﬁzeeeliegtrpgqgc §ubstaBRe on
t furth i : i Xi wd d el ectrod ti

ye ur erthleﬁetﬁn%%l\%ggér@gggfﬁgﬁﬂgEgraecén_X| ng a powdered el ectrode active

substance wt ectrode conducting substance. Brief Description
of the DPawi ngsloweyer,if & solid dlextnobte itsteachgf a liquideaiedtaalyterie used athesdadidt r ode

structure 20 co i Si an el ectrod tive st ance ich supplies ions.
F o2t aclapliabin il Anthalisiid 6REFobfe cotha 1ou ARibeThe e dih adile 1y
conducti ng SRSARGE: € THPERYE) rR) FtiEIERI SutréM\RNshE isRRdine@NFhichinBaked(iy) 1S a
schematic diagramof the rolling apparatus, and Fig. 3(B) is a diagram
showi ng an igIpassideléo practically winciomas@teled and pressed. 25 Fig. 4 is an
isometric view of the rolling apparatus nmounting a pair of backup rolls.
Fig. 5is an isonetric view of the rolling apparatus nounting one backup

roll. Filg. Discdosurd ébtiehnvieationg the rol ling apparatus nounting a pair of
backup rolls. 30 Fig. .7 is a diagramshowing the rolling apparatus nounting
one backup rol Itis engbjectiof this davesiianite W@‘é@ﬂ@froﬁ'ngéﬂﬂ%%W setpblefer g 9 s
a front vie -l gl ﬂ1d@ r 22/ 05/ 2003 Fig. 10 is a front
vi ew of thewgﬁgsés@f)fg(ﬁ%ﬁ@ @]bxégé& I g%(tﬂicjt.u'i%s' a side view of the
press-sliding itizanoterohjeat of thiFinyenfion té-prpvide an effactiveagleatrodow ng t he
convent i onalttﬂr’]rcgnuf acture of an electrode structure conprising an el ectrode
active substaHt® i ch supplies ions. 5 Fig. 13 is a diagramof a

convent pgnal elTag QERtSH fsUF ESINRYy Soaratus fo8 réliing g préssihd ¥n @feikeeld Ng
substance wherein electricity noves between ions. Fig. 14 is a schematic
vi ew of t heStEégyEsHN Witigh aspavirirrad \ele@rade active substance is adhered to the

current collecting material, comprising a pair of work rolls sandwiching and rolling
and pressing the electrode structure, at least a pair of backup rolls generating a
pressing force onto the respective work roll, a pressuring device pressing at least

25 one of the backup roll toward the work roll side, and a drive unit rotating the work
rolls.

This invention still is a rolling apparatus for rolling and pressing an electrode
structure in which a powdered electrode active substance is adhered to the
current collecting material, comprising one work roll and the other work roll

30 having an electrode structure inbetween, a backup roll generating a pressing
force onto the surface of the other work roll, a pressuring device pressing the

backup roll toward the work roll side, and a drive unit rotating the work roll.
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Fig. 15 is a front view of a conventional rolling apparatus. 10 This
invention will now be described in nore detail referring to the draw ngs.
(a) Electrical conponents Electrical conponents wherein ions mgrate

bet ween el ectrodes are those in which an ion-conducting substance is

di sposed between el ectrode structures 15 functioning as el ectrodes, and
ions migrate within the ion-conducting substance so that a cur r2@52009s
bet ween the el ectrodes, e.g., primary cells, secondary cells, and an

el ectric doubl ghigineenticiPali & rollPRf Aidratusaberciiiify asd presshty &R eldtiioden

i on-conducti ng substance di sposed between the positive el ectrode structure
and negat i véirdstars, vaweseistthe colling apparates camprises asvorkiratt hausing havingeen or

o1 botri ¢ ot 5orae PP s MoK B THuOE RHBE nsta haHRS Al etiedtiR Y RRECT g
substance i psilies BAE MspRIeMREProvided betWeehths réspietivt twe thousmgand an
el ectric _double layer is formed between a |large surface materjal within the

el ectrode st rudhif Byenlien aiill is|ascelpeirgde sbpcturiaran elsclEismarwhat 9osst ance.
§ ﬁ) El ect r oga StepbEh B Fﬂe@ﬁb&%&%ﬁ%@”‘% %ﬁﬁeféoeei‘éﬁ%ﬂ&%cﬁ\'/&ﬁﬁgﬁgﬁée In

ese el ectrical conponents, ana excnange el ectrical Ccharges w 1 ONs oOr
draw i ons. ¢oated by aamidnFeandutingPob/inmer is adhered toreaturseémtumtilectisg trzdérialhe

owdered el ectrode active substance a is sinply conpined with the, bi nder

P s oo 8 arralind dprbralis thll<Aid passes I BoHESEH SiRclpds caadurtye 1 and

Fig. 2 showgih8asdid Hﬁ?thl?}@urtﬁgﬁttcd"@@ti Wipepsl. 4 22/ 05/ 2003 el ectrode active
t t he

subst ance 11 coated w I on-conducting polynmer 12 is adhered to the
current 180l | eciThigginvention siill fuBtheFisran akectrde strubtyye fiavan electricspartisthieos i n

whi ch the powder ed §I ectrotge eiCtti vcf subst ance us(?d fqr batteri es rigi
powder ed | aP§8 "aP¥e Qewern DR clpctigdas. Whelgige RWdeled 'amaes iass Taerial s

el ectric dogbdted IbgyAT iohedbuclhg polyimstas bahadiietos EdrrantCadliettihg Afitb®AL | Ng
material. Fig. 1 Shows a process for manufacturing an el ectrode structure 1
wherei n a pavdarretinglapparaiye relisnandatasses the powdpeabelestiode senddeitveact i ve
subst ance 1&ubs§ éi)ﬁitr?& Bﬁéﬁﬂ@l@ﬁti%w@t&?ﬂpound such as Li Co02 is coated
w th an ionconducting poFymer ,a I's"nade to adhere to a current

col | ecttag mat hisiinvéation fetlfukthir sean éliegtrode stravtireimixing essgowdéred

manuf act ur i n% thg el ectrode strucgure 1 wherein a powdered el ectrode
subst ance, ¢eErode RetiyR fiestance Wb a bewdered; /lec F%EH&C“M fagea form
such as that of graphite or hard carbon is coated with the ion-conducting
polymer 12, and is nmade to adhere to the current collecting material 13. A
powder ed | apgief DéscripRioiPoEtHebréningsas an activated 15 carbon as the
powder ed el ectrode substance may be coated with the ionconducting polyner
and is adher edFi® % g diggramshewingthe mgnuiaciire Af anelegredepiredtug r ode
structu o] : t Ll i L9 shows the case
wher e tEg e%@p ﬁ?'@élea%c%l%gtﬁc #l\gllhﬁ/é o? {t%’g@eg@ﬁ' Eefgeu(? pﬁ%%&n}()de active
substance 11 i §id.@is altdiagedraaf mnciéctoodedstaicture gomprising adGelecividalhye d

el ectrode actiye substance and between the powdered el ectrode active
SUbst ance 15001 BERLRRERCE B HoRReLY Muvesbetieef ifbased and | he
current-col | ecHNRRY fd &béﬂ&ﬁati@ﬁfa@&%hdyh%‘rm%ﬂiﬁ@a}ﬂbér*ét@s,!%?fﬁ@ﬁb.eé(B) is a

el ectrical l yconducti hg substance 1 ered electrically-conducting
subst ance ldiagegmshomtnng aoeldoirodestrugtuwietth belrolledandpressad.ng pol yner. 25
"Coating. refers tp. a state of contact erein_iqns can.easily mgrate

pet ween he 1 b e T PARaSE Vigrorbe lIRG RePpiAfe rERMRRH Pl Bk Punce,
i.e., the ppwdered el ectrode active substance 11 over their entire surfaces
or the powdered | arge surface material over their entire surfaces. The

i on- conduct i ng FibI5/ean isomedric vigweef tha relieg apppeates mrountiagnsdeaeyp roll.

el ectrode acti ‘ I jal so
that the 1 att ef -3 53t BRER BRI UeDIRRRTTE ST A Y A PR STBEEKLE
el ectrode aretlisve substance 11 becones nore active the finer the particles
f whi it ised, but it tivit b ,
© ! CB‘OI 'S F?go.n%)lrsl asgiagrarlrjl shlow?ngé"ﬁ‘ueI r\gllin%/; e?pap%rat%s mounting one backup roll.
Fig. 8 is a schematic view of a secondary cell.

Fig. 9 is a front view of the press-sliding mixer.
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5 22/ 05/ 2003 suppressed to give greater stability by coating with the

i on-conducting polynmer 12. If the |ayer of the coated ion-conducting
polymer 12 is thick, conductivity decreases and current-coll ecting
efficiency is poorer, so it is preferably thin. 5 The term "powdered” as
used in the powldered el ectrode active substance 11, the powdered

el ectrically-conducting substance 14, or the powdered | arge sul2l{¥¢2003
material refers to a substance having a fine particle state. In sone cases,
it may refer tp,ga1gt,§bq=rdm®;@|, Bfghel @@gg_sngmg%m@f- subst ances having a fine
particle state_are aggl oner at ed. For the purpose of obtaining a

desirabl e el ecFigodd isarside view af thermessrslldlng neigprasisbewndn fig-iYat ed to rol |

by appl yi ng ¢ Echander searlt b 8 oR eI MAracgfe AT bigkilp ™

col | ecti ng stRictireadordgriding andtscticdesddtivadiubetariceenisidheappligeiphsbet ween t he
pomdered el ectrode active substance 11 and the current collecting 15

mat eri al® 13 anfig d3jiperdiagram ata genventipnal elestroge wlrvichie coamrisibanct i ve

subst ance r

conventi On;«%le%tIESIM géiﬁﬁ}'ﬂg%up%%a%gg\éﬁé{gﬁélg%cﬁi%glb%n”g%ngc%% ng
polymer 12. (cFigRdulis agsohepatiatview fobthe cdbnvemtioaabsquongiarnyngelk0 The rol Iing
apparatus at |east is bIe tate and press and has a structure as shown
in Fig. 3(A. Fig tﬁi'%a Bt VI’PQ’VQBE&OQV%"'O'{)%@O'?%@DB?'@&W -ode structure body
1, conprising the current collecting material 13 superposing an application
| ayer 15 contai ning the powdered el ectrode active nenber as shown in Fig.

3(B), who!e untgis ihbentkeniillHow e Aeserbé®in wheve aetafl.refetridg tdtHeadvawingan a
unwi nding roll 25 53, pre-treated by a prelimnary treatment section 51,

rolled and pressed by rolling-pressing section 4, post-treated by a
subsequent and wound on a V\,i nding roll 54. Wen in
pre-treati n%lj%ié({{ﬁ% q%g?édg%@ééand t hi ckness of the tape el ectrode structure
body 1 may be HEkstitatdompotehtrowrérei rav@en@ratecﬁelweebwbctﬂod&wbeha& in

cl eaned. Alternpatively, when in post ating, a tensile rce and
t hi ckness ofh Fh@ﬁ'ﬁﬁ@%ﬂéﬁ?'ﬂ%ﬁ@gf“?%ﬁf&p?ﬁﬁﬂ/ batweeh ¢lgct Fﬁ;cgasﬁtlr‘éﬁweénd t he

el ectroge %hb‘ﬁérﬂﬁg a8 ctrodBRY ahR§ |&45§?\Rﬁ9 e @lthlnaﬁé% €98dudtil substance

Rol I'i ng- pressing section An exanp | 1 ng-pressing section 4 1s

expl ai ned vsa that afeareent dows bet\geemthmdleetrgdes e.gherimdry icells, mesondary secti on
4 in Fig. 4r] a \éOE" |s 43, .43 and a pair of backup rolls 42,
42 pressurl“ﬁ agqi'@n\,%? rig GO e4§yer4%apeic§{05rder to 5 generate higher

pressure on t hBaV’L@ﬁés 123 bﬁaré@terﬁéd |ﬁttﬁfﬁrﬁbnfﬁonﬁb@tl §Mb§lahéé Hrspbheed 42 nmay

be designed to be |arger than the small dianeter wor | s 43, 43. The

backup rol | betwees thepastive @leairasie ﬁwrﬁr@%mﬁ@@&tVﬁ@|ﬁ@fQﬂ%ﬁté@¢tu@ aderial
on the r f e ing the
sur t ace Dy TRceiok hiig s Bicio Bt figRlvethiafobdH BH; RholdieybesiRal 29 TPy
extra- hard dlectebded and maacmurmhlarwy Ba electat Woribculngtheaysaditor jo! yi i de, and
31'S but - pr ARS8 ek S 0GBONIMEINErF RS BRSSO R HRAAPA abt i ¢
material fo ?1&9 e o

mat eri al onél?ﬁfg sur?g%tgr&elémgﬁ faﬁarggga efsefgérgr?‘éfd;g?l ng ngéhﬁat? %

el ectrode ssurtaﬂ&metaﬁradiwltmlnm ejeCtdet steuttures andeametdctiobite ofi theniop-be a
snmal | g Jgﬂﬁ bei Eggaﬁushed by two | arge dianeter rolls, thereby

appl yi ng t HePMAYCyRg SH £ on the el ectrode structure body 1 and applying
arolling force alnost fills the void in the coating | ayer of the el ectrode

structure bodﬁl The drive unit 45,such as a notor driving the rolls and
t he backup (bolElegtmdeostsicigres2 havi ng an axl e receiving section of the |ower

backup roll 42E%c?rode structures are used as electrodes in these electrical components,
and exchange electrical charges with ions or draw ions. Fig. 13 and Fig. 14
30 show conventional structures that the powdered electrode active substance a is
simply combined with the binder polymer ¢ to adhere to the current collecting
material whereas Fig. 1 and Fig. 2 show the structure that the powdered
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positioned at the upper portion of the roll base 41. The pair of work rol
housi ng 443, 443 of the pair of work rolls 43, 43 and a backup roll housing
442 of the upper backup roll are positioned at the upper portion of the

| ower backup roll housing 422. Aroll axle 471 is rotatably installed at
the respective axle 25 receiving section 47. The respective backup rol
housi ng 442 and the respective work roll housing 443, each has 22/¢h/2603

t hrough which a diver 441 is penetrated, and the respective work rol

housi ng 443g|aBlode ActirSOESEtaNE: PRESARJNVALN tHéﬂibﬁidwd&ét?n% palyndrsi 2kaced
between the roll base 41 and the upper frane plate 415 penetrate the

di ver 30 44adheredteldhe cwrentsodaetinchmagenial di3; o Obfnsmr@ep&esth@\f%aof t he

rolls 42, 4 h The
respect { ve GRS ITBERG 6 o HRatols 4056 $3PsBhck Web P hatéths o
the rolls 4gra pdwdehet rd@surfade eiaterial with’a Hr@ 80Fadd aremusde famgn oyed to
stably be fixed. As necessary, .the unw ndlaéjg@core 411 and the w nding core

412 are provleskissiquble layer 6@%9\@!& eaderg fg ttha gurrgpbiceliesting seatergk
structure bodyp; '1s Pﬁdv@fﬁ” %%Jsﬁg%%féﬂ?% éﬁ‘%l o‘ﬂe@tﬂu@?&%%ewﬁ a

el ectrode struc e palr oIIs are used to
roll the el mwd@r@el aea:trmiammétmbe le. tahpmwbgred e1dctugié3acﬁ%esubs’natncm11:,ore

412. In that case, the di ng cor d.t W nd| ore. 412 are
e al Tet SpTRESIng BEIIESIOFS £OMPGRNg SUEBERUGPD /s FIEA RS T nousi ng
442, and th@oﬁﬂi’}cﬂﬁ% pfynhér ﬂ?tdn\d%%’adé’tooﬁcﬁﬁé}é%ta%rﬁgdt‘é%llé&nﬂl‘ﬁbterﬂaﬁ’193)

Pressurl ng devi ce essuring device 44 1s fixed on the uppér frane plate
415, and0t hiekewjser Figh&kshowsoh |pr¢mam|fqgnmmmfacsumgaﬁmeeledmdﬁvatructus@1t hat the

upper backup, rol.l 42 presse he upper work rall 43 do the eby
Gener at | ng. Wherdln adraE Sactiide SUBRarsR! oo e pPRabiY ¥B5G00d S8
pressuring sistafcd 1 EaEGRgROTOPMSIEH 4 thiher gmﬁftemﬁléWCéﬁHdn iB@aatgn 442
and evenly presses the work roll 43 downward. Although the pressurlng

devi ce 44 iviththe tqrwpnductlﬁ@ PopRer Tb@anddh madeFtOgadmraﬁ@ tip gurrent i t may be
DOST LT oned Skt EUEfnRL L Bo el Bl B8 08 o allnd <
transm 45 tdswbbntatthemomm@@d 'etlac&ouerslnbstﬂricednay be@ogw w#ﬁiﬂhe!icm a dri ving
belt 451 and what, not . necessary, work roll drivin
conducting polymer and is adhered to the current collectlng ma?er?aef?o form an
electrode structure of the electric double layer capacitor.
Fig. 1 shows the case where the electrical conductivity of the powdered
electrode active substance 11 is low. The electrical conductivity in the
20 powdered electrode active substance and between the powdered electrode
active substance 11 and current collecting material 13, is increased and the
current-collecting efficiency improved by mixing with a powdered electrically-
conducting substance 14. The powdered electrically-conducting substance 14
may or may not be coated with the ion-conducting polymer.
25 "Coating" refers to a state of contact wherein ions can easily migrate
between the ion-conducting polymer 12 and the powdered electrode substance,
i.e., the powdered electrode active substance 11 over their entire surfaces or the
powdered large surface material over their entire surfaces. The ion-conducting
polymer 12 is coated on the surface of the powdered electrode active substance
30 11 or the powdered large surface material so that the latter is covered by the ion-
conducting polymer 12. The powdered electrode active substance 11 becomes

more active the finer the particles of which it is comprised, but its activity can be
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and a backup roll driving gear 452 may be installed on the respective roll
axle 25 471 of the rolls for the respective roll to rotate simultaneously

or anmainroll is directly driven while the remaining rolls nay be
dependently driven by a notor but sinultaneously with the rotation of the
main roll. (g) Adjustnent plate 30 Placing an adjustnment plate 46 between

the respective roll housings prevents a pressure failure bet we&2/@52003
respective rolls due to the deviation in the preci seness of the pressure

and the opegipressditot dife gf@a&épéﬂaamndsybsan with the ToH-EMAREBgWHlEHepSSUr €S
t he preci seness of the thickness of the el rode structure bo y 1. For

exanpl e, th®.adjustnment plate 46 may be a Spl’l ng and a spacer which 5 10

ycraul o oyt qs ve? SL i aklba o oV BRE M sk o ublheen  ne
work rolls dgcraasesi@ndeurtehtscallegtifg aFftisvyi |§Tp©bVerS§oith§bréf8%bl@ﬂi{n rolls 43,
43 may not contact each other. The spring pushes the housings 442, 443 and

rol |'s 425 43 eVbatemyi'eewdered” anaised ia the @@\ydewadgeI@@v@@@agtJ%S%stan@@n1,nder
MOVES back"ﬁ%%"qov&{%e@%‘l%c{tﬁ&||K}rc%%%1hﬂﬁng&Eﬁﬁ%tgﬂcé gg, 8{:& Wﬂﬁcﬁb&‘%eﬁ% ige and a pair

of work rol ressing  Section the pair

of work r ol s$uafatd) materiabrefersotol a ssbgtarnss hdviny  firee banmgm ﬁatzekurbnsohie 42, and
t he ot her backuproll 2|s om tt at the lar rreter wor k r.ol

d
thereby redtRSeRgtiMRY ra gfate ¥ Pgeln@q'argeeau e §H‘P%@”9ﬁﬁ %v'a%@r{mezes
the rolli n%ﬁla%%t?%%g%z?%@re %(?VI n order to |ncrease the pressing force,

a pair of work rol ided into a large dianeter roll and a
smal | dil@net er Foothe pamess mﬁbbtanmagtatcmsmabie(eheotrbdastrustqne ds tedrdiiing he

| backu | h 43, f h e d
o 08, onT X o datbtusde aefivatet 6 sl 859 pisistnb Hiectie it 1 AefoRt Ty
section A ghguaion 1dyed15%omhée bpra%?)ﬁmﬁ B SOWHER e BMSREaCHREs RRRNG: T Ol |

42 down 25 fromthe above, d the electrode structure 1 inserted
bet ween t helluppéhe mrrrﬁntmllacum maﬂemaiéa ipvrdenier Krengthenm the adhesivenessnd

o the. backupResinp SO e efiebE A3 SHERARRF 31 el R cubient SEICRE or
roll isi150 ipatertaduB ahdl0BThcreasé tiae dansimfrthmpmmed elgotiodei autive he

el ectrode structure, 1 cones ,twi ce or 5 tinmes, |larger than the pressure
in the tradtyastange H\ev?‘ﬁ@rﬁ)ﬁﬁjéﬁd %?%@'GGHPHE&W@BE@ME%G' Therefore, a

finer work 6&4Jenﬁ§n§lc§immr6%rtaosﬁgﬁ EPEYARBY \Agl‘iﬁ%ew foh ?étggéf]r{olyﬁgﬁ ?lnlgzg?

and at the sane me there is no ference due to aro
the work roll 43, 43), thereby maintaining the uniformgap. Therefore, the
gap betwee (cs %Ilwl%ral\(pr{arlagus fo?folllng an(YpPeess?nd usted so that
20 The rolling apparatus at least is able to rotate and press and has a structure
as shown in Fig. 3(A). In this rolling apparatus, the tape electrode structure
body 1, comprising the current collecting material 13 superposing an application
layer 15 containing the powdered electrode active member as shown in Fig. 3(B),
while under the control by a control device 5, is withdrawn from a unwinding roll
25 53, pre-treated by a preliminary treatment section 51, rolled and pressed by
rolling-pressing section 4, post-treated by a subsequent treatment section 52,
and wound on a winding roll 54.
When in pre-treating, a tensile force and thickness of the tape electrode
structure body 1 may be measured, and the electrode structure body 1 may be
30 cleaned. Alternatively, when in post-treating, a tensile force and thickness of
the tape electrode structure body 1 may be measured, and the electrode

structure body 1 may be cleaned.



the entire wwdth is to be about 80,u mfor exanple by adjusting the

adj ustnment 9 221 05/ 2003 plate 46 of the lower work roll 43. Then, when
the el ectrode structure 1 is rolled and pressed by the work roll 43, the

el ectrode structure 1 is inserted as the thickness of the adjustnment plates
46, 46 of the upper work roll and the |Iower work roll nmay be adjusted
maki ng an adj ustnent for the work roll bending in 5 order to u2RfGE/20@e

t hi ckness of the entire width of the electrode structure 1. In this case,

the backup @9Rolhg-preysig séegbgned to be a drumshape (a roll with O ausing
treat ment) (az shgﬁn I n Fsg. G?B) Fig. 7 uses three work rolls, wherein the

| ower work rol Anraa@rm)leafg.'diingipmir@sezuii@nidsisl‘mmdained wéthoreferencéto bigodr
work roll has, a spaller dianmeter .so_as.10,to | v_higher unit-are
bressure orftthEdPacrRaBliBoTIErRe settor it R Bulad n Paar Birkaeli 3143 42
adj usts t hearimapatr c¥balROE rolE 421D SredBUMARGINAWSEK FIlIeSFB, 43, MY oRferasp! | ed
to the el ectrode structure 1. In addition, the adjustnment of the thickness

of the e ecgensdatethigher pressuig s theswerkomlis U8, 43adiemeteroffbet@ekup reltsed.

structure tnziePeddiondd o P PBedehdfio sHEGIE ok TeR 88 49 Cre”
work roll wté Backug tolai2 is rﬁ@mhfacﬁ@ed:b?]adhbri ainasxtzehbreidgestic materidten
t hi ckness of the electrode structure arter ro Ilnggre ai ns, and becones

desi rabl e 1the syrigce Of pnrxdiachard reaterial sdich preveat Sopstiamagingdherfeingstder ed
el ectrode gt X6 KRS Q%Fe%Xhé"éoﬁta%ﬁﬁgﬁé Witk £ BET M dufiesidrgon and
a |err] -conjugate

separation of Tons, or electrically-conducting polyner
mat eri al0 Tdlastic material peayt be deaaturedrutethane oo polyimidel, and it baedrteise dor

e o i B oS SCALAS A SR RS IR 3B
compound pedéﬂ/\febhy)é%ﬂtse'fﬁé tHickHES sTTRRE @kir?%a% eiés‘tile'nh' HaNRr @kample (8R! ex

chal cogen conpoun aining lithiummy for exanpl e be used. Exanples of
chal cogen chetpeend90mre-Fonsh, RoSHioningsthe alasts; mabarial andharsoffacexeihpnds of

ohal cogen CSERRsARpSAl 5.0 bR HeSalR pal L) BERABhLSS
from tragsi the@woletdl 43 AfayNe aRHiallsteélaonbbeingpusRad byane |aRfediafeter
rolls, thereby applying the large pressure on the electrode structure body 1 and
applying a rolling force almost fills the void in the coating layer of the electrode
structure body 1.
The drive unit 45,such as a motor driving the rolls and the backup roll
20 housing 42 having an axle receiving section of the lower backup roll 42 are
positioned at the upper portion of the roll base 41. The pair of work roll housing
443, 443 of the pair of work rolls 43, 43 and a backup roll housing 442 of the
upper backup roll are positioned at the upper portion of the lower backup roll
housing 422. A roll axle 471 is rotatably installed at the respective axle
25 receiving section 47.
The respective backup roll housing 442 and the respective work roll housing
443, each has a hole through which a diver 441 is penetrated, and the respective
work roll housing 443 and the respective backup roll housing 442, each is placed
between the roll base 41 and the upper frame plate 415 to penetrate the diver
30 441 in order to prevent the deviation of the positions of the rolls 42, 43. A gate-
shape frame may be used instead of the diver 441. The respective roll housings
442, 443 is desirably positioned at both ends of the rolls 42, 43, where four divers

7



221 05/ 2003 el enment chosen fromCo, Wi, Ti, C, V and A, and 0.05 5 x ~
1.10, 0.5 ~y <-_ 1.0)) LiNO2, Li I\/h02 and Li I\/h204 These conpounds may be
obtai ned fromthe oxides, salts or hydroxides of lithium cobalt, nickel or
manganese as starting materials, mxing the starting materials dependi ng on
the conposition, and firing 5 in an oxygen atnosphere at a tenperature in
the range of 600 C-1000 C. There is no particular limtation or22/082003

el ectrode active substance used as the negative el ectrode in a non-agueous

el ectrol yt e4 DAk be eﬂ(‘gdoy%drf@ts?étbl lbelfdedi tting insertion and separation of

l'ithiumions may "be us such as |th| umnetal, lithiumalloy (alloys of
l'ithium and al Asinecessaryatheaunivindihguenreetid. and medwmﬂmgacmemm:@n al s.

Exanpl es of n-con onducti.n ol r er| al o] yacet Ienes
ol wani 11 ne SRR e e pSAnG SERISLE, B iy siepfiadé SrpRts Pemia
pol ycar bazolyiisdra@l fréheRe anWitisg cbre 499 hbﬁﬁ@thé SleBfbdé Sttlidture bBdy 1,
non- aqueous electrolyte primary cells, a |arge battery 15 capacity can be

obt ai ned® byangtheypair ehwark rmHsAB ﬂarare sed dosell the eleetsede atucture hody aqueous

Gsi ng. car ol REbaN i By G R £t £E2- g cosel P IR SR £ o
the negati venetrecwinditey cdrieef12 are installed bhcthééﬂfanhe a1 8 dike @ onod statienay bon
mat eri al, exanpl es bei ng g rontlc carbon, cokes (pitch coke, needl e coke

or 20 pet r oMenther SKEN asgr Apusing 442 gﬁ'&@&%mrém Sragdivateddel Rﬁ@mb@ﬁf‘pound

firing pr od(?mes érﬂ d?dUCt s obtained by firing and carboni zi ng phenolic
resins and furan resins at a suitable tenperature), carbon fiber and active
carbon. 1Q0k) Powdered el ectrode substance with a large surface area 25 A
powder ed eléﬁtprode sub tance with a large surface area is a powdered |arge
surface mat'&i4ps ?Lﬁﬁ'tg IC&raw many ions on that surface. A preferable

powder ed | ar geasye R 3k .§ﬁ9@&bﬁltha ubgeaﬁaﬁ@tma&t% GHOBR Jpper! ting

fromactlvatlngt eca on materi al such yasteamactlvatlngt eat nent
and a fuseoba(IBHpefOﬂ ihousinggt42 iearressad daweward, ispahatitheQuprerthacképrole42npl e

may be pal m sh activated, ca n i vat e bon etrol eum
Coke typo ERses U AG e BL AR o PR flarBin ¥ an oG e Shessdr8oos

pol yacengs. béeefifthe pairaiaxsk a6ild 43t 431 Cﬂ'ﬁé)QﬂasTsMﬁ devicePres s b&th é?fdstWO
ore nore actjivated carbon types may be enpl oyed. Phenol activated carbon, a

pet r ol eum cofidBetupper hackumradlchausing#d2 and eyeply Rraseetheawerkyiodf4d abl e si nce
they provi dg,dnhafd e aifotigh RS bRldurh@Rifide a4 is position in the upper portion in

Fig. 4 and Fig. 5, it may be positioned in the lower portion or positioned in either
side if the rolls are arranged horizontally.

20
(f) Driving unit

The driving unit 45 transmits the rotating force to a work roll driving gear 453

via a driving belt 451 and what not. As necessary, the work roll driving gear 453
and a backup roll driving gear 452 may be installed on the respective roll axle

25 471 of the rolls for the respective roll to rotate simultaneously or a main roll is
directly driven while the remaining rolls may be dependently driven by a motor

but simultaneously with the rotation of the main roll.

(9) Adjustment plate

30 Placing an adjustment plate 46 between the respective roll housings
prevents a pressure failure between the respective rolls due to the deviation in
the preciseness of the pressure and the operation by the pressuring device 44,

8



5 (1) Powdered electrically-conducting substance The powdered

el ectrically-conducting substance increases the electrical conductivity of
the el ectrode structure, there being no particular limtation thereon, but
nmet al powders and carbon powder may be used. As carbon powder, 10 pyrolytic
carbon such as carbon black and its graphitization products, artificial and
natural scaly graphite powder, and carbon fiber and its graphi t22/8/2603
products, are suitable. M xtures of these carbon powders nmay al so be used.

(m | on- congighiaRSuRe thERirediSeddss 6PRetRiRAHESd HOthRUI¥ERIde Stractlr LY 1Whi ch
can dissolve at least the lithiumsalts described hereafter at a

concentration bbrexamplgstheadjustriernt atel 46 maydealspring andra spagergwhich
l'ithiumsalt ﬁ a cgencent ration ?f at |I eg}s?t 0.1 M havi g, an443I ecrit)ri cal
conduct i vi ta5RaINE ClPatanegs AR0g fagy Tofls Wiieh 7 RigsSHONG device 44 3ugh,ap 8
parti cul ar | pydpagicesylipder Raéxtéhded. O Bdjustrhant Spﬂéieymtidl‘i@ﬁl@ét\l\é%n&hd east
lithium 20 salts to a concentration of 0.8M 1.5M the resulting polyner

sol ut i ond ha¥Prgolm 48|15k 43 aajustfoalsaaltapﬂrwiaielymt@atsmeldworklr@lls 48} 4tmaay r oom
Cron . “cradsy SRy CACHBIE. |, 1hb HrigghinneZIBo BG40z B4 Futolis 43V S

The i on- cordBievemy withl yapy whemteprgssating slegiceldushagsca cylinddr npovedlices t he
25 ion-conducting pol ynmer by cross-linking, etc., when energy is supplied
externally.bQ¢@W% ergy nmay be heat, ultraviolet light, light or electron
radiation. (n) Current collecting material The current collecting materi al
shoul d be a substance which easily passes 30 electricity. Its shape and
mat er i all0 ar () Ralllegkprsaingsetiion foroondbaekugctalliaral a painwd merk sollsnvol ved, and
as an exanpl e,

it can. be forned by fashioning an electricallys:conducting
Substance suchitegPliRgrRSoRacssien S ahena HiFag e thamargt work FSiE#8s) 2003
mesh. I'n thes ceroffis Brddsali Hythelifide K48KUBTHI 22! HRG (A StHERLAEK@ rolPABis
surface or both surfaces are used according to the structure of the

el ectri cal @vittedrairibe Jargadiametesovarkrelll therebyreddcingithe sumbesobrdls i s made
to adhere 19 00€q 38 bEieeWhidh Wheils REF3Ning Pres8G 188fidh 4!

15 In order to increase the pressing force, a pair of work rolls 43, 43 are divided
into a large diameter roll and a small diameter roll. The small diameter work roll
43 is pressed by the large backup roll 42, and the other work roll 43 for the large
diameter work roll 43 may be omitted.

20 (i) Operation of the rolling-pressing section
As shown in Fig. 6, the pressuring device 44 pushes the backup roll 42 down
from the above, and the electrode structure 1 inserted between the upper work
roll 43 and the lower work roll 43 is rolled and pressed due to the operation of the
pressuring device 44. If the diameter of the backup roll is set to be about
25 300mm while the diameter of the work roll is to be about 150mm, unit-area
maximum pressure rotating the electrode structure 1 becomes twice or 2.5 times
larger than the pressure in the traditional device, which improves cell
effectiveness. Therefore, a finer work roll 43 comparing to the conventional
work roll may be utilized and at the same time there is no difference due to a roll
30 bent (bending of the work roll 43, 43), thereby maintaining the uniform gap.
Therefore, the gap between the work rolls 43, 43 may be adjusted so that

the entire width is to be about 80 4 m for example by adjusting the adjustment

9



The secondary cell conprises the ion-conducting substance di sposed between
two types of the electrode structures 1. The secondary cell is fornmed 10 by
introducing a liquid such as the electrolyte 14 between an el ectrode
structure 101 of the positive electrode and an el ectrode structure 102 of

t he negative el ectrode, and di sposing a separator 15 between them as shown
for exanple in Fig. 8(A). Aternatively, it is formed by di spogi2/p/2083l i d
el ectrol yte substance such as an ion-conducting pol yner 16 between the

el ectrode spiatecaa'bEthEIdwal wolk rdiP43.0SThéN SvifdetHe Sldtrads! sgb@étufé ¢G4 FIfR

structure 102 of the negative electrode as shown in Fig. 8(B). (i) Eectric
doubl e | ayeandpiessed by theavask selt 43 cthe®lecteodensteuctuegphis inserted @sdhe

o et e CF el A BPYEE P8 0o, 690 RLLRSH I BBl B 97 *°
di sposed beygskanllimgy beiadjusted hrikinPae adjusunient % thd WerkRIINsshddhg in
manuf acturing these el ectrode structures wll now be described. 25 (a)

Manuf act r OT8eT & Waifargyibedhickpess ef the enfise yidieefdbe alegiadsadructenet  In
substance i gised #5 hhg OM%ﬁag'b%C&és‘? e&fbbﬁégfbfrﬁm-érﬁ’%ﬁ@&ioﬂ%ime the
el ectrode structure, an extrenely thin ion-conducting polynmer or

i on- conductClagsipgl tyeatmentvastsiiewn il Figs 6(BRt ed on the 30 surface of the
powder ed el ectode active substance 11. Next, a solvent is added to |iquefy
the mixture infl-d et tBreghiverk ioélsawéewe@ath%fw warkrethhag gl lpegéri ng

materi al , i t . j : nt
can be 13 DR HRAARTLR ok et Mok Al Rasa el ideicr S o

i on- condiicttorapphohigimer upit-arem peessdoe on e pEcinode staucturatie pushingbaokdiyed. | f

the powdered l.arge surface. material is, used as the powdered el ectrode
subst ance, Prachin o 42 28R e Smobft o itnati e AMESn fargnresee
substance gy bR fipieaXsthd eldThadbatiudire . t N8 aaUROh! BCalsMsdntFthé N this
process, a mnute anmount of the ion-conducti n?pgol yner or ‘i on conducting

pol yrrer r avhigéness af theselgetsede # lenddhetadivsiment phihesspgcer mayairgildated.

voi ds are for maoehit GREE-RRRER G mbibiel i idkoERE R e fdelifed 10 o™
coat thesi OfircdV@UL blidBtoRBb YORhg % séloB-eP NSt Wendehe/ §BH of 8k WeHerdlial on
t he powdered el ectrode active substance, the ion-conducting polyner or ion

conduct i ng whileyraling iavo et 80 i am, dndas hekmowiddged thtdhe thidienesstofithe subst ance

are press-slid together to obtain a press-slid product.
electrode structure after rolling regains and becomes desirable 100 4 m.

(j) Powdered electrode active substance
20 The powdered electrode active substance may be a material which permits
insertion and separation of ions, or a x-conjugated electrically-conducting
polymer material.
There is no particular limitation on the electrode active material used as the
positive electrode in a non-aqueous electrolytic battery, but in the case of a
25 rechargeable secondary cell, a chalcogen compound permitting insertion and
separation of lithium ions or a complex chalcogen compound containing lithium
may for example be used.
Examples of chalcogen compounds are FeS;, TiS;, MoS,, V205, Vs0O13 and
MnQO,. Examples of chalcogen compounds containing lithium are LiCoO,,
30 lithium complexes represented by LixNiyMs-yO, (where M is at least one metal
element chosen from transition metals or Al, but preferably at least one metal

10



15 (b) Press-sliding Press-sliding is the action of sliding while pressing
m xtures 10 of the ion conducting polynmer 12 or the raw material of the

i on-conducting polynmer 12 and the powdered substance 11 together. An
external force is applied to the m xtures so that they cohere to each ot her
and the particles rotate, and this 20 process is perfornmed repeatedly to
obtain a press-sliding product. (c) Press-sliding mxer The pragéﬂﬁl?gflﬁ ng
m xer is shown, for exanple, in Fig. 4. The mi xture 10 of the

i on- conductd|teRPENCERIN ffemTo, MR, TRCrMafdi Al aMé 008 XR PPYDes sk paispnce
25 11, or the mxture 10 conprising this mxture and a solvent or the like,
is int rodgdﬂNiogﬂLM%OgendajiMa]gom,Trwsé ¢onepoomds ﬂnbg(ﬂxe %tiiaimdrfmralgmel. Tperﬁ
is a gap between a bas 11, of the contajner 21 and a bottom surface of the
mai n bl ade OZ%EGW@RS Ph Y&WW%ICJH@“ETJC@ P%t’&é‘éﬁi,orw’igad\esﬁr?é #H%Gr e 10
enters the : ; f | its | ikl ade
22, 15 subjoengsy S4EBING sfartiy kil ddbRRAFRMNTIREEQAROSHOR %] iy

r epeat edb sdntanadxygbn dtmospbeduatta tegnparajurerin i1 mnget of 60OV°CH080i @. coat s

t he powdered substance 11. A press-sliding mxer 2 may if necessary be
provi ded with Bhefiedpeosrasticyph timitation on ihe sjeptiode astivg suhstapsatugedas 21.

The di sper sj I Sal ] I 1, Sihar press-slid
m xture 10.sth§d eaégﬂ{gl %tGrjPﬁg |@h?cﬁﬂ%@%?cﬂlesgggéﬁﬁg%pé%&%,e@.ﬁf%ﬁ\a&%ﬁ!i ng the

m xture 10 pgrimtting $ngerthers aad iséparationtafiitidm ibhe nieyt be used stieh @asdithiuhe
contai ner 21 may, be such a? to Per_m't Er%iﬁ-,slidi ng of the m xt uge 10, and
may be sl arfPet@y BRiumallgyfallays et ithiym gad;ghumpinym.deaggpd dacinp), £1c.).and | s
slantin i om part 2111, and slants upwards fromthe bottom
part 21%31 tég&msﬁtﬁﬁé%i rcunference. The center part nay be 10 situated in
a | ow posi ti onExamgldsafe racshjapated comigictiog@otimndriraatariatuafecr ence. The
bottom 211 may be formed in the shape of, for exanple, a grinding nortar,
and the angdialyasietyleres qalyanilpes; pelypyrraies, pelythispimenas, pelyt2dpaegr ees. The

bottom 211 qof the container is wear-resistant, .and is forned by thernal
sprayi ng wi‘ﬁ’}?nty[]?rﬂ‘ﬁt Bﬂl?’}é?%@élpﬁsdeo[y?f:ﬁ%é%?ﬂds : SHlerr%‘?lly%Sﬁ'om pa_r%/s 2111 of
this type may ﬁﬁpaﬁjtiétﬂap,@nh@h%e@ﬂs@l@ctmb%ﬂﬁ%f@ﬂ&-a(eﬁ‘be%’tt@rgp' ade The

mai n bl ade 22 functions together with the bottom surface of the ‘container
21, ser A ngeapacity eas bel ahtaingd dysusing lithiuminetat tor they negativeaelectipdee 22, a 20

shaft is attached in a position corresponding t he rt{. 2111 of
the container BiorsagfisfiE pEtRYETRPERRRTECER. chaxtRuRat SR B At var as
al ong the hybthiped dy ddiey eamonl materfaloWhichepdraiit inseitidhtandldebardfien 6Ri n bl ade
22 may conprise two bl ades attached fromthe center part as shown in Fig.

5(B), or i tItHEY @ik negativel elpgErdany TGN & noPadisslardigtation o5 thegkasbon

d di ' j f th
ot bl ade, TpteE! SRR hoP bl Barkl ol (eR GReTHLBATRREDY, 120
rpm or 2@sspetwdieummoke -graphiies) glasspmarbonsiexigaic pofyapebeimpennd figngot t om

f f th tai d the.b f f the.main bl 22 i
sirface of AnS,SRNLAKEL 2,000 (PG bess sl acs Sh b lads 22 1o
15 mmor | ga§ins Hi@ éﬂifab?ec%rhﬁbrbﬂﬂeﬂ%'r&ﬁh ﬁbére&r%d a&tivePERbens! i di ng

direction) of the main blade 22 is"fornmed so that a pressing angle 8
relative to the bottom surface of the 15

(k) Powdered electrode substance with a large surface area
25 A powdered electrode substance with a large surface area is a powdered
large surface material that may draw many ions on that surface.

A preferable powdered large surface material especially is an activated
carbon resulting from activating the carbon material such as by a steam
activating treatment and a fused KOH activating treatment. The activated

30 carbon for example may be palm shell activated carbon, a phenol activated

carbon, a petroleum coke type activated carbon, mesofusepitch carbon, and

11



22/ 05/ 2003 container 21 is an acute angle. For exanple, if the
cross-section of the main blade 22 is a reverse trapezoid as shown in Fig.
9(C), the pressing angle is from3 degrees to 70 degrees. The cross-section
of the main blade 22 may al so be circular or have a rounded corner as shown
in Fig. 9(D). The material of the 5 main bl ade has wear-resistant
properties, and is formed for exanple by thermal spraying wth2(0&20@3 or
carbide using SUS. If a surface in a direction opposite to the notion
direction (gylpsdenssi dOMe dfithe abb0é hctatbh tafBimtybead cdmbitatioPr dftdof sre
exanpl e effectively perpendicular to or at an obtuse angle to the bottom
surface, tHBOra activated carben tppes oayda eapiayed: o Phenehactivated earhpn, 221 by

Thedi sper S FERG b€ et i EaMiSt NG AL G E are dpBraBRISN G nac
been press-thby prévidé Bdarier @ldUtREeatitcaphey.di spersi on bl ade 23 is di sposed

in a 15 position at which the mxture 10 can be dispersed, and it rotates
at a hidﬁ speed such as 1000-4000 rpm Due to this high speed rotation, the

ion-conductd)qgo\p@ér% erleeéacg[yééér%&mﬁ/g%bg .n%le coated on the particle

surfaces of''the po Su ance unrrormy disperses through the whol e
of the powder efihe posidened eletlrizally-condactinthsulestance inteeasesadthe wiecirticali ng t he
mai n shaft 221 of the in 20 pl ade 22 en in firmmnjxing.or |lowcla

0 Sper o; on GRIUEIBACHBIse AR FoRHe. PSPPI RO RATGURCID U Eadn, s
posi ti oned | i e t e sane
fromthe dr@ﬂ@é@h@?g@ﬁ%c%@éoﬁ%ﬁﬁeﬁ%Eglsulsgﬁ. oﬁ&% ﬁémg?e%%‘%r?oundi ng
the mai h0 shmfrolyfle tarth guph decarbondilagk asd its igraphitizationeprodudtes artifiptal on of

th ti [ th -slidi ] f. Fig. 10 Fig. 11 will
bo-gi ven. T PEd scARRGNIG Ponet Sl aibod doghAad B8 oPvedion at for m 24,
the cont ai ngbdgédtsbaresLifable.e Mituras dr st citbon pBtdes AAYLAISH bedisey. a

control panel 25. 30 First, the powdered substance 11 (codntaining an
additive) is neasured out, and introduced froma powdered substance input

port 34. | ut e a nmeasuring hopper or the like is
installed 38§U8ﬁ#ﬁ®5§§@ﬁ%§§@ 22/ 051 2003 substance i nput port 34 for
st or aget®nd maﬁéﬁmmduc&iﬂg polyrakby s SAdlyaiertviticly cad elissdvaudisieasicthei nput
port is automatically opened by an i nput command.  Siul t aneousl

el i m nate AN sltsdesaribsdhareafisnatesceneentiadianiof af l?@S&en%MKwerésas,gheo
ARSI . - \ e o
(T orugh, Biftnet BEn@MifiFine Rnfint SR 298 RACbnitatdd bf &ledid fhavig By ot O
331 of an ielgetricplocandB@tivity oft HE® Bo(siennernh)cni arquoh yerepermturiet s Itristo bat er i al

i d, t h | it terial i d .out | |

Lot opened ey tiehBfy RrerbiTRh 4R% the Jod RandBiia Satymen TRRaNES t Sasy TRRVRY . ©
powder egdo s Uisab &eorfidn@iatibi iof 0BMI1.5M, ffe ﬁé%altpngyte rf\ér%!bﬁé@h@@in@%ion 10

conducting polyner or its raw material is conp , the input valves 331,
341 are cl ®leefricaieangsictivity oftQ mSiemn e 02t S/ & oo tamperaléeed t hr ough a

Lna che-i oncondtig RNk ah Festt BB Bt fthl Sp mARBRIRL REF S P ancy
can be i npreFedPFEoMeRErShMNeDF Qs CRLE0R),NSas sihiong sol vent i s used,

processing is %ertorned 15 at ordinary tenperature. Next, the main t or
222 is rotated! 88 R-CERALGIROPAYMSHERY Materalis asibstangeuvRichPregdugsstne

i on- conggict;| - i r j a i's
pross sy d BoeRauEtRd pRier by e ERARRL 1S Whdr Enelgp o babnIRe phenhy

bl ade 22, aFhke ehergyanay bedezt, uitrapiolet tight, iight oseleatvomeadiatien. gradual |y 20
begins to penetrate the powdered substance. At this time, the press-slid
m xture 10 rises up the container at the tip of the main blade 22, the
mxture 10 @-3l0wgret@0BIddtR RBRYR) t he center part of the container, and a
turning over action takes place in the container over its entire

ci rcunf er ence. Tiiaicsiriest celfaslingdnategal shoud be a suhstanee whisheeasilytnasses s

uni f or p -S| ter i i imtely 1
nour . 1A% TOBETER' disoSleeetar R Ak 2plet s P el PR B, © il 1
i ncreased teoraforidlits irvtived) @ndvees am BYambld, htecam bé formetDbhfashicrandad
effectively half of the surface area, a vacuum punp 353 of a d%gas Lpg port
35 i s oper stlegtricallyegrdugting sHbstancesSUGh-aANAHRUMAN FOPRERIYS AP Be’?ﬁ,l for med
via a filter 352 for about 1 hour. In other words, the main bl ade 22
press-slides the 30 m xture 10 while degblsing is performed, so wetting and
penetration di spersion of the ion-conducting polyner or its raw material in
t he powdered substance is pronoted. Here, care should be taken when a | ow
boi | i ng-point solvent is added 17 22/ 05/ 2003 to the ion-conducting
polymer or its raw material to pronote dispersion in the powdered

. o " o e o o B Y b1 I




5 When penetration degassi ng has reached about 70% after degassing for
approximately 1 hour, the dispersion blade is rotated at 2800 rpmto
pronot e dispersion. (h) Application to current collecting material 10 The
press-slid substance which has been nade into a paste is thinly applied to
the surface of the current collecting material. After application, the

sol vent evaporates and dries to obtain the el ectrode structure.22(0%2003i ce
whi ch applies the press-slid substance to the current collecting materi al
may be a dogkgk, knife applicator. The applied el ectrode structure is
applied to the tape 15 current collecting material as shown so that the

aplpl i cation | ajfethesgaseref a plafror fojlcustasd coliertingsmatasiahtane surfaaeor bath) . (a)
o set Ubet i iCEReg Rk Beldih 1 YRS RSB A A, o7

the stand bhegondered @letfirodeadtiwesubstariceds invadefo adherptd oee supfacber
el ectrode structure 1 between the unwinding rollers 53 and 54. Wen the

line is 3hiPABSUWIRCESyi el d drive, the entire line is driven in extremely

| ow speed. Then, the upper backup roll housing 442 and the upper backup
roll 42 begin to nove downward due to the operation of the pressuring

devi ce. TheoySeeondanteadlkup roll 42 and the upper work roll 43 nake a |line

contact, and t upper work roll 43 together with th er ,backup roll 42
orate and movenacRBEREY Rl BRIOTGPN UM AHSTICR FISDURRRT  our 1 ace
of the el e%ét%%nftﬁ@tt?%é@ 8f the élBét‘?&E}é lrliStuf¥M acthéB88cdrldry chil i fafmeal | s

nove downward fur y pressing the spring, the lower work roll 42 cones
to cont 4@t by introdueingua liquid sothtasdhe elestraddeidchetweenldn @lgctrode struekué t |

four roll chroni .and begin tq make |low r, p..m ratdon. The

P essuri ng TEUPEERREGNR Habraid obl Al E8otedi hulelhe F070F e Beadtf® o ¢ 1o 16
22/ 051 2003 ¢lppeddd adtdispOsihg ROsEHaEtof 438 BdtivBeh HifeBrROISHAVMTTRSkapife ST €,
and roll surfaces of four | s are evenly pressurized. If the work rolls

ro
43, 43 int igi $A)y Adernatiyelynit isfasmeddaedispesing @ wlid elegtEolyigpybadaneh | ayer
15 and the - [ ' [ r be
conpr essed %%%{%gégﬁgtégﬁéyﬁﬁgqgﬂgggpgﬁ&%%?%%%ﬁ?gg%gﬁgggS?Héﬁegégqfﬁy%%ther
hand, ai1baypusitive sledtrotié @andiihé ietetitiodle dtricturelf2 of thetnegatipe etsutidesaw

t herefore nq conFr ssig occurs. Accordingly, the boundary section between
the appl i ca8OM [Me5igr 863)- and the I ayer without the application Iayer 15
brake and the strength is decreased. Limt of this tensile force is
considered to 10 be about twice as the tensile force by the unw ndi ng

rol l er 54. (i¥Elehtrictdqpiblelayer capacitarr ucture 1 is rolled and pressed, the
pressing force

W th i gh corp? BBy 8Osy Gohachs hasie ke TRedn FniRng Bl ur o

1. The gonviapjd Sinddce Matéral iisusediy foreca géirw@lewro&erstmmm'stdnﬂtan a backup
roll, 15 and the pressing force may not be increased due to the distortion

of the wor kelpelrplylepuhstencs isctisprssd betweendhe ipai-qf elediade Steuatu®s- 4 in this
invention is capable of rolling the electrode structure 1 until it breaks
and to obtain the electrode structure 1 with high conpressibility before

t he breakage, Themadhodldfanaufgctoripy teésctlieattoddatractuyesund! howbel ect r ode

i npedance. 20 By rolling and pressing the electrode structure 1 using the
rol I'i ng- pr e$83%hedection 4 of this invention, the density of the el ectrode
structupg increases. The el ectrode density increase neans an increase in
the area of contact between the powdered el ectrode active substances in the
el ectrode sfa) Manufactarelobeleatrede strachweder ed el ectrode active substance and

the powdered e {rode conducti 25 sub ] r tructure.
ne o resul te t iERERREeER BiEhong {eh g SURLENEE i DstdBs MEBLARERT ! he
area of conglaetroiebUBSANES SoGHANERALIFE the BldchadERtRCtLRE, 8N extrémepotiiier ed
el ectrode active substance and the powdered el ectrode conducting substance

may be set iparepaducting palymer asfionieendueting pelgmer saw matesakisseatebondidne a
desirab e 0 r N&| in t he
anount ? gl a%ﬁée‘{et %etnﬁir}%&vgreiggs? %ﬁ@?&%ﬁvgﬁgﬁgﬁﬁgﬁéd e eg(gtsare %%J\e’&gtgtg ive

subst ance aadddédt lpete tedmilted intola pastelwbichng applhied tnthe currériteodibeting ode
structure 1 increases._éﬁ aresult, if the elgctrode structyre 1 iﬁ)lQ

22/ 05/ 2003 nekRIIAlANGdeeq fo eyarorgietie salverinentsmadinslys e splyeri £88 be her eby
the entire cell becones smaller. Description of the Preferred Enbodi nents 5
Hereafter, an enbodiment of a lithiumioh3dsecondary cell will be described.
(a) Exanple of manufacture of positive electrode structure (Exanple 1) 9.1
wei ght parts of LiCo02 of average particle size 5 u mwhich is a



powder ed el ectrode active substance, and 0.6 weight parts of graphite
powder of 10 average particle size 4 a mwhich is a powdered

el ectricall y-conducti ng substance, were introduced into a press-sliding

m xer, and press-slid for 20 m nutes. Next, 0.546 weight parts of an

i on- conductlng pol ymer raw material (Al ) and 3.5 weight parts of
acetonitrile were added. The ion-conducting polymer raw nateri &2/¢¥2093 was
a mxture, and its conposition and mxing ratio 15 are shown in Table 1.
[Table 1 | Fduedf&nthé bedirfimg icutrRelzopadie Whdrpel ion-conddewig pelyairorer raw
material 20 (Al ) was added, was press-slid in the press-sliding nlxer for

5 hours. THenwosgycting polyme:rawdeatrasl iseoated.i dethenawderadilaige sikface o

e’ mxt ur retari Bl sl S i howdRaBRtbd e sadiaft o Sab. 5"6@%?555"60"‘“"

press-slid with#iepowdery ¢lecwyds activeesisistanicdmay biiemipmyedftmmamjfat:ﬂuwe:kness
20 u m and spread by a doctor knife 25 appli cator of 100 a m gap. The

resul ting phedliRatragesstrygtyreat room tenperature for 15 nminutes, and then
heated at 80C f SR@, face
obtained is tur ngdslﬂllgglggsé %—gﬁv\ﬂ&%ﬁé ?&f\gfdé g)rf’lc c?lﬂﬂt‘ﬁg a@gpaﬁfghl S spread
by a doct orcdndutctng pplynuertraw mater isuused)dpe particdleasuifaceehaf the povidened

duct | ef t t t f t dt heat ed ,at 80C
Por 501" nealpradgaeh gt siiicnnis onated witrpeirbeorudManalimen i widsn
both side Oére%Hﬁédi‘%ﬁd g%ﬂ)s Pi;thbgi%é?éé stBs@intk 378 redised he entire

t hi ckness was 170 a m 512003 This electrode of the invention is
roll ed &hd pr eieedabt}'\etmn@enducmng polymes or ierpendualing. pGIVmet r&w:matesalof t he

et ot o b e ARMIORE GHGRA SR et i Bin-corldblotbd Birfesor in: ¢ of

Li Co02 of ayHcR@and pblynséreradi meté'nal !anth\@ E@Wdleﬁecﬁelé@’lflﬂéé ediigé eabstafleeact i ve
substance, and 0.6 weight parts of ketjenblack and 0.2 weight parts of

graphite pow@ecrrewsmmﬁj@erp@rqhtemea El'eﬁé Aidpragdyft ch are powder ed

el ectrically-conducting substances, were introduced into a press 10 sliding
m xer (capacity 300cc), and press-sI id for 20 mnutes. Next, 1.172 weight
parts of5anbi) ®Preswsliticgi ng pol yner raw material (Al ) and 3.5 weight parts

Che"press-si | APRPIEGIO Prhe 50851 SIPHOSHNIE ReanaaTpues 40\ dfiBe Rsas
vei ght part&rﬂfucﬁﬁ% ?B‘é{n‘l& ‘MDBF h')ﬁaa\pﬁna(éﬁﬂpo@ﬂwd |o|nykgﬁ1d%‘éﬁﬁ5 pbRmidie12 and

press-slid 15 su e m xture press-s for 5 ut es.
press-slid thetrmmjmed\sabstaene\ﬂédpgebhansfm exigrnal faicers mppliédid thef th| ckness

Cosul g’ TRuAREE N0 Bl e Khbodh B ehReRp sRrudS B PO ANE" et e

at 80C por drob@SEE is d'é‘rﬁ)rﬁiedcﬁerp@dfedl\y tdoltati apressa@iRlingdraductace obtained is
turned upside down to be fixed on a flat 20 surface and is spread by a

doctor knife applicator of 100 u mgap simlarly. The resulting product was
left at %%e : : 15 m nutes, and then heated at 80C for 1 hour.
The el ectrmw a%'ﬁ)te"gﬁ ﬁgiﬁ]e el ectrode | ayer applied on both side of

al umi num foi | Thetphesdkaliding Afixer imshapn, forcexaneplenini Fig. 4hi Theraigtured0 70 a

m This el ectrode of the invention i;s rolled and ssed e rolls at
room 25 t enpEriapGPRAUStNg E@V%ﬁé?@dﬁs eMemates @l P“(Btgetﬁ g‘f(%‘{%‘lg] FHR§EPFEs s ng
was 12054 mg%?»thé ﬁ)nxtﬁ@ﬁ@'c‘énﬂfnsﬁﬁ%ﬁ%@ﬁﬁﬂhﬁ‘e Shd BOINdNt Br eh&fikd qdle structure

(Exanpl e 3) 1 weight parts of of average particle size 5 u m which
is a 30 povidtmddc@ wte aadatziver e, anththeamain bledg 22 lm@md pdrhese i agap

i on- conduct 22 2 r I al

part s of acetdieela pa%,27Lor g BRHEE 2l bAHOR alfatelor e wiR s
300cc), and22 henpbN ke enenﬁ PRfttesd2 b fotdited, b@nmtheTmtweew ehtdrd tisa!bpaeace
was paste-like. Next, 159 wei ght Farts of polymeric MDI, MR-200 ﬁNPU Co.)
was added, mtweenéhmbzﬁar%mfébec@n ar@ndstheimaindyade 22his stbiecied

subst an k d 20 a m
and spr 88a B35 BB, i RicAUse ail flspseiTieptedio WpRERIE, 27 0
product wascdrefuctiag pobyenert t2rpeiteiraw endterialléoats the pswdered swdestarceat1.80C f or
1 hour. The thickness of the el ectrgde obtained was 80 m . The elgﬁtrode
obtained is thé RIEEESHdiAG MAGER MBY| finegessay dierprovidedarth, sisparsionipde s

t hi ckness 10 20 u mgap, and the entire thickness was 170,u m This

el ectrode of the invention is rolled andl4$ressed by three rolls at room
tenperature. The thickness of the electrode after rolling-pressing was 120
u mogap. (d) Exanple of manufacture of positive electrode structure
(Exanmple 4) 15 9.1 weight parts of LiCo02 of average particle size 5 ,u m
mhlch |s a pomdered electrode actlve substance and 0.6 weight parts of




i on-conducting polymer raw material (A2) was a m xture, and its conposition
and m xing ratio are shown in Table 2. In the Table 2, the sane result nmay
be obtai ned by the use of polyethyl enegl ycol di met hacryl ate (536 nol ecul ar
wei ght) instead of trinethylol propanetrinethacrylate. 25 [Table 2] The
press-slid substance to which the ion-conducting polyner raw material (A2)
was added, was press-slid in the press-sliding nixer (capacity2200®20080r 5
30 hours. The press-slid substance was paste-like. A solution of 0.01

wei ght par t23 pfthé.cont4IAeb2§. (%édﬁgéﬁi@bl&@b@!@@'rﬁdté@ht Alfh sheediei ght
parts of a I vol quid 22 2/ 051 2003 el ectrol yte of ethylene

car bonat e (‘&@ﬁréﬁéhﬁpr%s'@amb@w&tbo(DEC) was added to the press-slid
substance, and the m xture further press-slid for 5 mnutes. The press-slid
subst ance was renoved, transferred to alum numfoil of thickness 20 a m
and spread (dy Contginéor knife applicator of 100 a mgap. The resulting 5

pr oduct vvas left at roomtenperature for 15 mnutes, and heated at 80 C for
3 hours.? The eTBetcpatfén%%lseprgwﬁgﬂéocawmr@dhgunmg 18bwhichdsl presssliched

upsi de downy, nife
bl i cat or BT s BOdh.quitepS UF 4AE orRiier 219RB7 B tEnBRiAmET (O
t farrper aéur epress- sﬂ?nmoﬁm@mlxtarﬁd10hmn%h&1|ajttmlslahti6@@sfmFld.ghonﬁMat a}hﬁ F|g. 5.

el ectrode olt ai ned i 0 el ectrode a ot h side

al uni num foﬁorﬁ?‘amﬂ'%ﬂﬁ'éﬁsj] Bling. i kg2 b&ﬁé %’I'?g f'r%n({]ﬂ?l?@n‘é%"%arﬂﬁgrﬁo a

m This el aabnR@8nPHak 2911 fAAAdsQRe icrcliPdrafcandrig 6§%¢8Qrtrh byee rolls at
roomtenperature. The thickness of the electrode after i ng- pressi ng was
120 a m@amituated in)a Pvappsitionf anthhaveratslope d$ing dgaaidsdhelaircumberenser uct ur e

(i on e Bolin Bt A3 b Bimed IoMe AR Tordixatisia g Sbpblmnded s “or
an i on- condif thetarifié vieie b@tvbrﬁtﬁawzﬂh rﬁé«}fdréstmnaefbéwzwaégmt STRE

acetonitrile were introduced into a press-sliding mxer (capacity 300cc),
and the niaatioan gt oétha container s W@ar-&s@entna@dps é&yrmeg byitharmal speyings

Radea,  and RCmastey o oatBlA bRaS S P RFa EPRETnRtt 21 MCr Bl PRIl e

was rentyedlsd barfsineed ed the bottppesurfae. of t hi ckness 20 ~u m and spread by
a doctor knife applicator of 100 a mgap. The resulting product was |eft at
roomtenperature for 15 mnutes, and heated at 80C for 1 25 hour. The

el ectrode %5 Maﬁnﬂdw e applied surface obtained is turned upside down to
be fixed on a tlat surface and is spread by a doctor knife applicator of
100 ~ m gap si fhé andin blades22 &mﬂtmnagogntbduwﬁh%bbﬁbm wrfaueomﬁtherrper ature
for 15 m'nutei. ang1then h ated atI ﬁt hout ﬁ}rﬁa ectro ai ned
is the el et 5HAeE 4l e5eT4RH) pé)ae%shs %is f 8fm3(Ilﬂfﬁt n JNRIN? gﬁ kfAess
20, U m g@p,sht igra«ttat:h@dﬁnb utbhlc‘dfmanmg td 1Re dotomlpare 28 £t tede of the
invention is rolled 23 ~ 22/05/2003 and_pressed by three rolls at room

t enper at ur contajgek &1 @rrpbownpr examplecitt rig d8(Baf aed itrairvesigpywaedssalago fiee 120
, U m gap. r i e r e
(Exarrpl e 6)6%{[05}]< ?f’fﬂe Ccﬁ{‘a'ggfﬁ ts)ﬂ{:ﬁégt?%ﬁiw ?’ gﬁpéo11 er Oﬁ&h{/agrﬁjgba?ep%bﬁgl e size
5, u m whi ctednsprisepioibladds attached frormaitial santenibst asGhowd. |a F\A@iQBt) dpreitt s of
an ion-conducti ng}gﬂol yner raw materjal (A2) and 3.0 weig parts of

acet oni t ri I"BAREPEPISE RAR YRS of tﬂ?%"s% g- |H~? ﬂ'@”}?ir%é’reRe@Qﬂ'éﬂ:?@ ¥&00cc),

and pregs- SdmgurﬁtoéantyEQlefimxtUF@. press-slid substance was paste-like. A
solution of 0.0 parts of 2,2' 10 azobis (2, 4-dinethylvaleronitrile)

and 0.5 wei ghthamtatlom speed gfithe waicbladeyt.e., the pumpeeobratatidim ég set low,

EC) / di et hy] DEC) i | dded h
proes st o RU B aReS Blrwerlese wPeh ik tRaidiho B Bedomied's 5Tt o5, he

press-slid subThapap Bedwess Y Boitor! sUMHCEIdfeNe tonRMer1 AR thedbadd)i ckness
20 ~c m and spread by a doctor knife applicator of 100 ~ m gap. The 15

resul ting prusagetof ifae main blage 22 isnsatasarcaw es is pecassary fanrress-ahidingeat ed
at 30 the mixture, for example 15 mm or less.

The surface in the motion direction (press-sliding direction) of the main blade

22 is formed so that a pressing angle 6 relative to the bottom surface of the

15



80C for 3 hours. The electrode with a single applied surface obtained is
turned upside down to be fixed on a flat surface and is spread by a doctor
knife applicator of 100 a mgap simlarly. The resulting product was |eft
at roomtenperature for 15 mnutes, and then heated at 80C for 1 hour. The
el ectrode 20 obtained is the el ectrode | ayer applied on both side of

al umi num foil of thickness 20,u mgap, and the entire thi cknes2/@8/2008 a
m This el ectrode of the invention is rolled and pressed by three rolls at
room t enperasdritsifer 2N¢s bhiaekfteangle! Foeerdraple! FdRe afdsitsédtiohidiah@hefini Ny was
120 ,u mgap. 25 (g) Conparative exanple of positive electrode structure

( Conpar at | Vdags 2@2is @ reyerse. trapezoithas shews idfig-Heo Hepyeseing @ngle is from

cont ai ni ng, 4 | | UL i r : iy ki ol ( PVDF)
wnion has-rbcPaRtsdhdR N edleRsr ob b8 o My g bl S ey Bl
9.0 wei ght ¢gwular arthave@lindedaooenegss slaown i Eig3@(B).z eTHe mnateridhiofthd s a
powder ed_el ectrode active substance, and 0.8 weight parts 24 22/ 05/ 2003
of ket ehblHai0 kiade hias wRargesisiatrsopertigs opnd tsJopnaddor exaraplerygibepnat i cl e
size 4 a m WG ; I onducting substances) in an
ordi nary blﬁgé{j|h 3‘?&'?‘ R&ptggne%%rﬁgﬂef%sﬁ%%%r s, the m xture was renoved,
transferred tolfeogyréace inid dioéctiom apposite t@the-mationadickcsipndprbsisyslidirdpct or

kni f licato f_100, u, ~2 Th [ ti duct | eft at
e PPl oo eh 00,8 838 5 T L PR A LAl e Lol Bl oo
with a si ”%leataé?%btﬁge%'ﬁgfé‘ h&%éﬁfgg?guﬁécé,ﬂ?émxﬂi?é'1@%%@06&-&?@6f' xed on

a flat surface and Is sprea ctor knife applicator of 100 a m gap
simil arl§. aroendésemadinghpft @2ddy redatingthe mainr shaft 22hjrethet reversieadirertion.

m nutes, and then heated at 80C for 1 hour. The el ectrode 10 obtained is
the el ectrode | ayer applied on both side of alum numfoil of thickness 20u
m gap, and () Bispetdifi§biddeckness was 170k m This el ectrode of the invention
is rolled and iressed by three rolls at roomtenperature. The thickness of

the el ectrode dhedlispessionidags &34s indended toxdispeisedhe mixture AP wiigpdest i ve
exanpl e of [ £ St e i l i ght
par'[n; of n_%é¢e§§}sﬁgw| %gﬁ?:@nélgﬁ?%?%gfﬁ%%ﬁ%‘?ﬁ%‘%@ﬁ?%ﬁ?&é&hé\eo?
po: yVvi nyi i ctmwd idn abowhide thé"ﬂﬁ)E%:rghigcdarftaidmerm a?ddmﬁdra]tpg abradyigh 1spefed a
pol ynmer bi nder, m xed wit : jght parts of graphite powder o
average 20 W?%ﬁéogﬁg’ggip@-m%t@ﬁﬁlsg"ﬁh 68@8@(_%@“8% APREONGUEMMHuCt i ng
substance, 44 ﬁ%rqg%r%rrévﬂhéf&igﬁfbé&tred o ﬂ%rpéﬁiélb%rfa% %fh%igéwdéifb‘a

m xture was rgm)ve , transferred to copper foil of thi cﬁness O,um and
spread by asubstarmge khuhiforappldisperses thirougothe wholemf thé ponelenéd sulgstanceluct
was |left at_roomte ature for_15 m nutes nd _heat e 8 for. 3 hours.
The el cot r oHe® I EBEhERe b8 arR st e BOTnoa ren 741 heafiimsi e
down to2pe Biade@2amhén fr fivim Mixihger IR dldysdispereth &Yd eriRabWe Wit rmed
applicator of 100,u mgap simlarly. The resulting product was left at room

t enper at ur eNpX¥g. 15 he digpesionhladerrdhisiositionegdtorshe main shatbéd1 ofrthe main
el ectrode L 3@d 1St I i i l.um num
Foi I of thi AEases: oyauhs e sEReIRAR NEUR PRl bERele ket SglesBrith,]
Thi s el ect rthdeareh suneundingrtheenainshaftl224d and pressed by three rolls at
room 25 22/ 05/ 2003 tenperature. The thickness of the electrode after
rolling-pressing was 120 ,u mgap. (i) Conparative exanple of positive

el ectrogg i P ik anple 1 ) 5 11.5 weight parts of

n- met hyl pyf@?)%%gyﬁ?f?ont alarﬁ%},‘ﬁ)i(eﬁxsol ution, 0.5 weight parts of

pol yvi nyl i deneAfdaseriptien oPteFypevationh usitg the press-shding nixagopFigpdPtandas a

barticl e o5 &1 YEPpRie eVl T pifsetlioufEiriFesde slipppige 8Ly iidfing, g
0.8 wei ght Hafiosn o4, ke teitbinee 21 ah @ ralse® by 2t hardlé 240f agd apbdritmlieavisies of

average particle size 4 10 ,u mwhich are powdered el ectrically-conducting
subst ances, CAMradpapebhary bl ade mixer. After mixing for 8 hours, the

Spread B a dolTe: e PPRERIE pESAToETF REtafig g aUOhRENEIReRRd dHhogucy
was | eft atardmirodeape fidin agpdwilerdd stibstanes inputchdredd dd i aBemdted 3 hours.
The electrode with a single applied surface obtained is turned 15 upside

down to be $¥siem. 8rmeasyring hanges o6 thglike is inplaliad abpve th pewdered 1 e
applicator of 100 a mgap simlarly. The resulting product was |left at room
tenperature for 15 minutes, and then heai@d at 80C for 1 hour. The

el ectrode obtained is the electrode |ayer applied on both side of alum num
foil of thickness



20,u mgap, and the entire thickness was 170,u m This electrode of the 20
I nvention is rolled and pressed by three rolls at roomtenperature. The

t hi ckness of the electrode after rolling-pressing was 140 ,u mgap. (j)
Conpar ati ve exanple of positive electrode structure (Conparative Exanple 8)
25.5 weight parts of n-nethyl pyrrolidine containing, in solution, 0.5

wei ght 25 parts of polyvinylidene fluoride (PVDF) which has no 22/05/2003

i on-conducting property as a polyner binder) was m xed with 9.5 wei ght

parts of gramstarcedipptepor B4duestesyaand nidasusernent andm waIve [34i1sofahgowder ed
el ectrically-conducting substance, 1n an ordinary bl ade m xer. After m xing

for 8 hour sPowarred;substancadaputepart iscautematisally ereNahbY: 8ppaputicanmmand.

t hi ckness 28 s | ' 00 a m
gap.  The. r ey EngBRRNCRL A indt BerSGietetirida fori st Moo IHBE) 2005 f or
15 m nut es, canédinbedte do &itradUctibo of thepowder, ArdiscHapge poae32vittéd withiarg! e
applied surface obtained is turned upside down to be fixed on a flat

sur f ace andcAsriratippdifar 892 is apenest alenerse thabenlyaiis dischagged: m gap

imlarly. ThepfL ' t: r

?n!nut es,yand t g%ﬁ#e%%IE%SQ? %géé @%@ls%drgﬁ%éﬁthéﬁiﬁliﬂcgﬁggﬁ@d@lgg{eg%itg is the

el ect rode |rayematgnaliissdpemed)and thepolywherodits rawmiatetiald$ mddsukekeat 20, u m
of the invention

, dth t t hi ckn, . 170 . Thi | ectrod
1Pt o led ananplSeetipatia e Snd imdaberiuh e cppineria ihamami ek R8s o
the el ectrogg fvidred ubsia@cer eAﬁéPi_ﬁtfé%cﬁé’rpof‘tﬁe'Bcﬂ@dbreéQublgl)ance and ion-

Char gi ng/ di scharging tests A test lithiumion secondary cell was
manuf act@r eebngiicting potynpersin itsravematerial iecemplete thednprfrniatast 33 & B4Tnanehe

| ' | es. The Jpositi d d i
ol ectt ode. vPEShoHITS: IERERTRvaLE: 8t 0 BoRapeleuiated B MHEEIRs oY e
Conpl et el | : t. |
gel . 1 qui SRRt Bkroffts AR the RAUIFEl sHBsdCIcbIe i DY Tee
t he positi veorelueting pdé/mercoritsgaiv material ctheodetting effivierigotan be irhpravedt cel | .

The concentration of lithiumsalt (s orting.electrolyte salt) in th
Fespect | ve PHELTLIEDS RBSSATormatRety BAVaIE USRHSiabersiB RaeEmtFSed a
0.3mA pes  latcdrBiriry BdrRgérathnst € surface area to 4.1V, and after allowing to

stand for 15 mnutes, It was discharged at 0.3mAcnR2 to 2.7V. Conbi nations
for which two blext ke mainangongd2iistialediat@ loywcsrasdelabailidOgpst,dhey

f d, j ed to be. | natior '
Char gf ng! ai SAGeC gl 6 10:<ene e ERAYARY 25 ™ maBB and the-grgerPd ous
the 25 cont@istaride isliesd-ehid betwdersthlel FotRin s0rfdéd bethd cdntaipee 23JandTiakl e 4]
30 27 22/ 051 2003 I n the charging/discharging tests of the exanples and

conpar at i vemaiehipieL2, aadithe ign-eondyclinginedyrpeser its, ave materig)gradualhegat i ve
el ectroge Ofedifd o hBNER ke powdered substance. At this time, the press-slid mixture
10 rises up the container at the tip of the main blade 22, the mixture 10 falls
down from above the center part of the container, and a turning over action takes
place in the container over its entire circumference. This is repeated regularly
so that the whole mixture is uniformly press-slid. After repeating the action for
25 approximately 1 hour, the rotation speed of the main shaft 221 is automatically or
manually increased to 60 rpm, and when wetting of the mixture 10 has reached
effectively half of the surface area, a vacuum pump 353 of a degassing port 35 is
operated, a degassing valve 351 is opened, and degassing is performed via a
filter 352 for about 1 hour. In other words, the main blade 22 press-slides the
30 mixture 10 while degassing is performed, so wetting and penetration dispersion
of the ion-conducting polymer or its raw material in the powdered substance is
promoted. Here, care should be taken when a low boiling-point solvent is added
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coul d be successfully charged and di scharged. However, test cells using the
el ectrodes of the conparative exanples and a solid or gel electrolyte could
not 5 be charged/ di scharged, although test cells using liquid electrolytes
coul d be charged/discharged. Industrial Field of Application This invention
has the foll ow ng advantages: 10 The rolling apparatus of this invention
makes it possible to sufficiently increase the density of appli22405/@808ayer
by rolling and pressing an el ectrode structure. This invention further

nmakes it p%&hb'i@-&@n@@tﬁi};’b@l?méf bERS ra\@ nedtefibil tedsroRidte eispersiod n te
221 05/ 2003 TABLES [ Tabl e ] Ton-conducting polyner raw material (Al )

Subst anceM Rewderedisubstansegas thxeorgentrationarn visaasity of #1s/loeneonducting

I |1 eth | . . _
W, 260, o nelRLRS ky rARAE| ARRECEE R RN ticktes Bt it ction
1, 4- but adi addéhadéfigislcontinayasip berforméd DyRehighivaicuaat Blower. NC- | M ( Sankyo Air
Products_K. K.)Q.03Total 10 [ Tabl e 2] |on-condyctin ol ymer raw materi al
(A2) Sub3t anceNrhempenelration dagagsinghas W&HMV@%@M dgaassingfobpy| at ed

h08) 3. 1osTrinEpRyAr DTt elsit SRS etdTA 200 % BBbrisos

[ Tabl e 3] dispersion.

(h) Application to current collecting material

10 The press-slid substance which has been made into a paste is thinly applied
to the surface of the current collecting material. After application, the solvent
evaporates and dries to obtain the electrode structure. The device which
applies the press-slid substance to the current collecting material may be a
doctor knife applicator. The applied electrode structure is applied to the tape

15 current collecting material as shown so that the application layer at the respective

electrode is isolated in Fig. 3(B).

(a) Rolling and pressing by the rolling apparatus
The electrode structure 1 s is set between the work rolls 43 and 43, and stall

20 tension (tension at the stand by state and 20-30% tension at driving) is applied to
the electrode structure 1 between the unwinding rollers 63 and 54. When the
line is shifted in a yield drive, the entire line is driven in extremely low speed.
Then, the upper backup roll housing 442 and the upper backup roll 42 begin to
move downward due to the operation of the pressuring device. The upper

25 backup roll 42 and the upper work roll 43 make a line contact, and the upper
work roll 43 together with the upper backup roll 42 rotate and move downward.
The upper work roll 43 contacts the upper surface of the electrode structure 1;
three rolls contact and roll; if the rolls move downward further by pressing the
spring, the lower work roll 42 comes to contact with the surface of the lower

30 backup roll 42. As a result, four rolls synchronize and begin to make low r.p.m.
operation.

The pressuring device 44 such as a hydraulic cylinder further pressurize the
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6P&Possi bl el0Exanpl e 4Exanpl e 5AP3Possi bl ellExanpl e 4Exanpl e
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structure 1 with high compressibility before the breakage, thereby obtalmng high
electrode density and low electrode impedance.

20 By rolling and pressing the electrode structure 1 using the rolling-pressing
section 4 of this invention, the density of the electrode structure increases. The
electrode density increase means an increase in the area of contact between the
powdered electrode active substances in the electrode structure and between the
powdered electrode active substance and the powdered electrode conducting

25 substance in the electrode structure. As a result, impedance of the electrode
decreases. At the same time, the area of contact between the current collecting
material and the powdered electrode active substance and the powdered
electrode conducting substance may be set larger. Impedance of the electrode
itself decreases to become a desirable electrode. Yet, the electrode density

30 increases, and the amount relative to unit-area surface of the powdered
electrode active substance and the powdered electrode conducting substance in

the electrode structure 1 increases. As a result, if the electrode structure 1 is
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a pair of work rolls sandw ching and rolling-pressing the el ectrode
structure, at least a pair of backup rolls generating a pressing force onto
the respective work roll, a pressuring device pressing at |east one of said
backup roll toward the work 10 roll side, and a drive unit rotating said
work rolls. 2. The rolling apparatus for rolling and pressing an el ectrode
structure as is clained in Claim1, wherein 15 the di ameter of 220%2083kup
roll is larger than the dianmeter of said work roll. 3. The rolling

appar at us f@ed for lai dtll, fitdareaanfi &erdd deneRy M¥8asds, Wér‘_éb?tli’éehﬁre%e?ﬂi ned in
Claim1, wherein said backup roll haS an elastic material coated on its

surface. 20beron@fesmaller ng apparatus for rolling and pressing an el ectrode
structure as is claimed in Claim1, which further conprises a work roll
housi ng having an axle receive of said work roll inside and a housing

havi ng an aDéscriptioh\of thé Preferyéd Embodiménts i nside, wherein 25 a spacer
I's positioned between the respective housings. 5. A rolling apparatus for
rol I'ing &nd pr E65eafteraan emhodinaet efi3 lifbium éon seggndany §ekbwﬂg€¢§§$§m@,¢rode
active substance is adhered to the current collecting nmaterial, conprising
30 one work roll and the other work roll having an el ectrode structure

t her ebet weda) Exabgid opmamiufagierecsfaiositivecelpciesde sfyubtare (Exarhplett)e surface of
the other work 32  22/05/2003 roll, a pressure device pressing the backup
rol | toward th8\eeieht parts of HCoQnaf avarrge Pattisle sizetts MywWhieb i68rk rolIs. 5

s ol ai med RARSEEHIE Re R s A BITE e st B aB0Rs BhRURLBLC, °°
than theg di arerhgé paftickebide WP kmohith is a powdered electrically-conducting
substance, were introduced into a press-sliding mixer, and press-slid for 20
minutes. Next, 0.546 weight parts of an ion-conducting polymer raw material
(A1) and 3.5 weight parts of acetonitrile were added. The ion-conducting
polymer raw material (A1) was a mixture, and its composition and mixing ratio
15 are shown in Table 1.

[Table 1]

The press-slid substance to which the ion-conducting polymer raw material

20 (A1) was added, was press-slid in the press-sliding mixer for 5 hours. The
press-slid substance was paste-like. 0.254 weight parts of polymeric MDI, MR-
200 (NPU Co.) was added to the press-slid substance, and the mixture stirred for
5 minutes in the press-sliding mixer. The press-slid substance was removed,
transferred to aluminum foil of thickness 20 1 m, and spread by a doctor knife

25 applicator of 100 u m gap. The resuiting product was left at room temperature
for 15 minutes, and then heated at 80°C for 1 hour. The electrode with a single
applied surface obtained is turned upside down to be fixed on a flat surface and
is spread by a doctor knife applicator of 100 4 m gap similarly. The resulting
product was left at room temperature for 15 minutes, and then heated at 80°C for

30 1 hour. The electrode obtained is the electrode layer applied on both side of

aluminum foil of thickness 20 1 m gap, and the entire thickness was 170 um.
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7. The rolling apparatus for rolling and pressing an el ectrode structure as
Is 10 claimed in daimb5, wherein said backup roll has an elastic nmateri al
coated on its surface. 8. The rolling apparatus for rolling and pressing an
el ectrode structure as is claimed in Caimb5, which further conprises 15 a
work roll housing having an axle receive of said work roll inside and a
housi ng having an axle receive of the respective roll inside, #20%R2003
spacer is positioned between the respective housings. 9. An el ectrode

structure f'Prﬁls%le&.QfHél'éQﬁrtMe GRlntiBR T FRdUERApRsseA Dy tAldd ffls 40 redtRar at us as
is claimed in any of Cains 1-8, in which |ons ane bet ween the el ectrodes,

wherei n a pfemperatirel ethe thieknessiof the alectrade afteo solbog-pyessing was d@0duani ng
polymer is adhered to a current collecting material, and the rolling

appar atus r9R-s and presses said powdered el ectrode conductive substance on
the current collecting 25 material. 10. The el ectrode structure as is
clainmed in daim9, wherein said powlered el ectrode conductive substance is
m xed widh (baiEiapmleief ecaneifaturecafep asitivievelestibde atmﬁuréB(E)ﬂampIArQ)el ectrode

structure of an electric do bl e | ayer capacitor nanufactured the rolling
appar at us as i 3-&weighbRarts o HpQQZ ayerage partigle, sige; & r FbWQ'Chdg@

coat od wi t 1PONSTER Tl s e IS SRS AR A BB o

material, and paigHt pavsisr §ep hﬁé%mﬂéﬁ'fo%@er%b%érﬁéle@zéﬂﬂb%im% fgessed on
said current 5 coliecti ng materlal by the rolling apparatus. 12. The

el ect rode spcmdﬂredeele&trlcallycd:mdmungrsuﬁsmmes,lwemmtmducmhlrdopqwées-ed | ar ge

23[3;? ;ﬁ&@ﬂ t rléilinag mlxerrpcapamty é(ﬂ)cc? an ;())reV\%g-rs‘la‘g fOell 56 tmrqugt%scoNdug '172 weight

parts of an ion-conducting polymer raw material (A1) and 3.5 weight parts of
acetonitrile were added. These mixtures were press-slid for 5 hours in the
press-sliding mixer. The press-slid substance was paste-like. 0.548 weight
parts of polymeric MDI, MR-200 (NPU Co.), was added to the press-slid

15  substance, and the mixture press-slid for 5 minutes. The press-slid substance

was removed, transferred to aluminum foil of thickness 20 u m, and spread by a
doctor knife applicator of 100 « m gap. The resulting product was left at room
temperature for 15 minutes, and heated at 80°C for 1 hour. The electrode with a
single applied surface obtained is turned upside down to be fixed on a flat

20 surface and is spread by a doctor knife applicator of 100 4« m gap similarly. The

resulting product was left at room temperature for 15 minutes, and then heated at

80°C for 1 hour. The electrode obtained is the electrode layer applied on both
side of aluminum foil of thickness 20 4« m gap, and the entire thickness was 170
u m. This electrode of the invention is rolled and pressed by three rolls at room

25 temperature. The thickness of the electrode after rolling-pressing was 120 ¢ m

gap.

(c) Example of manufacture of positive electrode structure (Example 3)
9.1 weight parts of LiCoO, of average patrticle size 5 ¢ m which is a

30 powdered electrode active substance, 0.341 weight parts of an ion-conducting
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FAdEnbC10: y5 04 & (e 0% & : - Uy &' :

Tooh & () - OB by P B I et Ak Tcraa pY byt cenliontanof () v,
10% & () - 8f 10 rbghp sinfilarly. The resultin% 8roduct was left at room temperature for 15

10% & () - GVGEGE |yl dEMbCLO: 10% & ()- ! 10% & () - 10% & ()-9s1096 & () - 10% & () -
@ 10% & () -pirulés), hhdiBeh Gkatdd % 8070 fA0PhauK ) TREGSedrdde difaied i§the 10% & ()
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":110% &0 ()electradedayer ppplied v0 Gothosideds: aluminum foikefibiokress 20 wyn gap,

L0 1) TR i Mk 6850 s bl B v

ig%R;R (R)S Qﬁf%ﬁklz@fe(s)&g{qjy%g%%gé&@l)sI%%ﬁf%ﬁgg@%%&'Iél'}e thickness of the electrode

100 & () 2357 & (PO KVaE T 1o: T o & () - 1

10% & ()-0110% & ()-.10% & ()-,410% & ()-F+ 10% & () - VDWW X+X, X- X. XdYNC
15 (e) Example of manufacture of negative electrode structure (Example 5)

9.1 weight parts of graphite powder of average particle size 5 « m which is a
powdered electrode active substance, 0.341 weight parts of an ion-conducting
polymer raw material (A1) and 3.0 weight parts of acetonitrile were introduced
into a press-sliding mixer (capacity 300cc), and the mixture press-slid for 7 hours.

20  The press-slid substance was paste-like. Next, 0.159 weight parts of polymeric
MDI, MR-200 (NPU Co.) was added, and the mixture press-slid for 5 minutes.
The press-slid substance was removed, transferred to copper foil of thickness 20

u m, and spread by a doctor knife applicator of 100 u m gap. The resulting
product was left at room temperature for 15 minutes, and heated at 80°C for 1

25 hour. The electrode with a single applied surface obtained is turned upside
down to be fixed on a flat surface and is spread by a doctor knife applicator of

100 4 m gap similarly. The resulting product was left at room temperature for 15
minutes, and then heated at 80°C for 1 hour. The electrode obtained is the
electrode layer applied on both side of aluminum foil of thickness 20 u m gap,

30 and the entire thickness was 170 u m. This electrode of the invention is rolled
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10% & () - __ard pressed YW&hede roliQ:at #8bm tem gerature The thlckness of the electrode
10: Ls<10% 8 ) P o8 80s & e Goa & ) RSN IS (e ihikpess ot the e leE o e

10: after rolling-pressing was 120 4 m gap.
"10% & ()-10% & ()-1210% & ()-9s10% & ()- @ 10% & ()-$10% & () - bb>cccc: ddEYN
C 10: !110% & ()-Sf10% & ()-10% & ()-&10% & () -

10, rat05 & ) B4k of bkl 8 B bbsitive slectrode structure (Example 6)

L! 10% & § ) - f f Eggog&latiEpdis P graphite powder of average particle size 5 4 m which is a
10% & ()-y510% & ()-3L10% & ()-010% & ()-.z#10% & ()-"-10% & () - Ghhhhhhhhhb
C 10: @L0% &)qud$gd%last(qde agiveisubstance, 0. 2 weight parts of an ion-conducting

10 13;;1240/% fb‘g%ﬂ)g&”%’? @%ﬁé%))@&? e é@ ﬂ%%lg' pte}r{s;,\%}da%%%mtnle were introduced

10% & () - 10Posa predd-sliding Mixdrq€apécity 300cc), and press-slid for 5 hours. The
press-slid substance was paste-like. A solution of 0.01 weight parts of 2,2'-

10 azobis (2,4-dimethylvaleronitrile) and 0.5 weight parts of a liquid electrolyte of
ethylene carbonate (EC)/diethylene carbonate (DEC) in a volume ratio of 1:1 was
added to the press-slid substance, and the mixture further press-slid for 5
minutes. The press-slid substance was removed, transferred to copper foil of
thickness 20 u m, and spread by a docto; knife applicator of 100 um gap. The

15 resulting product was left at room temperature for 15 minutes, and heated at
80°C for 3 hours. The electrode with a single applied surface obtained is turned
upside down to be fixed on a flat surface and is spread by a doctor knife
applicator of 100 u m gap similarly. The resulting product was left at room
temperature for 15 minutes, and then heated at 80°C for 1 hour. The electrode

20 obtained is the electrode layer applied on both side of aluminum foil of thickness
20 1 m gap, and the entire thickness was 170 um. This electrode of the
invention is rolled and pressed by three rolls at room temperature. The

thickness of the electrode after rolling-pressing was 120 ¢ m gap.

25 (g) Comparative example of positive electrode structure (Comparative Example
7)
11.5 weight parts of n-methylpyrrolidine containing, in solution, 0.5 weight
parts of polyvinylidene fluoride (PVDF) which has no ion-conducting property as
a polymer binder, was mixed with 9.0 weight parts of LiCoO of average particle

30 size 5 u m which is a powdered electrode active substance, and 0.8 weight parts
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){o?( ){o: 10Xn>’(1i§éio fiermixing mﬂlﬁ’?ﬁhﬁfm Ur@ﬁ‘@%ﬁiﬂ% rans Eﬁ)fb%cwp@f()
"y#10%p3p d‘()h of thidihdss%d A ne and’$predd b a doctdrHRiffe Qpéhc(a}or of 100 G [ PE:

10:! 10 1

1olg<1o% & The tdstilttfdypréd(itt Wa# 18¥al roofn tempéral@feil § minétke%akd heatdd Az[ : PE

@10%)J& ()8@B1fvsshqurs) Skheedantrodp-withsa singleappled smim@&a(r)e@mmd( ) - AK
;iéazg& %g)ldpsée;/ 8}?/%3 ?‘)F fixed o 2t shikace SRR gpr%ad bly SRR
10! @’fmw‘@)ﬁrﬁicﬁor@”}@%’ﬁn@ é@fﬂiQ?@J&rrﬂé ré%hﬂ%ggbr@iuctl\ﬁas #t at room
temperature for 15 minutes, and then heated at 80°C for 1 hour. The electrode
10 obtained is the electrode layer applied on both side of aluminum foil of thickness
20 u m gap, and the entire thickness was 170 u m. This electrode of the
invention is rolled and pressed by three rolls at room temperature. The

thickness of the electrode after rolling-pressing was 120 ¢ m gap.

15 (h) Comparative example of positive electrode structure (Comparative Example

8)
25.5 weight parts of n-methylpyrrolidine containing, in solution, 0.5 weight

parts of polyvinylidene fluoride (PVDF) which has no ion-conducting property as
a polymer binder, was mixed with 9.5 weight parts of graphite powder of average

20 particle size 4 4 m which is a powdered electrically-conducting substance, in an
ordinary blade mixer. After mixing for 8 hours, the mixture was removed,
transferred to copper foil of thickness 20 «m, and spread by a doctor knife
applicator of 100 u m gap. The resulting product was left at room temperature
for 15 minutes, and heated at 80°C for 3 hours. The electrode with a single

25 applied surface obtained is turned upside down to be fixed on a flat surface and
is spread by a doctor knife applicator of 100 4« m gap similarly. The resulting
product was left at room temperature for 15 minutes, and then heated at 80°C for
1 hour. The electrode obtained is the electrode layer applied on both side of
aluminum foil of thickness 20 1 m gap, and the entire thickness was 170 u m.

30 This electrode of the invention is rolled and pressed by three rolls at room
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10M 10M
5 11.5 weight parts of n-methylpyrrolidine containing, in solution, 0.5 weight

parts of polyvinylidene fluoride (PVDF) which has no ion-conducting property as
a polymer binder, was mixed with 9.0 weight parts of LiCoO of average particle
size 5 u m which is a powdered electrode active substance, and 0.8 weight parts
of ketjenblack and 0.2 weight parts of graphite powder of average particle size 4

10 um which are powdered electrically-conducting substances, in an ordinary blade
mixer. After mixing for 8 hours, the mixture was removed, transferred to copper
foil of thickness 20 « m, and spread by a doctor knife applicator of 100 u m gap.
The resulting product was left at room temperature for 15 minutes, and heated at
80°C for 3 hours. The electrode with a single applied surface obtained is turned

15 upside down to be fixed on a flat surface and is spread by a doctor knife
applicator of 100 4 m gap similarly. The resulting product was left at room
temperature for 15 minutes, and then heated at 80°C for 1 hour. The electrode
obtained is the electrode layer applied on both side of aluminum foil of thickness
20 1 m gap, and the entire thickness was 170 u m. This electrode of the

20 invention is rolled and pressed by three rolls at room temperature. The

thickness of the electrode after rolling-pressing was 140 « m gap.

(j) Comparative example of positive electrode structure (Comparative Example 8)
25.5 weight parts of n-methylpyrrolidine containing, in solution, 0.5 weight
25 parts of polyvinylidene fluoride (PVDF) which has no ion-conducting property as
a polymer binder, was mixed with 9.5 weight parts of graphite powder of average
particle size 4 u m which is a powdered electrically-conducting substance, in an
ordinary blade mixer. After mixing for 8 hours, the mixture was removed,

transferred to copper foil of thickness 20 «m, and spread by a doctor knife

30 applicator of 100 u m gap. The resulting product was left at room temperature
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temperature. The thickness of the electrode after rolling-pressing was 140 4 m
gap.

10
(k) Charging/discharging tests

A test lithium ion secondary cell was manufactured using the positive

electrode structures manufactured in the examples and comparative examples.
The positive electrode and negative electrode were both cut out to have an

15 electrode surface area of 4cm?.  Completely solid polymer (all polymer), polymer
gel electrolyte (polymer gel), liquid electrolyte (liquid) and a separator were
sandwiched between the positive electrode and negative electrode to
manufacture the test cell. The concentration of lithium salt (supporting
electrolyte salt) in the respective electrolytes was arranged to be 1M. This cell

20 was charged at 0.3mA per 1cm? of electrolyte surface area to 4.1V, and after
allowing to stand for 15 minutes, it was discharged at 0.3mA/cm? to 2.7V.
Combinations for which two of these charging/discharging cycles were
successfully performed, were considered to be combinations for which
charging/discharging is possible, and are shown in Table 3. Table 4 shows the

25 contents of the electrolytes listed in Table 3.
[Table 3]

[Table 4]
30
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Industrial Field of Application
This invention has the following advantages:

10 The rolling apparatus of this invention makes it possible to sufficiently
increase the density of application layer by rolling and pressing an electrode
structure.

This invention further makes it possible to obtain an effective electrode

structure.
15
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[Table 3]
Charging/discharging test results
No Positive Negative Electrolyte | Charging/discharging
electrode electrode test result
1 Example 1 Example 5 AP1 Possible
2 Example 1 Example 5 AP2 Possible
3 Example 1 Example 5 AP3 Possible
4 Example 1 Example 5 AP4 Possible
5 Example 1 Example 5 PG1 Possible
6 Example 1 Example 5 PG2 Possible
7 Example 1 Example 5 L1 Possible
8 Example 2 Example 5 AP3 Possible
9 Example 2 Example 6 PG2 Possible
10 Example 4 Example 5 AP3 Possible
11 Example 4 Example 6 PG2 Possible
12 Example 7 Example 9 L1 Possible
13 | Comparative Comparative AP1 Charging/discharging
example 1 example 2 impossible
14 | Comparative Comparative AP2 Charging/discharging
example 1 example 2 impossible
15 | Comparative Comparative AP3 Charging/discharging
example 1 example 2 impossible
16 | Comparative | Comparative AP4 Charging/discharging
example 1 example 2 impossible
17 | Comparative Comparative L1 Possible
example 1 example 2
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' frable 4]
Electrolyte used in test
Symbol | Type Composition Thickness
AP1 All Cyanoethylated/dihydroxypropylated 100 u m

polymer | cellulose

(e.g. Japanese Patent Application Laid-
Open No. 8-225626)

AP2 All Cyanoethylated/dihydroxypropylated 100 ¢ m
polymer cellulose and methacryl polymer 3D cross-
linked structure

(e.g. Japanese Patent Application Laid-
Open No. 8-225626)

AP3 All High viscosity polyurethane electrolyte 100 ¢ m
polymer (e.g. Japanese Patent Application No. 11-
78085)
AP4 All Cyanoethylated/dihydroxypropylated 100 u m

polymer polyvinyl alcohol
(e.g. Japanese Patent Application No. 11-

78086)
PG1 Polymer | Cyanoethylated/dihydroxypropylated 100 u m
gel polyvinyl alcohol and methacryl polymer 3D

cross-linked structure containing 50%
ethylene carbonate (EC)/diethylene
carbonate (DEC) = (1/1) vol liquid electrolyte
(e.g. Japanese Patent Application No. 11-

78087)
PG2 Polymer | High viscosity polyurethane electrolyte 100 u m
gel containing 50% ethylene carbonate '

(EC)/diethylene carbonate (DEC) = (1/1) vol
liquid electrolyte

(e.g. Japanese Patent Application No. 11-
78085)

L1 Liquid Impregnation of ethylene carbonate 23 4 m
(EC)/diethylene carbonate (DEC) = (1/1) vol
solution in polyethylene separator
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1109 & () #3WHdl is claimed is:

1. A rolling apparatus for rolling and pressing an electrode structure in which

a powdered electrode active substance is adhered to a current collecting material,
5 comprising

a pair of work rolls sandwiching and rolling-pressing the electrode structure,

at least a pair of backup rolls generating a pressing force onto the respective
work roll,

a pressuring device pressing at least one of said backup roll toward the work

10 roll side, and

a drive unit rotating said work rolls.

2. The rolling apparatus for rolling and pressing an electrode structure as is
claimed in Claim 1, wherein

15 the diameter of said backup roll is larger than the diameter of said work roll.

3. The rolling apparatus for rolling and pressing an electrode structure as is
claimed in Claim 1, wherein
said backup roll has an elastic material coated on its surface.
20
4. The rolling apparatus for rolling and pressing an electrode structure as is
claimed in Claim 1, which further comprises
a work roll housing having an axle receive of said work roll inside and
a housing having an axle receive of the respective roll inside, wherein
25 a spacer is positioned between the respective housings.

5. A rolling apparatus for rolling and pressing an electrode structure in which
a powdered electrode active substance is adhered to the current collecting
material, comprising
30 one work roll and the other work roll having an electrode structure
therebetween,

a backup roll generating a pressing force onto the surface of the other work
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the diameter of said backup roll is larger than the diameter of said work rolls.

7. The rolling apparatus for rolling and pressing an electrode structure as is
10 claimed in Claim 5, wherein

said backup roll has an elastic material coated on its surface.

8. The rolling apparatus for rolling and pressing an electrode structure as is
claimed in Claim 5, which further comprises
15 a work roll housing having an axle receive of said work roll inside and
a housing having an axle receive of the respective roll inside, wherein
a spacer is positioned between the respective housings.

9. An electrode structure for a secondary cell manufactured by the rolling
20 apparatus as is claimed in any of Claims 1-8, in which ions move between the
electrodes, wherein
a powdered electrode active substance coated by an ion-conducting polymer
is adhered to a current collecting material, and the rolling apparatus rolls and
presses said powdered electrode conductive substance on the current collecting

25 material.

10. The electrode structure as is claimed in Claim 9, wherein
said powdered electrode conductive substance is mixed with said powdered
electrode active substance.
30
11. An electrode structure of an electric double layer capacitor manufactured

by the rolling apparatus as is claimed in any of Claims 1-8, in which ions move
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12. The electrode structure as is claimed in Claim 11, wherein

said powdered large surface material is mixed with said powdered electrode
conductive substance.
10
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