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Working El ectrode Structure Field of the Invention This i nvem ,mmmmmmr,’mmmr
an

to a coating of an ion-conducting polynmer on an electrode s _
el ectrical conponent such as a prinmary and secondary cell, a capagbdt or,

o or - ar t ETSGtrEag SR urd o RAMGY MicniFRTSR WS Aing £ibRone &rtienr:  ode

structure o is manufactured by mxing a mxture e .of a powdered el e_ctrode'
active substance a conprising Li CoO2, powdered el ectrically-conducting -

carbon b, Reldbfgf INventd ¢ and a solvent d into a slurry, and applying
It to a current- collecting nmenber f and drying to forma conpound film g,

as shown in Flhjs in\&ntiomlatemarnbatihgmfgamibnmolgllducﬂnfg 90ern%rrom ?h

I f th ] n {- tin e . '
negat tve. dlediadsroties fof of) SeeigaLcSPRBR: SIS ArITRES HELSHHPIRARY ng
the m xt U%@Il?a@hpgbi@orpahﬂfﬁrﬁé\e@frﬁﬁdddbié lé&@r'c‘é?aéh@“ance a conprising

powdered graphi the bi nder polymer c and the solvent d Into a slurry,
applying it to the current-collecting nmenber f, and drying to formthe

conmpound fg IrER S wn, 1 N i g. 14. The el ectrode structure is designed
such thatq &P@ﬁdréﬂﬁ'esh"&&t 0 is sandw ched between two work rokls
m mas showninithefpribr akfin a mmhhﬁbnfbuttdr?,lbé positive elé@fbde’h a8 GrPareetrbls

S

filing density of the electrode active substance, However, in rolling the
el ect r ode SHuclire@ is manyfastirrddiyamnixing agnixbire ief 8 powslened electderactive

pet veen ¢ RECHEEP £B4mpBYHo CIERD:r Boield HokHESoREustha Bl A oo by o
pressure dindergpolymehe anel g 8blveht dhstolp Biiryahd applying /116 d earerti ght of the
housing p. In that case, although there Is no Issue to be resolved if such

force is cpBagting menber frand-drying to oy a sempoupddilmag@s ghawn ioFig. 181 |
Do kot 196 451 0. 13RI BB Sy SRR B ar 8, o0
pressi ng tcherept-eollectihy membardr e
A negative electrode | as an electrode structure is manufactured by mixing
the mixture e of the powdered electrode active substance a comprising powdered
graphite, the binder polymer ¢ and the solvent d into a slurry, applying it to the
current-collecting member f, and drying to form the compound film g, as shown in
Fig. 14. | |
The electrode structure is designed such that the electrode structure o is
sandwiched between two work rolls m, m as shown in Fig. 16; a roller for rolling
is used to increase the filing density of the electrode active substance. However,
in rolling the electrode structure o is such that the electrode structure o inserted
between the upper and lower work rolls m, m is pressed by being sandwiched
between the upper and lower work rolls with a pressure force generated by a
pressure device n, the weight of the upper work roll, and the weight of the
housing p. In that case, although there is no issue to be resolved if such force is
iower,_ 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 length pressing the electrode structure
0 viewing from the sectional direction of the rolls becomes longer, and there is no
-substantial change in the unit-area pressing force cdmparing to when the work
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‘0o viewing fromthe sectional direction of the rolls. becones |onger, and
there is no substantial change in the unit-area pressing force conparing
to when the work 1 600002 rolls are in the previous thickness even if the
work rolls are thicker. As shown in Fig. 15, since the conventional |ithium
I on secondary cell itself has a liquid electrolyte j filled between the
positive ablisareiethe presiousdhickpess even #ithewarkiolls argthickeri ate void | is
to be remained in the electrode agtive substa . layer (mxturegfil
flowing the e §§PPWW'P§4'9' iﬁr’oﬂﬂﬁe f’r?ecfé'ﬂ‘éed{%\"aagﬁ@!ﬂm@‘ §ﬁé%'?dfﬁ{¥é;,e“ 'trc‘ﬁgjr eby

practi cal 'I’cY?sf ?‘gg%@glé&%lﬁfg‘e filedl Betw@@WEtM_GgJositfvefblé&Hd’e Rlat thel ndgutivast ead

of aliquide yte used, the solid electrolyte just Iike the
liquid el ealectodde b appropriatelveid hisdorhe remaived in thalelestodeactiyeisubstanse

! mpossi bl dave @i i) JoHing Peorisatoideaiohistoe Eiasiile dolRbatangs.on
It is an qh'bﬁz_cegysgfracﬁ@ém,ﬁ,ﬂ&ﬁ@,ﬁihgrhst@cgn_ovi de a roller suitable for rolling

the electro ucture. It is another object of this invention to provide

an ef fective Howsvesdbasolideleatwlyteinsteadiaf adiquid glectiolteds vsed Hhersgllidowi ng

the roller.) This inventjon.is,a roller ' ' Lqde
struct ur o ShctiplvruRY B idule Bectiondh 2BBFION 2RAL0L LBl tolRERING S ¢
current codiuaandtd NEHEefore, RO BDffickdrt GufrePtdensity isatiained,| whighnmiakediitng and
rolling the electrode structure, at |east a pair of backup rolls

gener at i ngmpossibie tongraatically fiumctionias a éslbecti ve work roll, a pressuring
devi ce pressing at | east one of the backup roll toward the work roll side,
and a drive unit rotating the work rolls. This Invention still Is a roller

processi ngPlsldbsing 6Nty Riiertibh structure in  which a powdered el ectrode
active substance is adhered to the current collectin onprising a

[ nenber ,
| arge di anet eft ing@niobjest ofdhis iaventian togpravisiecs rQJ[Qﬁ@pltgblﬁkal' FQJ["PQ ing an
el ect rode [ ' tween, a backup roll generating a pressin force .
ShriEHs st Pwork 1o Sssuri ng dev

onto the smal | diameter work roll, a pressuring device
pressing the ltds lanptheridbjéctwitils titvertionlto plovidetary effestiverelettredalstructore.a

drive unit
(This invention relates to the following the roller.)

This invention is a roller processing/rolling an electrode structure in which a
powdered electrode active substance is adhered to the current collecting member,
comprising a pair of work rolls sandwiching and rolling 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 the backup roll toward the work
roll side, and a drive unit rotating the work rolls.

This invention still is a roller processing/rolling an electrode structure in
which a powdered electrode active substance is adhered to the current collecting
‘'member, comprising a large diameter work roll and a small diameter other work
roll having an electrode structure inbetween, a backup roll generating a pressing

“force onto the surface of the small diameter work roll, a pressuring device |
.pressing the backup roll toward the small diameter work roll side, and a drive unit
rotating the work roII.' .

This invention still is a roller processing/rolling an electrode structure,
wherein the roller comprises a work roll housing having an axle receive of the
work roll 'inside and a housing having the respective roll axle inside, and a spacer
'is provided between the respective two housings.
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"rotating the work roll. This invention still Is a roller processing/rolling
an el ectrode structure, wherein the roller conprises a work roll housing

having an axle receive of the work roll inside and a housing having the
respective roll axle Inside, and a spacer |s provided between the
respective two housings. 2 This invention still is an electrode structure

for an el ect rTlis prveéntiohestitl is anselecwode bruvtaes fartan electric palt wherbdors n a
powdered el ectrode active substance coated by an ion-conducting, polynmer is

adher ed t Qvechetwaean the elecrodes. wherein a pawdered glaciiodgrastivesuibstanass  he

powder ed 1( ' ﬁﬁ.ﬁ%}q ect | nber .

Thi s inve%k) ?‘?ﬁ’@??f‘ﬁ‘%&% Egzrfﬁqibg e egtaraggi(;a&gttorﬁgp ﬁrggf ?@gdgﬁae gg‘tbr@?'c part
wher e i oandrerdlieh procasseshollsther powdered eleetreda candootiler substanceonthéace

material coated |E)g/ctan I on-conducting polymer is adhered to a current

col | ect | nGUFERbeplectingIMeMheri or processes/ roll's the powdered el ectrode
conductinve Wﬁti%ﬁigﬂrbst'{lltfnﬁpél"fsr ﬁbl&%ﬁ@%%&rgggpﬁ eledlié ghﬂ%ﬂeon yet

further is an electrode ructure m Xxing a po ectrode active
subst ance iong moxefbetveen dhe lebexdtrodes, whedeinta powderesk largesuiiace abedalr i pt i on

f the Draw Fig., 1 di howi the 1 fact of | trod
O e e SoaliiEey afionsanhcting Bobmens Aeheral A Bi el e p Parher s °%°
Fig. 21s a%dgsb?are@?r%ﬁ]é%sﬁbﬁgFﬁé)gswa&féwémaﬁo&g%Bhuﬁémeaéuﬁétsﬁéé gﬁa' ly

conducti ng substance wherein electricity noves between tons. Fig. 3(A) is a
schemat i c tiie agrrant céllectingrmémber. and Fig. 3(B) is a diagram show ng an

el ectrode stryucture to be.rol)Jed. Fig. 4 i,s an jsonetric viewof,the roller
mounting a pa 'Sé?vq{gwtrfﬂﬂb%rr@.an_ g'@fj?mge Isg'u%"?%'ﬁ@grq BO\'}’HW% t he
roller noWEdtRteLsG \feoédt%iané:él flamhfa béwaefiPéleefidodé evhadctintfsutsthhice.

: i
mounting. a pair of backup rollers.” Fig. 7 is a diagramshow ng the roller
nmounti ng one backup roller. Fig. 8 Is a schematic view of a secondary cell.

Fig. 9 is a front view of the press-sliding mxer.
Brief Description of the Drawings

Fig. 1 is a diagram showing the manufacture of an electrode structure
comprising an electrode active substance which supplies ions.

Fig. 2 is a diagram of an electrode structure comprising an electrically
conducting substance wherein electricity moves between ions.

Fig. 3(A) is a schemafic diagram of the roller, and Fig. 3(B) is a diagram
showing an electrode structure to be rolled.

Fig. 4 is an isometric view of the roller mounting a pair of backup rollers.

Fig. 5 is an isometric view of the roller mounting one roller.

Fig. 6 is a diagram showing the roller mounting a pair of backup rollers.

Fig. 7 is a diagram showing the roller mounting one backup roller.

Fig. 8 is a schematic view of a secondary cell.

Fig. 9 Is a front view of the press-sliding mixer.

Fig. 10 is a front view of the press-sliding mixer.

-Fig. 11 is a side view of the press-sliding mixer as shown in Fig. 10.

Fig. 12 is a diagram showing the conventional manufacture of an electrode
structure comprising an electrode active substance which supplies ions.

Fig. 13 is a diagram of a conventional electrode structure comprising an
electrically conducting substance wherein electricity moves between ions.

~ Fig. 14 Is a schematic view of the conventional secondary cell.



“Fig. '10 is a front view of the press-sliding mxer. Fig. 11 is a side view
of the press-sliding mxer as shown in Fig. 10. Fig. 12 is a diagram
showi ng the conventional nmanufacture of an el ectrode structure conprising-
an el ectrode active substance which supplies ions. Fig. 13 is a diagram of
a conventional electrode structure conprising an electrically conducting

subst ance wheFigi n5¢$ adtanitcidw ofavsohventivegimollens. Fig.. 14 Is a schematic -
vi ew of the conventional secondary cell. 3 Fig. 15 is a front view of a

conventional roller. This invention will now be described in nore detail
referring to the drawi ngs, (a),Electrjcal conponents Electrical, K copponents
wherein ions mgﬂrzw@tmwmm&be&qs&a 61 BiorR S tefotnacte the drawngs.

i on-conducting substance is di sposed between el ectrode structures
functioning as el ectrodes, and ions mgrate within the |on-conducting
subst ance (apEledctdcal gompanents f | ows between the el ectrodes, e.g., primary

Ils, d g Ils, d I tri d I I itor. . Batt,
re char act or EIEGHIGE CORIROMEAIS WHEIRIRns Fiafta, betiBkLoBRttes e HaBn ¢ ne
positive glgef %ﬂqsnﬁc{ohuia&mgsaﬂ&apes@é H%ﬁo%&’%{\ﬁg& SHdﬁQJdéréiBgftIGrest hat an

l'on, including a proton or positive rogen ion, magrates ween
el ect r odedunctibriisg as @lecttadesy andriors mignate withirbthe ibayeandswtingisubstance -

pai 1 of | sedbal B Rt Howsrienany (o eltaEdes Sdbopidan.oaR Beorieds °
bet ween aéeﬂégén%éleélé&ﬁc ld RieVtapaditorhe el ectrode structures and an
e

el ectrolyte of t on- conducti nNg substance. (b) Electrode structures
El ectrode st r Batteries are eharacterizeddh dbatr-aniion-conducting stibstandecdispesethonent s,

d h | i cal. ch i t h d _ Fig. i g.
Show som. dweRg tha pptive AIEctie Sty nd heatte pfitinge dtucuredtlit oce
s sinpl MHa‘PéW Idiﬁ%mban@g@%&bﬁ@% F;imgéiﬁvaeﬁycrrogien JehanhRyrates Between

current-collecting ne er eas 1 and show t he structure

that the relecteodas ard iscacasmnaulated.vAR aleﬁ%@@ubleﬁéy,éfMOME I the

on- Conduccthiarr]gctgﬁlzé/gﬁ\r th%% a'nsion-conducting substance is disposed between a pair of
electrode structures and an electric double layer is formed between a large
surface material within the electrode structures and an electrolyte of the ion-
conducting substance. '

(b) Electrode structures
Electrode structures are used as electrodes in these electrical components,
and exchange electrical charges with lons or draw ions. Fig. 13 and Fig. 14
‘show conventional structures that the powdered electrode active substance a is
simply combined with the binder polymer ¢ to adhere to the current-collecting
member whereas Fig. 1 and Fig. 2 show the étructure that the powdered
electrode active substance 11 coated with the Ion¥oonducting ponmer 121s
adhered to the current-collecting member 13. For Instance, they have a
‘construction in which the powdered electrode active substance used for batteries
6r a powdered large surface material with a large surface area used for an
electric double layer capacitor is made to adhers to a current-collecting member.
'_ | Fig. 1 shows a process for manufacturing an electrode structure 1 wherein a
powdered'electrode substance, i.e., a powdered electrode active substance 11,
~comprising particles of a compbund such as LiICoO. is éoated with an ion- -
4



*adhered to the current-collecting nenber 13. For Instance, they have a
construction In which the powdered el ectrode active substance used for
batteries or a powdered |arge surface material with a |l arge surface area -
used for an electric double |ayer capacitor |Is made to adhere to-a.
current-col l ecting nenber Fig. 1 shows a process for manufacturing an

el ectrode ggndueting polyniéIeT2i dhcbis RaYE ¢6 edhelets & LUerentloblledtiy mefhberal3,
powder ed el ectrode active substance 11, conprising particles of a conpound

such as LildkegisesFigo2ishows apresessoior marufacitringdhe elgotmdeistiuctuee 1s nade

brocess. £ eI Roriarsd eldrifadec BRtace, £, inp RbWhei & eledtode 3ORE, o
el ectrode §HatdrieCt! haviRg.a fdifh SIS tht OF geapHittcotisdrd carbon ks teated with

having a formsuch as that of graphite or hard carbon is coated with the
i on- condudhpren-sengueting polymed 12s andde madestthadkeredotthe cuienteelledingect i ng

the ponderABREdS: oAuPAlfreitialgs SyPats bieud et A RERERGlROTRE" =
pol ymer anpeigowiidied efbedtodd substancdinaythe ecatedawitie theciontcoriductingn
el ectrode structure of the electric double |ayer capacitor. Fig. 1 shows

the case \ialymer aad s adbereshio therrurent-collgctisig meanbantadern anglectodsie

active su _ ' | wconductivity In the powdered
el ectr odebsg}clfc?% é’ﬁﬁé?&%“éﬁé g?égsheg%&é'teééﬁ%étogbv\der ed electrode active
substance 11 PRy 1csHowsthecedseewherthereigetricaBeondudtivity of ivsipewdetdi:
current-collecting efficiency inproved by m xin | a powder e

el ectri cal¢loctredmaciive supstance 4 ds low,. Thee B W&E’gﬂ%ﬂ‘fiﬁydﬁlthg- ;:onduct i ng
substance J4,44RY &éct@eaggsvcﬁb&ﬁﬁ%% amq Hetl86n tHE poRALHd b'é%trBBley mer .

" Coating" reters to a con erern rons can easi mgrate
bet ween t hactiversubstahoet 1 hgnd cuyrent-colecting msmbervide ieimcedased ankkthiubst ance,

o “the | poTERiwollerNg Stierancy Imeraratkby sYencoHil A Rawdered ipHeal-*The
Lot o SeRRoRG SUBBlants 14, B BB Bebkicalr Sohbutdity Bamdanes 1s
that the lmayer nay noivise edated witle theoion-canductingmpplyroegner 12. The powdered
el ectrode act j'(\fgatlsnugusrtefaer}g ?o %1stlajteecgfn&sntact 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
'1'1 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
suppressed to give greater stability by coating with the ion-conducting polymer
12, '
' If the layer of the coated ion-conducting polymer 12 is thick, conductivity
decreases and current-collecting efficiency is poorer, so it is preferably thin.
The term "powdered” as used in the powdered electrode active substance 11,
the powdered electrically-conducting substance 14, or the powdered large
surface material refers to a substance having a ﬂhe particle state. In some
cases, it may refer to a state wherein a large number of substances having a fine

‘particle state are agglomerated.



“nore 'active the finer the particles of which it Is conprised, but its
activity can bhe suppressed to give greater stability by coating with the:

i on-conducting polymer 12.. If the |ayer of the coated ion-conducting

pol ymer 12 Is thick, conduct|V|ty decreases and current- collectlng
efficiency is poorer, so it Is preferably thin. The term "powdered" as used

In-the DO\/\derE&Meqmrbégé ofiebtalgingud dbsiratsie blectrddeestRsotdy ?Qhe roller is.
el ectrically-conducti ng substance 14, or the powdered |ar surface

material rastivated:ts ralestieseleotrede struatyra % hatén@antannh@amm ayernﬁfgﬂned

2 ine | pAb g Do SRR dobe Hkfadil P Fondhe BUREHER SR o "2

desi r abl erﬁémbrqaen@wmbtmmnbthéﬂme é@héﬁVehéssb@tWéeYﬁh@ dwdérede the
el ectrode structure 1 having an application 1903/ " forme by appl yi ng
le "lSh

t he powdereiectigde-activgesusatanee 41 pndihecumens memherctﬁ aadte ng

ol oot ode MitpRsE Tho H8nShy S SWAGRARERAG BERTe BEbHEACa 1P AREIRIRT |
i ncrease tehectrbdwstructare iy hwatonventdesltstadeuradria/stracturs eoated wWith thehe

rol | ed electrode structure nay be a conventional structure or a structure
coat ed wi tipncpBAuUcting pelymestidag pol yner 12. (c) Rolling device The rolling
device at least is able to rotate and press and has a structure as shown
in Fig. 3(A). In this rolling device, the tape electrode structure body 1,.

conpri si nqc} Rgumgrdeyme col l ecting nmenber 13 superposing an application
| ayer 5 containi n t he @ﬁt tered el ectrode active nenber as shown in Fig.
g

3(B), while Ui\%lé‘? g ey deashjs ablein ralaternd peess andshas arstugierasom a

ol od by TEWRATo. B8 | I i ol BeRicd) 1S BRIOIEEFAATRELCRAT bOB) 70 ona
wi nded on cmnvprisitnmmer uuﬂreﬁtélcollebﬂng lnnember 1 8 saperppsing ar applieation laqearta
el ot r ode CONAIBING BB RAIETe RIS EoUe. Belirmemier s aHawa Ty Fig, s, Mnie | C
B ot ur o UiRde tfe %@%‘Lﬁé%ﬁﬁgﬁa&&% LR bl éf”“@"‘f‘d'ﬁﬁ%"’ﬂg' |
pre-treated by a preliminary treatment section 51, rolled by roller 4, post-treated
by a subsequent treatment section 52, and winded 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
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.

(d) Roller

An ex_émple of roller 4 is explained with reference to Fig. 4 and Fig. 5. The.
roller 4 in Fig. 4 has a pair of work rolis 43, 43 and a pair of backup rolls 42, 42
pressurizing the work rolls 43, 43. In order to generate higher pressure on the
work rolls 43, 43, diameter of the backup rolls 42, 42 may be designed to be
larger than the small diameter work rolls 43, 43. The backup roll 42 is
‘manufactured by adhering an extra-hard elastic material on the surface of an
extra-hard material, which prevent from damaging the surface of the work roll 43
due to the contact with the work roll 43. This extra-hard elastic materlal may be
denatured urethane or polyimide, and the hardness for example may be 80 or

6



“struéture body 1 may be cleaned. (d) Roller An exanple of roller 4 is
explained with reference to Fig. 4 and Fig. S. The roller 4 In Fig. 4 has
a pair of work rolls 43, 43 and a pair of backup rolls 42, 42 pressurizing
the work rolls 43, 43. In order to generate higher pressure .on the work

rolls 43, 43, diameter_of the backup rolls 42 may be de5|8ned to be
| arger t hAnonerat wwer @o%ﬁr@reﬂasgalemﬂ\asmt pwerabhé between 9PHA8. 4bhe s

o et 1 o EHGSEOL e g flafe biaR6C idtef bt BEANICTS Ronyeln RriG; ° b
work roll 3®%mdUPot<;ﬂldH’ﬁg finélastic Mmdtariahen Y sufadd, ol aindTieaseddverdely d

elastic material may be denatured urethane or polyinde, and the hardness

for exanplaffesting oa the alectedersingctare kodydrmay be @nities. D TseverkopI AL but

For exanpiAY B EEHma st onth beita RESHET By asl D B e M BT . "on  he
surface, ipplying thes E@g@ 19?6@33! éeinytheaélémamstractum bod* qcdridd §¢nrgU@t ure

body 1 nay be aomtt roll 43 nmay be a_sma stee roll, being
pushed by rpmkagﬂgﬁcgealmogtrﬁﬂ%ﬂwemiﬂdn “ﬂ?lé?émg |9élﬁbpf/thﬂge'9ﬁ@°dﬁ|3§'é'cwf@ssur e on
t he el ect rb%g&.tstructure body 1 and applying a rolling force alnost fills
the void intheé coating |layer of the electrode structure body 1. The drive

unit 45, such Tise drivetunit 48,swéhngs ahvaotarldrivirgthel folls landkthe bagkup roibusi ng 42
having an axl e receiving section of the |owe roll 42

posi t i onedosiNgA2 haying %?l‘bdﬁcﬁmﬂ%ﬁe?tlﬂn erthgié\&gEQackum@H rgr%f wor k
rol | housisuneiaifd ek BBt o P 18Mekuicd bt “Fneficirivantaikup, ol

housi ng 4 are i oned at” the upper portion of
t'he | ower Hmalslng)443),l443 bﬂhﬁlpajr éfZWorlérdlsl43 #8 andiad backup soihhabsingi4d2 ofl | ed

hous ng 435S SRRet hackiR pCERRSSEY 8 q%ﬁﬁfnqu%%i&ﬁéPﬁpa@m@%Eﬁﬁélﬁ"
t hrough m@@gr@% erA%ﬂakra %fo@ét%ﬂ(ynﬁ@%llbﬂ%t"tﬁé%ﬁéc&“@ﬁ }wk rol |

housi ng e respectiv acku ousi ng 442, eac pl aced
bet ween t recelvingesedtione 71 and the upper frane plate 415 to penetrate the
di ver 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 roller base 41 and the upper frame plate 415 to penetrate the diver
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
441 may be employed to stably be fixed.
As necessary, the unwinding core 411 and the winding core 412 are
‘processed in the roller 4, and the electrode structure body 1 is withdrawn from
the unwinding core 411 holding the electrode structure body 1, and the pair of
work rolls 43, 43 are used to roll the electrode structure body 1, thereby winding
| by the winding core 412. In that case, the unwinding core 411 and the winding
core 412 are installed on the frame 413 fixed on a stationary member such as a

housing 442, and the motor 414 is activated to perform the drive control.

"(e) Pressuring device
A pressuring device 44 is fixed on the upper frame plate 415, and the upper

7



‘441'i'n order to prevent the deviation of the positions of the rolls 42, 43.
A gate- shape frane nay 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 441 may be enployed to stably be fixed. As
necessary, the unwi nding core 411 and the winding core 412 are processed

i n the roltackup rolldusing 442 is pressed downward, bo thyatithe sippier backum réll 420 t he

unwi nding core 411 hol ding . the el ectrode, siructure bogd , and the pair of
wor k rol [ Pregses nepppeisw rl&@?lr‘o'#ﬁownwam.é}sﬂe@dea%wa&%@ﬁ@ BERSPUIE t her eby
wi ndi ng Wale e 43l Rat h 4, ndi &hit and
t he wi ndi ﬁ%ethgp ghg%'arfép?ﬁs@g%ﬁgdagh ?hg ?gsn%ﬁr%%é@%@géi%sg%ﬁ ationary
menber suadf the uppehbaskop rdiitBousing 442cambeveniy piessesabeiwarkadlli4d per f or m
the drive control, (e), Pressuring device . ressyring.device 44 is fixed
on the upddwRval: Athauchibe pirgsenng dgyiee 4 s Eostior D the pper agrtiomuin &
pressed d ’ . gt k r
hork rol | 140" A £8,5! [{fsey) B8 posRBnaBTA MNP s ndttion SPRESRERSHTR SRABET - o
wor k 1ol | ssid8 if tha.roli$areparanged ihgridentallg. pr esses both ends of the upper
backup roll housing 442 and evenly presses the work roll 43 downward. .
Al t hough the pressuring device 44 is position in the upper portion In Fig.
4 and Fig. 3 be positioned in the |lower portion or positioned in

ei t her. ﬁf)g'é’"}"rgmt rolls are arranged horizontally. (f) Driving unit The
driving unit ZFhetdrivingrunit 45tteansmits thegotating=force to asvdrkroll drivingwgear 4pSar

453 i driyi . ) k |
dri vi ng- godp A Bk and el PRt . &% natSetiey. tha v oll et afdided .
the respecinyg Haeth%h Arivihglgedr %?g'délnéwllea% thaeSpbLin Foll dxlé O

rotate sinultaneously or a ffein ro directly driven while the

remai ni ng 461 pbthearplls dorthecespactive wllitoantatg simultaneousiuor aimaintrathisousl y

2t ust nont b Shyg e B g ol ros) b3 dBPRbuBNL Brveyf by A iy

pressure figitl gimBItaREVES) withitheaeRRRIN ofthehaid rdlle to the deviation In

(g) Adjustment plate
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,
'which assures the preciseness of the thickness of the electrode structure body 1.
~ For example, the adjustment plate 46 may be a spring and a spacer, which
maintains clearances among four rolls when a pressuring device suchasa
hydraulic cylinder is extended. The adjustment plate pbsitioned between the
work rolls 43, 43 adjust a gap appropriately so that the work rolls 43, 43 may not
contact each other. The spring pushes the housings 442, 443 and rolls 42, 43
evenly with gaps when the pressuring device such as a cylinder moves
- backward. |

- (h) Roller for a 'pair of large diameter and small diameter work rolls
In the roller as shown in Fig. 5, the pair of wo}k rolis 43, 43, one roll is
‘pressed by the large backup roll 42, and the other backup roll 42 is omitted at the
| large diameter work roll, thereby reducing the number of rolls required to be three
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‘t he preci seness of the pressure and the operation by the pressuring device
44, which assures the preciseness of the thickness of the el ectrode
structure body 1. For exanple, the adjustnent plate 46 may be a spring and
a spacer, which nmaintains clearances anong four rolls when a pressuring
device such as a hydraulic cylinder Is extended. The adjustnent plate
p03|t|onedmehwﬁnwnsdesthﬂmdMeréJIs 43, 43 adjust a gap appropriately so
that the work ro

not tact each_oth Th rin shes
e housi ngs. MSTdSr48 ipTaasa e PHBsSINEEIorGacHPaIn Gl WoTk Aol Sichd pradivided
pressur | nGnfiP¥1sedameRsr :%ucf?)Hd & Aial TRt Bl < VFhE. sn(éw?iﬁﬁ{eltéf whfi rdh pai f
of large |anet snal | ter work rolls In the roller as s own in
EI gk 5, tPf:Bpn;pnessgd\hgrthed?ges%mmll 4:2:;1an(2mhda olhervpmmud dtaﬁfprﬂlhmlargege
ackup roll, 42, and .t er bac oll 42 Is onmtted at the |large
di anet er \Aﬂ)‘?l@"qt%'iworﬂ?zl &)T”&ﬂj@"ﬁge({'he number of rolls required tg be

three 8 which downsizes the roller 4. In order to increase the pressing
force, a pair of work rolls 43, 43 are divided into a |large dianeter rol
and a snul (i) Operatiosyofitbelrolléthe smal | di arret er work roll 43 is pressed by

he | b | | t h h 43 he |
i anet or vor k ASGHOWYINE: Beoth Masaiing vie ddpyshipssh8 Ak BL A2 dowt o
in Fig. 6, fréﬁﬁh@réb‘b%r BRd tH6 ¢lectrotid é!H.ﬁ:'&% 1 hﬁeh%awwb@hlthé%pé@wmrﬁ rom

the above, and the el ectrode structure inserted between the upper work
roll 43 annbllt4rﬂeandvtm lomeriwonkabll 433s |relledtpn‘0@esped>dae§edheloaeratiam@f the

f th 4. he, d he, back I I
T et to Wesaline BaBRRA4n Y BReter ot e eheninBO I et e B0 L2 Looun
150m _uni SoGnAPwhIBHEUEMERS B fifo WOHAOINS to be Aldth YB0HmSuRtared © 1

beconmes twce or 2.5 tinmes larger than the pressure in the traditional
devi ce, whmaximwprpressuregotatings cgleatmdasgtmqtuee dthacomes twiee or & imes| | 43

[ | l, h
comar 09 Radt el R6Y SPb4sBeln OB SBNGE SHbAIRPR BRI, e, o2
43, 43), témectivenassnt uherreWet Adinen Work "ol 28 comiritigtocthetdohventiohslt ween
the work rolls 43, 43 na¥ be a%justed so that

work roll may be utilized and at the same time there-Is no difference due to a roll
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 u for example by adjusting the adjustment
platé 46 of the lower work roll 43. Then, when the electrode structure 1 Is rolled
by the work roll 43, the electrode structure 1 is inserted as the thickness of the
adjustment plates 46, 46 of the upper work roll and the lower work roll may be
adjusted making an adjustment for the work roll bending in order to uniform the
thickness of the entire width of the electrode structure 1. In this case, the
backup roll 42 may be designed to be a drum-shape (a roll with a clausing
treatment) as shown in Fig. 6(B).

Fig. 7 uses three work rolls, wherein the lower work roll has a larger _
.diameter and is hard to be bent; the upper work roll has a smaller diameter so as
to apply higher unit-area presSure on the electrode structure 1; pushing back by
the backup roll 42 adjusts the amount of bending; and a uniform large pressure
may be applied to the electrode structure 1. In addition, the adjustment of the
thickness of the electrode 1 and the adjustment of the spacer may be facilitated. |

Under the above-condition, for example, the thickness of the electrode

9



the entire width is to be about 80,2 for exanple by adjusting the
adjustnent plate 46 of the ower work roll 43. Then, when the el ectrode
structure | is rolled by the work roll 43, the electrode structure 1 is
inserted as the thickness of the adjustnent plates 46, 46 of the upper
work roll and the lower work roll may be adjusted maki ng an adjustnent for

t he work rsirlictorndipriorito tieg eblling 13 s6titb oM 50g  ahdithé gapofdhe Wurk esll white
wi dth of the electrode structure 1. In this case, the backup roll 42 may

"be desi gnetblllng isdoebealBﬂm.sMps: atknowledgedithatthel thwimngs of thenelestrofleas shown
In Fig. 6(B). Fig. 7 uses three work rolls, wherein the |ower work roll has
a larger giractreaftaneling regaing ankbegemes desirabl®dPOwuork rol | has a
smal l er diameter so as to apply higher unit-area pressure on the el ectrode
structure 1; pushing back by the backup roll 42 adjusts the anount of

bendi ng; an’PWd%héﬁ[a[&#@B?eac%%iﬁﬁ%&m@ay be applied to the el ectrode

structure he "adjustnment of the thickness of the el ectrode

1 and the adj Tepowdered dlecttode activegubstahes imay bé edmatérid wHidtepermits
above-condition, for exanple, the thickness of the el ectrode 9 structure 1

prior to t Insertign am@;sepa@élpntaf iors, 8@ Ut oanjugaled gledlricallyecanductingl | . whil e
rolling is tf be 80@1 it was acknow edged that the thickness of the
el ectrode PS¥MRA? "Q*ter rolling regains and becones desirable 100 u .

(j) Powdered eftiepdiPHs p%?ﬁdul& Iﬁﬁﬁ‘éﬂcﬁﬂéﬁ tﬁ@@lé&ﬂ%@r&qlv@rﬁﬁfehgﬁﬁs@&hs%

substance may be a material which permts insertion and separation
i ons, or aposmveelﬁqhmheeu seheaqueaus plaotiodytic battery pbutjindhe caseof al . Ther e
is no particular limtati nonthe anctrode act | sed a(ithe

sl i o tehefbeAtiB seBbhdAn Chik ARlsea GipBSund BerBithd fsetiai a8l tnee

of a rechgggmaabibR of AMIRAbNS ©?b|corﬂpléﬁ%h§m NCCIMSOUIH 86htaIrIRg thium
I nsertion and separation of hi um i ons or "a conpl ex chal cogen conpound

cont ai ni ngmaytfer Bmﬂmbetblsedxanpl e be used. Exanpl es of chal cogen
chal cogen combRaLed Sk BunkBrgn oS ArS FeT Sz Moy HibleoRaPes ang
repr esent eMnD,. LiBddnydibs WP ¢halbgen coimpoutids corftaininitelitAiRimlare LiCoO,,
lithium complexes represented by LixNiyM4-yO2 (where M is at least one metal |
element chosen from transition metals or Al, but preferably at least one metal
element chosen from Co, Mn, Ti, Cr, V and Al, and 0.05=x=1.10, 0.55y=1.0),
LiNiO;, LiMnO; and LiMnz04. These compounds may be obtained from the
.oxides, salts or hydroxides of lithium, cobalt, nickel or manganese as starting
materials, mixing the starting materials depending on the composition, and firing
in an oxygen atmosphere at a temperature in the range of 600 °C-1000 °C.
There is no particular limitation on the electrode active substance used as
the negative electrode in a non-aqueous electrolyte battery, but a material
permitting insertion and separation of lithium ions may be used such as lithium
metal, lithium alloy (alloys of lithium and aluminum, lead and indium, etc.), and
carbon materials. o "
Examples of = -conjugated conducting polymer materials are

polyacetylenes, polyanilines, polypyrroles, polythiophenes, poly- o (para)-
phenylenes, polyc_afbazoles. polyacenes and sulfur polymers.
In particular, in non-aqueous electrolyte primary cells, a large battery
capacity can be obtained by using lithium metal for the negative electrode. '
10



‘el ement chosen fromtransition netals or A, but preferably at |east one
metal elenment chosen fromCo, WMh, Ti, C, V and A, and 0.05Sxs 1. 10,
0.5sys 1.0), LiNNQ, LiMO02 and Li Mi204. These conpounds nay be obt ai ned
fromthe oxides, salts or hydroxides of |ithium cobalt, nickel or
manganese as starting materials, mxing the starting materials dependi ng

on the conposy.dan bl | : ; turein .
t he range of '80’?)&2&q?g(8%§ Eféc‘lﬁ‘lvyrtéegleg&r\]&; ar't| F%ﬁgﬂ%ﬁ'ﬁ tcg%llegﬁégﬁﬂt e‘g
el ect r ode obtained byulsing carbarsevdterials Whichpemnit inseeticre anddeparationmafn- aqueous
i thi um | JRURES B8 RRGRING ARCHR0G: « FRErR 1o BRTICHRE ATARaRIoR MEAarDg8 of
l'ithiuma Ui i | | :
Exanpl os. dfey i exaplos BB lrbi: eBkdh okos Hifih £t Hecd Bokéto? |
pﬁl ya;:et y Ipetedeumn aoke))igrapbites, gldsspganbohs sorgaoic/pdlymen eoeypoynd firingy ( par a) -

: I b | es, . d | f I | i cul ar,
' non: aqaireicté (Bmdifs Satayted iy Fiod and carbpaiziig Miencltyesios ket an' be
obt ai ned s AT r | Mf 10 In
non-aqueoﬁés@ gg?’réo Iﬁ%@g@%@glﬁl%?'cﬁrpgvq@%ﬁggggcﬁgﬁgécyc ‘e life can be ,
obt ai ned by using carbon materials which permt insertion and separation of.

l'ithi umﬁz tEe ae’g%i(ive el ect&o%e. Th.re_|is no particul ar Iim’tation on the
car bon kLEpwdered slegirode Supsiance, wi Y #i'RrA8F AL ¥GRes (pitch coke,
needl e coke O goWéréb EBtRILIUbIARE WithSa ﬁﬁ%e;@fﬁrféé’é BRSPIs #peRbefedPo! ymer

conpound firin products (products obtalne I ring and carboni zi ng

phenol i ¢ dargersurfaoe material thatasnay deaw anany ioasion thahparfacar e), carbon fi ber

and active cagbon Powder el ect rode substance with a.large, surface
rea A povebiedret b AceTef e siahe mateia Ryt calior mate LA,
powder ed gpRtHR stitfadcaieBRf SOOM/d BRMJFBY prTErabIPT000Rfg dimbratangur f ace. .
A preferable powdered |large surface material is ,a carbon material with a

speci fi c dJoorepreferably imbstpmieraplyol 568még-300net/gland arevenage particler e, and
i et er | Shardgtey o agn Teadied, delarabl 5 3030m AhersRecfiiamas Saans arca
and the average particle diameter outside the above-ranges cause a large

electrostatic capacity and make it difficult to obtain an electric double layer

.capacitor with a lower resistance.

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

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

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

~_polyacenes. One of the above activated cérbon types or combination of two dre
| more activated carbon types may be employed. Phenol activated carbon, a |
petroleum coke type activated carbon, and a polyacenes are preferable since
they provide a larger electrostatic capacity.

(I) Powdered electrically-conducting substance _

‘The powdered electrically-conducting substance increases the electrical -
conductivity of the electrode structure, there being no particular limitation thereon,
but metal powders and carbon powder may be used. As carbon powder, |
pyrolytic carbon such as carbon black and its graphitization products, artificial -
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‘the dverage particle dianeter outside the above-ranges cause a | arge

el ectrostatic capacity and nake it difficult to obtain an electric double
| ayer capacitor with a | ower resistance. A preferable powdered |arge
surface material especially is an activated carbon resulting from .
activating the carbon material such as by a steam activating treatnent and

a fused K@ndsatursltscaty grfafpﬂitﬁqmwdéfhéné@brb@i filfer ey h@@réﬂ'ﬂtlﬁt%ﬁ" e may be
pal m shel | activated carbon, phenol activated carbon, petrol eum coke

type acti Joductsamvsuitahle.of h@@tpms:@f tb&sg@ﬁrbcamﬂowggrw@areéso beusedi the
above activated carbon types or conbination of two ore nore activated
carbon types may be enployed. Phenol activated carbon, a pet r ol eum coke

type acti \(m)Eldnib@hﬂuﬁtlngldey@n@m yacenes are preferable since they provide
a larger el ect rostatic capacity. (l) Powdered electrically-conducting

subst ance TheTheigr=cendusting mlqurys agqeiyreer which aan disselveratleasidbet he
el ectri Ca'mhuﬁﬂ{‘géifst aaéﬁeﬂf hé£8ﬂ§¥ gfé c@ﬂﬁeﬁt}% of &t 1eh le L9EH P B O&ggg they be

particular TTm ereon A A GAR A Ooh

used. As qulyiner ponining trwmwimhlsalt@rdmn&mﬂatm of &t heast Q). ammamb ahs
graphltlzatlon product s, artlfh {31 11 and natural scaly graph| te powder ,

and car borPletgeal eanductivity gf 19 ea8)/ c’BrﬁSd%@‘ste"mQSa%?{ aBligto Rext ures

f th Th
Pon condudiirigaftf préfoReltabirEofidiing Bhier disdives of eBfliiEh e
(ol eal 15t Pt wrer dﬁgﬂﬁnmhﬂ'\fa e %2??";?"‘33‘?;%%’52?1??2&2” of
at | east @'ﬁé}e ﬂ'gﬁﬂ'%@ecgw?y bg ?g'ﬂl' gh‘d\‘ Bt re GP"‘B%ath?m enens) /cm at
room t enper at T'ﬁgil}ﬂllt:m' SQaAItlQ éf‘feaéﬁ{an{e' t?gé 'Il?hl l@‘h@(a‘ﬁrﬂeﬁﬂngﬁ b?(?é). ¢ eént 34 ion

| on-conducting p | Ssol ves um  sal

of 0.8M 1.PH{, Asy r&lsEH’tGﬁ@@QIqrrtﬁiFasdh)tN asamitm ng an el ect r| cal
i Vi -3 Slc S/ cm at erature The

duct 1 t hi | t
To at | east yoﬁéef%somucr w@mr@wm{ e aubstangemiich praducasihg >
ASFS, S0 fon SHAGGRURS pbBTRATE) GHss bk B When sPargPR U5 e%émaﬁyr. raw

material is a s uces
The energy may be heat, ultravnolet Iight hght or electron radiation.

(n) Current-collecting member

The current-collecting member should be a substance which easily passes
electricity. Its shape and material are selected according to the electrical

' components involved, and as an example, it can be formed by fashioning an

electrically-conducting substance such as aluminum or copper into a plate, foil or
‘mesh.

In the case of a plate or foil current-collecting member, one surface or both
surfaces are used according to the structure of the electrical components and

“the powdered electrode active substance Is made to adhere to one surface or

both surfaces.

(o) Secondary cell

The secondary cell comprises the ion-conducting substance disposed
between two types of the electrode structures 1. The secondary cell is formed
by introducing a liquid such as the electrolyte 14 between an electrode structure
101 of the positive electrode and an electrode structure 102 of the negative
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.ion-conducting polyner by cross-linking, etc., when energy is supplied
externally. - The energy may be heat, ultraviolet light, light or electron
radi ation. (n) Current-collecting menber The current-collecting menber
shoul d be a substance which easily passes electricity. Its shape and =
materi al ‘are sel ected according to the electrical conponents involved, and

as an examcﬁﬁodé aﬁﬂfﬁn@ﬁosﬁﬁg ERsbpitator iy Wn&henﬁé@@héwn&bi uxmpuumt ing

substance such as al um numor copper Into plate, foil mesh. In the
case of aFig.28(&)or Aitematwelyr iris famed:by diayqsmgae solid @éeo;tmlyta@@b@tans@t h

surfaces are, used accordi th ts,
and the suehERcn BEGiilinghdel sBEeEn the BB AL FEMEHRET °
surface oposiivielbléstiéds aAd the blevtroriedstiuctar) 107 betiresegativeyelecirbds aspr i ses
t he I on- conductln subst ance di sposed between two types of the el ectrode

st ruct ur eshownrind=ige8@®)dary cell Is formed by Introducing a |iquid such as
the electrolyte 14 between an el ectrode structure 101 of the positive
el ectrode and an el ectrode structure 102 of the negative 12 el ectrode, and

di sposi ng (p Eéﬂﬁb@id@fnleﬂéyb?bﬂp@ﬁtdrhem as shown for exanmple in Fig. 8(A).
Al ternatively is formed by disposi ngag solid electrol yte substance

such as an i o'hhe elealide dagbledayersapasitos mrn?én@neeﬂm yatch tha pewseregh1 of

the posi Lr gative
el ectr odetlééGé @Tgé&i? '%%F%FJS% g%% FA W%%gct T c %gieerstgcl'g%gﬁl tor The
electric mkdyb%stmﬁldl?oéwbmmﬂmwir oheleOtmdile strutheegowder ed

| arge surface material |Is used to forma pair of electrode structures and

an electrolyte substance is di sposed between the pair of electrode

structures. i FARA o ndTPHERRNY thas BIEABAR SRIAGHS il s Vil now

be described I"'ec struc he powder ed
el ect r ode degeribedsubst ance i s used as the powdered

(a) Manufacture of electrode structure
If the powdered electrode active substance is used as the powdered

“electrodé substance, to manufacture the electrode structure, an extremely thin
jon-conducting polymer or ion-conducting polymer réw material is coated on the
surface of the powdered electrode active substance11. Next, a solvent is _
added to liquefy the mixture into a paste which is applied to the current-collecting
member, and dried to evaporate the solvent. Alternatively, the solvent can be
added from the beginning to make a paste when the ion-conducting polymer or
lon-conducting polymer raw material is coated. If the powdered large surface
material is used as the powdered electrode substance, the same process applied . |
with the.powd'e'red electrode acth)e substance may be employed to manufacture
_the electrode structure.

In this process, a minute amount of the ion-conducting polymer or ion-
conducting polymer raw material is used, the particle surfaces of the poWdered
electrode active substance are coated with the lon-conducting polymer, no voids
are formed, and gaps in the powdered substance are reduced.

To coat the ion-conducting polymer or ion-conducting polymer raw materiél
on the powdered electrode active substance, the ion-conducting polymer or ion-
-conducting polymer raw material and the powdered electrode active substance
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‘el ectrode substance, to manufacture the electrode structure, an extrenely
thin 1ion-conducting polynmer or |on-conducting polynmer raw nmaterial is
coated on the surface of the powdered el ectrode active substance 11. Next,
a solvent is added to liquefy the mxture into a paste which is applied to
the current-collecting nenber, and dried to evaporate the sol vent. -
‘Al t er nat i varbypressslid ddgether torobtain agutdsstshid produot. begi nning to nmake a paste -
when the |on-conducting pol yner or 1on-conducting polyner raw material |s
coated. If the powdered large surface material |s used as the powdered

el ectrode 1ekAinkhe sanme process applied . wth the powdered

el ectrode S’Zﬁ&é}ggﬁ‘ﬂg ance may be enployed to manufacture the el ectrode
structure. | nPréssssliding ésthe actiunmﬁsindmg)whﬂe q»fessmg nuxtuowdlﬂ@ﬂthwlqml ymar

the. ponder@induilid pRPment? ot the s rstedeCptine don-sandicing RS- Rt | ng
POL YT . c\SiiforodsRbSIHERCH 1 RANGS ArlekiBAITURE ShpbbaIANE 2 e

r educed. l'on-conducti-ng pol ymer or |on-conducting polymer raw
mat eri al roixtures secthdtthay edhereto dachatherand tha pardicles todatepand dhiduct i ng

pol ymer or_ion- ond ctin ol r.ra terial o§dered el ectrode
active sutgrpﬁﬁﬁ%F org?eépfﬁ%gfiggh °¥¥éﬁjaﬂﬁfres?§?a[j§\9ai? dgc ress-slid
product. (b) Press-sliding Press-sliding is the action of sliding while
pressing m xtures 10 of the ion- conducting polyner 12 or the raw materi al

of the ior(@E’nel&saslidiggminmw 12 and the powdered substance 11 toget her .
An ext er nal ce |s a I|e 0, t m Xt ur es coh ach
other  and t he Th&RPEy SEApg e w6 8BpRS I FID. 4. rthet B, 18 cEar y
to obtain tﬁe%ﬁ-’%&néhbﬁ@ﬁoﬂh@uﬂ or i@ﬁaﬁhﬁ?éiéﬂéﬂw%ﬂibBbWGér&‘@ubstance -
press-sliding mxer Is's for exanple g m xture 10 of

the Ion- cohﬂmthagmpturgﬁ@rcomp@singttbismbvtdratam alsblmenhortha Bewisr ed

subst ance n or
Fhos once inbdaydl i el iApe 20, SRTRG BB T A2 K R At A
rotated. Thetweehsa BagsR11ftheeontaimes®! 2Ad atbottdia stffatsiofdhe Alain biade
bottom surface of the main blade
When the main blade 22 is rotated, part of the mixture 10 enters the space
between the base 211 ‘of the container and the main blade 22, is subjected to
press-sliding, and is kneaded. This process Is repeated so that the ion-
conducting polymer 12 or its raw material coats the powdered substance 11.
A press-sliding mixer 2 may if necessary be provided with a dispersion blade
-23 in the container 21. The dispersion blade 23 is rotated at high speed to

disperse the press-slid mixture 10.

(d) Container
The container 21 is provided for holding the mixture 10 which is press-slid

and stimed. The bottom surface of the contalner 21 may be such as to permit
press-sliding of the mixture 10, and may be slanting as in Fig. 4 or flat as in Fig. 5.

For example, if it is slanting, it has a bottom part 2111, and slants upwards from
the bottom part 2111 towards the circumference. The center part may be
situated in a low position, and have a slope rising towards the circumference.
‘The bottom 211 may be formed in the shape of, for example, a grinding mortar,
and the angle of the bottom part 2111 may for example be 120 degrees. The
bottom 211 of the contalner is wear-resistant, and is formed by thermal spraying |

14



22.: WWhen the main blade 22 Is rotated, part of the mixture 10 enters the
space between the base 211. of the container and the main blade 22, is
subjected to press-sliding, and Is kneaded. This process Is repeated so
that the ion- conducting polymer 12 or its raw nmaterial coats the powdered
substance 11. A press-sliding mxer 2 may if necessary be provided with a

_di sper si oRyith tafgstendst ¢dtbidecusingSUSEr PRiral Bdttordipaperast 1dnofathisliypainayg
rotated at high speed to disperse the press-slid mxture 10. (d) Contai ner
The cont aialsser be formedenhelbattont sWdes.ng t he nixture 10 which is press-slid
and stirred. The bottom surface of the container 21 may be such as to
permt press-sliding of the mxture 10, and nay be slanting as in Fig. 4
or flat a%ejﬁlaﬁiﬁlad@- For exanple, if it is slanting, it has a bottom part
2111, and slants upwards fromthe bottom part 2111 towards th

ci r cunf er encelhermaie dlade 22 functions tegether with tbe hattom sutiace of ﬁ')ebn, ‘and have

The. shape ONingr 2T, &ivind lo pras s RA Sy e miltate. PIn S o R0 22080, o
part 2111 shpft i§ attachédin & positibtOcoteesporsling teethetimattarmp2iti2 b1 ofithecont ai ner

Is wear-resistant, and |Is forned. .ther spraying 14 with tungsten or
carbi de u<SORRIRRI21 psmmMmf%@xamﬂ?%mFb-%h .'%lﬁ'ij eﬁ&’f%"@?&?*%?gs %e

fored on 4 4e.1be haM AR front e BoloBat21The "MhanbliAbtadi?od sy | ons

t oget her m surface o contalner 21, serving
press- sl i dongprsesting blables mttached fronh the benten partsasteovz jn Big. KB, toriits

attached in a position correspondi t.o the ttompart 2111 of the
cont ai ner MAY SAMPH§RA 'ﬁfﬁere’%gﬁﬁﬁ'éomaﬁp& €.§¢ gﬁor & depgPding QS ds al ong

t he bo“%eﬁntté}ﬁib@gt@irﬁﬁury omthe bottompart 2111. The main bl ade 22

may conprise two es attached fromthe center part as shown in Fig.
9(B), or it The rotatipnispeed dfdheenain bidade, ief, the mimberafgotations,israst éow,

o bl 2gdOF PXAITple et S, FBIOr 985, e Biess-S1ingl8 Hegtardkl extnpl e t o 120
rpmor less, yheyapHstweshitHb Botlom BEffAcE BPthe container 21 and the base

surface of the main blade 22 is set as narrow as is necessary for press-sliding

the mixture, for example 15 mm or less. '

Thé surface in the motion direction (press-slldirig direction) of the main blade
22 is formed so that a pressing angle 6 relative to the-bottom surface of the
container 21 is an acute angle. For example, if the cross-section of the main
blade 22 is a reverse trapezoid as shown in Fig. 9(C), the pressing angle is from
3 degrees to 70 degrees. The cross-section of the main blade 22 may also be
circular or have a rounded corner as shown in Fig. Q(D). The material of the
main blade has wear-resistant properties, and is formed for example by thermal

-spraying with tungsten or carbide using SUS.

If a surface Iin a direction opposite to the motion direction (press-sliding
direction) of the main blade 22 Is formed for example effectively perpendicular to
or at an obtuse angle to the bottom surface, the mixture 10 can be collected
around the main shaft 221 by rotating the main shaft 221 in the reverse direction.

(f) Dispersing blade N
| The dispersion blade 23 is intended to disperse the mixture 10 which has .
. been press-slid by the main blade 22. The dispersion blade 23 is disposed In a
15 '



‘The gap between the bottom surface of the container 21 and the base
surface of the main blade 22 is set as narrow as is necessary for
press-sliding the mxture, for exanple 15 mmor |ess. The surface in the
notion direction (press-sliding direction) of the main blade 22 is forned-
so that a pressing angle O relative to the. bottom surface of the . -

cont ai ner PEsition afwhichithe amigtuse 1Brarche dispsrsed, ansit rotates atea higlnspged he

Thol'e s Sisfiad,Podh sBHE 3. (PRERTlrs Ak e tofedart tnd Jork pobitfetitie™ "L ' 1
22 may al gpififer 2 of tsdawihaletiat coated ovil et pariele SHfadeRVor the poveder8dD) . The
material of the nmin blade has \/vear-re5|stantogerggert|es, and |Is forned

for exanplssibsiancect hiiniforsply sisnayses through dhe wh thenpewdersdgpbstance.f a

T Lace il ARG b RRTAEINsSa SR el b 208 2 A "0
per pendi clade 22 wigen i firim niixihg 7 lowdl#y dispéfstorband eendsitd bé enuhliermibdt ure

10 can be co| lected around e main shaft 221 by rotating the main shaft
221 I n t hdX rsﬁ‘%lﬁ\seélf%'%b%?-b%www Qné%%mﬁl'é Sbﬁaﬁe?rkq’fdheﬂﬂa@e 23

mai bl ad 018 2% BT e Safiefrif Ing ny i Moo RFFfeyBAERT Adhdkich ofy'®
whi ch t he the area sufrbundingithedhaipstaf22ind it rotates at a high. speed

such as 1000-4000 rpm Due to this high speed rotation, the ion-conducting
polynmer 12 or its raw nmaterial coated on the particle surfaces of the

powder ed Qgﬂéﬁ&pg?p%gﬂ%"ﬁ mi)\(erdi sperses through the whole of the

powder ed stanc ure adheres on the area surrounding the nain
shaft 221 of Aldescription bf ikcoperatibarusing fher presssslidimganixeo of Eigiyl Galsger si on

"and tends. to, pe. ununifornmed | Xi ng. The dispersion blade 23 is positioned
on't he. i< Hamil DO b GRRB. iR Prass:ading MXGH B SuRporE raas PRBRhe dr y
m xi ng st | fqr ' '

hat {221 PRSI 2UCHRboritafhel 141A7 rélSed b Aiflo 2, BB Epnirpfied BU 3. o,
usi ng t he contrekpaheél@,mg m xer of Fig. 10 and Fig. 11 will now be given.

The press-sl| Iglirs"{?thng f)(c()avrvdlersedS gt?@s?gﬁgg 1 ??cgntgfﬁ?ﬁé) ratniar(li‘%litive) is measured out,
and introduced from a powdered substance input port 34. In an automated
system, a measuring hopper or the like is installed above the powdered _
substance input port 34 for storage and measurement, and a valve 341 of the

| powdered substance input port is automatically opened by an input command.
Simuitaneously, to eliminate measurement errors from pressure rise in the
container due to introduction of the powder, a dlscharge port 32 fitted with an
aspiration filter 322 is opehed alone so that only air is discharged.

Next, a valve 331 of an input port 33 for the lon-conducting polymer or its
raw material is opened, and the polymer or its raw material Is measured out _
manually or automati'cally and introduced into the container in the same way as
the powdered substance. After introduction of the powdered substance andion-
‘conducting polymer or its raw material is complete, the input valves 331, 341 are
closed. Further, if warm water at 30 °C is recirculated through a jacket 213 of

the container to promote wetting of the powdered substance and the lon-
conducting polymer or its raw material, the wetting efficiency can be improved.
However, when a penetration-assisting solvent is used, processing Is performed
at ordinary temperature. |
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“pl atf'orm 24, the container 21 being raised by a handle 241, and is
controlled by a control panel 25. First, the powdered substance 11
(containing an additive) is measured out, and introduced froma powdered .
substance input port 34. In an automated system a neasuring hopper or the
like is Installed above the powdered substance input port 34 for storage
and. -neasur eneNext, dmal nwain ahotor 222 isfotater atomlave speled obabaut ¢0irpmy,theport 1s

automatical ]y opgned by an inpuf co nd. .Sinultanepysl to el i m nat
s enoTDPOLLOF therieRreondbibting PORTIGT anilS AP EMTAL i A ROWIRTEBauct i on
of the povgy ' g | ' | ! | 322 is
opened gl onesgao'ﬂzteﬁg?ﬁ gn gﬁ‘%lBrvafeS&g'fﬁsdcl&%tf%gﬁuﬁ'ﬁgg&ftg@&gp@%ﬁgﬂ}l‘f gh Hgﬁei npu!t
port 33 f anainteade22¢ andiheilonycondycting polyimes or itarawanaterial graduglyned, and

and | nt ockaclRe |0 PP ISR PavroR SUPRECH e AySES the reseEidd o

subst ance mirgf1d AEOGY Thé BBnindT1R tRE WBT e MRS 22 thd MguRPTILCt I NG

polymer or 1ts raw material 1s conp , the Input valves 331, 341 are.
cl osed. Fuali downiffomabovadhe centerimroaf the cantainer | andea tuimingigversagtintk et

213 of the, container, to note wetti of th owder ed. subst an and the
on- _conaUBKER BlagENg fap SoPATHET Sl ssrie BrchfpBREeT | THiTRRbRERA, “Can be
i mpr oved. repﬁléﬁ‘l‘{'eﬁo thab fiis WhBRWibitard iSunRMAL predssiidY e Alfter Fepéatthg the
processing I's pérfornmed at ordinary tenperature. 16 Next, the maln notor

222 | s rotagtien far approximatebed hourdbeuotatonrspeed ofthe maintshaft 221 éF t he

pr ess. oi 1 e REmBuel nci¥a<ERl & 06 miE Bnl VREWEBINEEqr PR BARURET | °
bl ade 22, fyHaé Rsadhedt eifsuively alf SPIhs &irfae ared, & VAcTBAEHUMD IBIOLA! | Y
begins to penetrate the powdered substance. At this tinme, the press-slid

m xt ure 1olegassing.port 36 ig operatad: a degassingivalver 38 his opened|ansedegassi

. . m&
furning oJspeliolef i 2 i8F3Ba3urabolt ERBYET IRRiheliotdt” i Hidhh Biide 22¢ °
ci r cunf er giress-shides thesmixtoral @ hileaisgassing is perforinetingo whstting aingt ure i s

uniformy press-slid. After repeating the action for approximtely 1 hour,
the rot at iRanelration dispersiongfithe deprcondyatingspolymer or its raw material in the

powdered substance is promoted. Here, care should be taken when a low
boiling-point solvent is added to the ion-conducting polymer or its raw material to
‘promote dispersion in the powdered substance, as the concentration or viscosity
of the ion-conducting polymer or its raw material increases and dispersion
becomes difficult if suction degassing is continuously performed by a high
vacuum blower.

When penetration degassing has reached about 70% after degassing for
approximately 1 hour, the dispersion blade is rotated at 2800 rpm to promote
dispersion. | |

(h) Application to current-collecting member

The press-slid substance which has been made into a paste is thinly applied
to the surface of the current-collecting member. After application, the solvent
evaporates and dries to obtain the electrode structure. The device which
applies the press-slid substance to the current-collecting member may be a
'doctor knife applicator. The applied electrode structure is applied to the tape '
current collecting member as shown so that the applicatlon layer at the '
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“aut'omatically or manually increased to 60 rpm and when wetting of the

m xture 10 has reached effectively half of the surface area, a vacuum punp
353 of a degassing port 35 is operated, a degassing valve 351 is opened,
and degassing is perfornmed via a filter 352 for about 1 hour. In other
words, the main blade 22 press-slides the mxture 10 while degassing is
per f or med,respeoti¥et électradalis iseladed it Fign 3@xper si on of the ion-conducting
polymer or its raw material in the powdered substance is pronoted. Here,
care shoul d be taken when a |low boiling-point solvent is added to the

I on- condu BB t material to pronote dispersion in the
powder ed gé% mﬁg’e e'%nggc%en‘{:g%vtratlon or viscosity of the

i on- conduct i n@hpelgotmdecstrddtlsrer‘hw|smebbeweerntheeneﬂerodisel3chmp43,samstall

b diff I | erf db

P acuum bl daBsoNJensior e ARG Bl SyatoRTd, 20k % dsesian 2 BEuind) e papledtc

degassi ng th@lele ARIHLIEIGIR ¥ botWESH thd UﬁYﬁHoﬁrﬁ)q*F&léPQ 58| 54 S Vﬁéﬁ% at
h) Applica 0

2800 rpmto pronote | sper sion. tTon to current-c ecting
menber Thdurqerlesb;fteld io awlaktdmmthaiemrmﬁeeiaadnvemu'eextmmely lowsspeeds t hinly

lied f f th
P eat i othert RS Ubp8EHackup, i folishid 425 Hnd Be' (HbeTHRaRlp sl 42 bsgin toyc
structur eOTEW@ déWﬁWa‘Pd \Woeab tha@g@mbﬁ Bﬁtrﬁrﬁ%s&r‘mgjdéw%t amme dpperhe

current-collecti nﬁ nber ma doctor 'knife applicator. The applied
el ect r ode backuptroll 421and:ivel umw;ertvmrkrrelmapmakearlir@mormct andithg uppeber as

h h 9
ool at od o ol 33BBetneR WifipeUiiparbacklls soi AR TRRIE AnimEKS Sobiare
structure 'ﬂhéubﬁeﬁsﬂbrkh%ll‘@ébﬁtﬁéts"tﬁéhﬁg@ rlséirfade ¥f the' lecrddesstalcturet £NsSi on

(tension at the stand by state and 0% tension at driving) is applled to
the el ect rtbr,aa edls eontact andyellyié the rolls mave downyard fugher by preassingithennen t he

| ow spocd SPrrele et yiark S 4 a1 OMaE Wi s Suffhby RR i oo v L)

roll 42 bEtSHdkubCroll 4RV e Adayvraultd folireroll® syhehronzeadndbe@in toltAake ke rpimg
devi ce. The upf)
operatio

The pressunng device 44 such as a hydraulic cyhnder further pressurize the
upper backup roll housing 442 with the predetermined pressure, and roll surfaces
of four rolls are evenly pressurized. '

If the work rolls 43, 43 intenéively rotates the electrode structure 1, the
application layer 15 and the current collecting member 13 are compressed
together to be compressed and expanded in the cross direction to be deformed.
On the other hand, a layer wifhout the application layer 15 is not compressed,
and therefore no compression occurs. Accordingly, the boundary section
between the application layer 15 and the layer without the application layer 15
brake and the strength is decreased. Limit of this tensile force is considered to
be about twice as the tensile force by the unwinding roller 54.

If the tape electrode structure 1 is rolled, the pressing force on the work rolls
43, 43 is increased, and the best rolling with high compressibility prior to the

-breakage of the electrode structure 1.

The conventional roller is comprised of two work roles without a backup roll,

“and the pressing force may not be increased due to the distortion of the work roll.

. On the other hand, the roller 4 in this Invention is capable of rolling the electrode
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"backup roll 42 and the upper work roll 43 nmake a line contact, and the
upper work roll 43 together with the upper backup roll 42 rotate and nove
downward. The upper work roll 43 contacts the upper surface of the

el ectrode structure 1, three rolls contact and roll; if the rolls nove
downward further by pressing the spring, the lower work roll 42 cones to
contact wstycti8 1Sunitil ¥re@ks and todmtain thé%tstrddé $trdcture”s with iignl t,  four
rolls synchronize and begin to make | ow operation. The pressuring
devi ce 44 Qoamreasb&tmw;mthe;btgahageethqreby nbtaummsmgh elestrode demsity engackup

roll housi 4 t redeterm ned pressure, and roll surfaces of
four roll ﬁ&eieétf’ﬁﬂ@‘@@’gﬁn zed. If the work rolls 43, 43 intensively
rotates the e %Iﬁﬁg‘ﬁtéére'éﬂ'bdé%trlmtﬁrbq uﬁnglthe%u@m Rt inventioys| thee
current collec menber 13 are conpresse t oget her to be corrpressed and

expanded |der1sm§oé elegirodestrvisture inereasesr nke efactiogde dansity inereasea | ayer

conpr essi dneaicap iraate b a2 ot THPER YA powdRfed fBcFopkEcRle

appl i cat i Gubstires W tifndlectrodbatricturetdrlbetiveenathplpowiered elextideldctiver ake
and the strength |Is decreased. Limt of this tensile force is considered to

be about ts\Mb§ r&eamieth@emwereﬂoeleetrwe eardyeting-snhedancs indhezlectrade he t ape
el ect rode Eur gjﬂ te%u!)t r{tﬁé‘%ﬁ%bﬁoﬂhﬁﬁéﬁ%é}é)a&&&geé heAY‘ﬂ{é%érﬂel s 43,

43 1s Incr conpr essi bi prror to
the -br eakﬂ@,ahefaré@ef eontact bémeérrthetcumerit coﬂbetmg)membemtd mé ler is

~conprised of two work roles, without a backup roll an He pr ssing force
may not bédowsared slectipde QQSiVﬁrfé'hﬁt%@Qﬁ@ﬂ%ﬁh%POWFléf%ﬂ?CV@ ¢ con C‘!’Kb ot her
hand, th de 18
ctruct ur o SEBEieop tref pedal IHEKE", iifbddncetinogictinddd fsdedieatedtd ' U0

h: gh. gorb(?oem?a bldlestéablbeélectieodéte veeglkmeabctrbkierdmsutymcgrease? dndgﬁhne |

el ectrode ensi t an owe ectrode i edance. VY, I In t he ectroe

St ruct ur o AMRURLTEIATNE to yfizared syyrfack;af the powdeset e{qsirod&@ﬂgwe Bt

el ectrode req@a At ﬁ%ﬁl an

I ncrease Ia?n{dt’ﬁe %ngaérg Con{@CQ[ Eﬁﬁ‘d S{Lﬂfi?a th e|| Ct ro gucggﬁ‘]‘\te
mcreases As a result, if the electrode structure 1 is used for a cell, the area-

unit energy density increases, thereby the entire cell becomes smaller.

Description of the Preferred Embodiments
Hereafter, an embodiment of a lithium ion secondary cell will be described.

(a) Example of manufacture of positive electrode structure (Example 1)
9.1 weight parts of LiCoO; of average patticle size 5 n m whichis a

_ powdered-electrode active substance, and 0.6 welght parts of graphite powder of
average particle size 4 u m which is a powdered electrically-conducting

| substance, were introduced into a press-sliding mixer, and press-slid for 20
minutes. Next, 0.5468 weight parts of an ion-conducting polymer raw material
(A1) and 3.5 weight parts of acetonitrile were added. Thelon-conducting
polymer raw material (A1) was a mixture, and its composmon and mixing ratio
are shown in Table 1.

[Table 1]
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'subst'ances in the el ectrode structure and between the powdered el ectrode
active substance and the powdered el ectrode conducti-ng substance in the

el ectrode structure. As a result, |Inpedance of the el ectrode decreases. At
the sane " tinme, the area of contact between the current collecting nmenber
and the powdered. el ectrode active substance and the powdered el ectrode
conduct i ng sﬁmpmlmsub&tanee to whigh thel mpmduetlmg polymarirast material t sel f
decr eases a de5|rabhﬁdelectrode yet ctrod %en5|ty

i ncr eases: (ﬁ\i}]waﬁ eé’wﬂ‘(ﬂﬁ press=glid ja the, p[ﬁﬁsfs@r'%mé’fﬁ ef%é $-he' Bdwder ed
el o0t 1 odle pagid M SUBSIBRES SacBdltblikolO\HES S o Pertad pRAFAS MID|, s ance

in the el e structure I NCr eases. result, i f the el ecfrode
st ruct ur e 2001 (NRI4 €D.) wasaadd@ld to thbeprass-alid substaener@nd thenmixtyre me,cafm's

%Eﬁéﬁf’%eﬁ e i e p%%%é(iﬁfﬁm A eﬁ@%ﬁ%ﬁ%sﬁé&sﬁﬁat%bgéSfa,si@n@vié will
e descri I

(Exanpl & ?ﬁa"’séé@dfd‘ﬁ Ruft (T ORERUES 201 oahd sfedd BiF b decforiifer e
whi ch |'s %g\gge%?g)?dosmﬁtgéggretnﬁ réfﬁﬂt%&)ﬁ?o%ﬂ&?wa%'l@\‘t at ﬁ)d@ﬁ'téﬂﬂbeﬁb%wé ot

graphi te powder of average e size 4 ,u mwhich Is a powdered

el ectri calfbiy15 pifiutis, Beid thoh Heatewd at 80 for hodriceThe alectrodpwittsa single ng
m xer, and press- slid for 20 mnutes. Next, 0.546 wei ght arts of an

| on- conducalppligd wﬁ?gg rohtam§dus &umed upside dewn tg be ﬁﬂ@dgq'ﬂ syrfage and
t
Ziﬁqbli’ [r o8 Satbad by Bgiasiar K SBREARLS AP et 88 Sratarfion T heesding” | "
' .
o et o inxpautiyRe eeatinoth WRRRAGR fof 18l B dfiaf %%F’%?ﬁgod%‘)k%ﬁ or

5> hours. ﬁhﬁourprq%feélbbﬁoaamanée i9fife BREHEdb Idr dbpﬁéeowebahtsmbfs of
polymeric MJ, MR 200 (NPU Co.) was added to the press-slid substance, and

the mi xt uraumirium éoil 6bih|c|&|essrﬁﬂ;em gap; dwd tiveeentirslthicknesswasr.70Thm.
press-slid substance was renoved, transferred to alum numfoil, of

t hi ckness Hupelgctrode ofihe davention igselied by Hnes roliessiatsapmtemperaie. m gap.
The resul tTH@th?él&%‘égtqf.‘fﬁé eléctfodd aﬁéﬂ‘ﬁ]lﬁﬁ@ﬁé 260/ gap.

(b) Example of manufacture of positive electrode structure (Example 2)

9.0 weight parts of LiCoO- of average particie size 5 umwhichis a |
powdered electrode active substance, and 0.6 weight parts of ketjenblack and
0.2 weight parts of graphite powder of average particle size 4 u m which are
powdered electrically-conducting substances, were introduced into a press-

| sliding mixer (capacity 300cc), and press-slid for 20 minutes. Next, 1.172
‘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
substance, and the mixture press-slid for 5 minutes. The press-slid substance
was removed, transferred to aluminum foil of thickness 20 » m, and spread by a
doctor knife applicator of 100 » m gap. The resulting product was left at room

temperafure 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

| surface and is spread by a doctor knife applicator of 100 u m gap similarly. The
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for 15 mnutes, and then heated at 80C 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 1001li m gap
simlarly. The resulting product was |eft at room-tenperature for 15

m nutes, and then heated at 80C for 1 hour. The el ectrode obtained is the
el ect r oderésyting proguct vas-efiattoemdemyieratura fomGrminites pand ﬂnejkheatg 7:) Y

gap, and the entire thickness was 170 u. Thi | ectrod f t
i's rol | ed88YC tfar ddausi | dhe electredmob @ttbﬁlé%ecetﬁqﬂ% éﬁeﬁaﬁe BF o

o (i ve. secor AumRim el BF temERsAL: 5) 9be, M pRraIRRENERS Wel (20 iy

average patti ' ; e
st ancaltis, B dledtfods Bf e Ruehdr iStolBl ARRL RIBR ACKRR KirhiiErature,
gr aphi t e pPhddhickhess of Hgeelpatrode laftes raliing was 120urh gape powder ed

el ectrically-conducting substances, were introduced into a press-. sliding
m xer (capaC|ty 300cc), and press-slid for 20 m nutes. Next, 1.172 weight

parts of r|Ie &Ere agg(}%d@leyd\?oé'% Qlﬁbﬁbdébtrﬁéﬂ&e@%rﬁplé i ght parts

of acet oni m xtures were press-slid for 5 hours in

the press- S|9dlweigmbartsoﬂlmdmpefsavénagewmlemﬂ@mpﬂucbisake 0. 548
weight parts of polyneric M, MR-200 (NPU was added to the

press- sl i powslered girairodenactivecsubistance Op%‘s weight@ar@rofﬁwﬁonu@wuwna

lid |
Fhi okness Pobie A fratdfd (ATY3H"S QG i tr acuphtilb Were Ripgafited |
The resul gt Pféﬁé‘-&li‘dm@m&éﬁ (capacity800cd)cand tivs mixtufeopress-stidrfor Zshoursd
heated at 80C hour. The electrode wth a single hf | ied surface

obt ai ned i Thewpressrsiid substansarwas pasterlikesd Naxt0.1pgiweig °£ﬁe'mef§=pr ead

ot oduct  wilDl MR MEE ) vbls e ARPRR bdirprotcslld ok idatds 10

8090 for IHepressHEilid stibstariceiwas bémoned, iransferred ite alumisent ﬁqllemf thigkhessl on
both side of alum numfoil of thickness 20 u mg& and the entire
Ui

t h: f:kness 2095 M, 20d spreadhiysa doeter koife applicater phi@duiragaps rihe iesullipg: nr ce
?aagr;?pni??aué“ fow3s I oon ferHRRAWE of 4 Saninutes, epadaated &t B0 oF ot ur o
our. The thickness of the electrode obtained was 80 u m. .The electrode
obtained is the electrode layer applied on both side of aluminum foil of thickness
20 ' m gap, and the entire thickness was 170 u m.  This electrode of the
invention is rolled by three rollers at room temperature. The thickness of the
electrode after rolling was 120pm gap.

:(d)" Example of manufacture of positive electrode structure (Example 4)

9.1 weight parts of LiCoO. of average particle size 5 u mwhichis a
powdered electrode active substance, and 0.6 weight parts of graphite powder of
average particle size 4 p m which is a powdered éléctﬂcally-conducting
substance, were introduced into a press-gliding mixer device (capacity 300cc),
and press-slid for 20 minutes. Next, 2.0 weight parts-of an ion-conducting
polymer raw material (A2) and 3.0 weight parts of acetonitrile were added. The
jon-conducting polymer raw material (A2) was a mixture, and its composition and

~ mixing ratio are shown in Table 2. In the Table 2, the same result may be

| 6bta'lned-by the use of polyethyleneglycoldimethacrylaté (536 molecular weight)
21



9.1 weight parts-of Li CoO2 of average particle size 5A mwhich is a
powdered el ectrode active substance, 0.341 weight parts of an

i on-conducting polymer raw material (A) and 3.0 weight parts of
acetonitrile were introduced into a press-sliding mxer (capacity 300cc),
and the mxture press-slid for 7 hours. The press-slid substance was

past e- | i Knstdlgd 'of triméthylolptopanelihbthaefylale, ynmeric  MDI,. MR-200 (NPU Co.)
was added, and the m xture press-slid for 5 mnutes. The press-slid

subst ance was renoved, transferred to alum numfoil of thickness 20 p m
and sprea q% qydoctor kni fe applicator of 100,4 m gap. The resulting

pr oduct w84l at roomtenperature for 15 mnutes, and heated at 8090 for
1 hour. The thickness of the electrode obtained was 80 u m The el ectrode
obtained is the el ectrode |ayer applied on both side of alumnumfoil o

f
t hi ckness 20The pregspslidsbstance ta which thedracondusting pelyimer rayymatesial ¢ r ode

Chi ckness (BP) P8 Bt sl e Pros Sl BT (cBRBERISHOEE 1005
nmanuf act unupé. PPRE press-slicstbstdnce wWasapaste-likéx amautbr\l,\ggg.éﬂvwém r E)ig(ra ts.

f Li CoO2 of I [ h X
act 'Vel SuIper 012, Damesins 2 e mathylueie B ashp Buwpish ArBrOr A BN
Pere | ntr JORLERIBIEbf Strvierth SBIRRESECAdIIghe Yal WA (DBE) waws Do
pr Iess- sli chddydttaﬁha}mt(ag)slld ngsmnéepamﬂmmifare mrmer?zne$st>sﬁaltmfoﬁJct i ng | .
0 ner- raw materi_a . Wel arts ,0r ac oni,tri,l e, wer ed.
'FI)'hey i on- dBINMRS:i ﬂa‘%ﬂe?ﬁﬁigrﬂ%sgﬂi“@r as fgm?ye%@aasﬁr@gd%'”mmﬁgﬂp

cone T esuithicRBgss 20 HAPahdshPed By 2 iklor friffdbdiceiondt A0 BRGaG, TThbnY, o
(536 nol e_f#hgmn ir6@hot wds igtcatednpierhpératire)for B ainatsy, andeidated dt at e.

[ Tabl e 2] press-slid substance to which the ion-conducting polymer raw
material §AXL forS huiged, Theslecteade witha singlerappliedssurfadedobtginedisr
(capacity 300cc) for 5 hours. The

_slid t -like. A
Sol Lt | on’ JEMBCOUPSIAR gown 91 Bxedl on BASLEBIACH 41 . SHTRA I 3 BOEIE KPIF | <)
and 0.5 V\ea'p%riltca o"’l"rotfﬁoﬁfu A éa% &I)mii/amy. 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 ' m gap, and the entire thickness was 170 u m. This electrode of the
invention is rolled by three rollers at room temperature. - The thickness of the
electrode after rolling was 120pm gap.

| (e) Example of manufacture of negative electrode structure (Example 5)
9.1 weight barts of graphite powder of average particle size 5 © m which is
a powdered electrode active substance, 0.341 welght parts of an ion-conducting
polymer raw material (A1) and 3.0 weight parts of acetonitrile were introduced
into a'presséslidlng mixer (capacity 300cc), and the mixture press-slid for 7 hours.
- 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 56 minutes..
The press-slid substance was removed, transferred to copper foil of thickness 20
©m, and spread by a dodtor 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
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liquid el ectrolyte of ethylene carbonate (EC)/diethyl ene carbonate (DEC)
was added to the press-slid substance, and the m xture further press-slid:
for 5 mnutes. The press-slid substance was renoved, transferred to

alum num foil of thickness 20 m and spread by a doctor knife applicator
of 100g mgap. The resulting product was left at roomtenperature for 15
m nut es, haur.neBhealestrode with asingle applied shface ebtained isurned upsidgl e

St ace aawAIos bl B aaﬁé}éi@‘féﬂg%ﬂ@?s%iﬁ%ﬁ? 9 4 8oy kS ool o7
simlarlyyq Og%ﬂ élHll'& ?ggggsl‘fﬂg g fﬁ'ﬁ&u&tw ttr‘%B'ﬁ? f‘ltlb’él%tljr@rfoﬂ'$5

m nut es, eat e our ect ro obtained I1s the

el ect r ode pliANes, aﬁ6|th@¢hé§té@10étf'ec>9cdmr<3f h@bﬂmmre@trbd@foméineanem 20,4 m
gap, and the entire thi ckness was 170,4 m This el ectrode of the invention

I's roll edelgctiddedayemcappied on botbnstde@fmmmmmfdltoﬂthmknbss ROesm gdp,t he
el ectrode after rolling was 120pm gap. (e) Exanpl e of manufacture of

negative ahddheemtiresthicknassevdsEtZfpin. 5)his aleatrodaof ﬂmweotlogmmﬂede
powder of rag article |ze 5um ch S wde rode active
subst anceP ydﬁ "qugﬁgﬂttmﬂg? emperatyre; . ?ﬁﬁ’?ﬂ}!ﬁ) [ﬂ?grpg @Pg al

(Al') and ?arts of acetonitrile vvere I ntroduced into a

press-sli d| ng m capacity 300cc), and the m xture press-slid for 7
hours. The press sI i d substance was paste-like. Next, 0.159 weight parts

0o P2 LTl Exampre of mantdadireot Bodits sltiiods: st Wgﬁl?r e coper

bap. The 1 éﬁ@??ﬁ%ﬁﬁpﬂ'&? foriRghdiag room%%%Eéf‘@éﬂ?@b'f%ﬂ’%’“‘rﬁ“n@%gf "
and heat egoidebéPeldctiods ﬁvé@@bstaﬂ?fe elziwteiglﬂﬁartstdf@ iphrgreluetingi ed

surface obtained is turned u e down to be xed on a flat surface and

i s spread Polyraeriew matwﬁlﬁyﬁpad iBcQWsighirpartsoef acetegitifie wyerelintroducerh e
heated at "B Pl ARiginixeR oty SIRE) Ml fresraititor B'rilrE’, TREC, L JC7
011 ey e ArdMaiizo N e A 7
by three B3PPE(L, %ﬂlm@gw@ﬁ%&t@@ 2120 Oﬂ'ﬁ@’eﬂ&" %"q‘t" elestlytefe after
rolling 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 1 m, and spread by a doctor knife applicator of 100 » mgap. The
resulting product was left at room temperature for 1.5 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 » 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 a.lluminum foil of thickness
20 z m gap, and the entire thickness was 170 » m. This electrode of the
-invention is rolled by three rollers at room temperature. The thickness of the
electrode after rolling was 120um gap. | '

(9) Compai'atlve example of positive electrode structure (Comparative Example
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“was 120pm gap. .(f) Exanple of manufacture of positive el ectrode structure
(Exanple 6) 9.1 weight parts of graphite powder of average particle size 5
u mwhich is a powdered-el ectrode active substance, 0.2 weight parts of an
i on-conducting polyner raw material (A2) and 3.0 weight parts of
acetonitrile were introduced into a press-sliding mxer (capacit 30000)
and press- sl i th.6oveightpants of mmethylmarolidinaicenteining.de SMlilqmaQt%WBi/

and 0. 8 wargohpalrardeR uprile EMERE)BA{RdTas fo farpc AP h g o
(EQ)/ di et '%V &gﬁle?%'ir{lﬁ?a@vﬁs(:ﬁﬁgﬂ with 8.0/WbidFe péﬂ%'cﬂ LiCod; &f ‘é@éraé;@%ﬂclbo the

press-slid substance, and the m xture further press-slid f m nut es.

The press-sidd 8 usm lvehicin isea pewdeeen efsttradesactiver substance; amded. 8fvweeighbparts
t hi ckness 20 u and spread b%/ a doctor knife applicator of 100 ,u m gap
The resuldf .kﬁgepblae&@nd\khz weaight mrm ebararkits (i)ﬁ"eo frayerage ﬁﬁﬂ@!%%'zeé‘nd

obt ai ned 14 WPiRtCAre RS ARG GafEoHp 3@%}%%%5@?&&%@5%@%@?% pr ead

by a doct Ch‘anP' fmeﬁa%%mr% h8ur519%nﬂit??é’w%b%hﬁf\)e\ﬂ trzhsferrmtddbg r

product was left at roo t enper at ur e 15 mnutes, and then

80t for 1 fbibof thidknessl205i npeamd spread hda declon&nife apiplicater bf 100 pangaped on
both side of alum numfoil of thickness 20p mgap, and the entire

t hi ckness Thesresuliingrproductwas deft abmpmﬁemn@raturﬂ/&ﬁth%nlntgesﬁ Andhealgdiat; ee
s 120pmE0.1or oy h; el ot RS S ngBLenRipg @%ew&fd‘ il ' "9
Co t s d

Cont ot i nd RIS @6Rhito bOixgd it et BuaboRRil1s 8‘? B K G e

( PVDF) whigpplibator af 100 - h1|laﬂypr0'herré3ulﬂﬁg piomttwm lgft atcleom was i xed
with 9.0 weight parts of LI CoO2 of average particle size 5 v mwhich is a

pO\é\dgr Sd elémr;]neraidas ﬁ:rtﬂ&miruﬂﬁstmmm%mhebt?d&tmﬁhtorpdnawl dhel«deq;tmﬂﬂ ack

t t t
Whi ch ar o Qialned dtns alecHpaaiysr Anplasiam ol ade B ebfinuin i osiickarsp bl ade
mxer. Attgy ) i §ap SridtheSefitd thickhSs Wa)étf'fdeu MRS FREYIEHrodd GFIREET Ted to

copper
‘invention Is rolled by three rollers at room temperature. The thickness of the

electrode after rolling was 120pum gap.

(h) Comparative example of positive electrode structure (Comparative Example
8)

25.5 weight parts of n-methyipyrrolidine 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

‘particle size 4 1 m which is a powdered electrically-conducting substance, in an
brdinary blade mixer. After mixing for 8 hours, the mixture was removed, |
transferred to copper foil of thickness 20 u m, and spread by a doctor knife
applicator of 100 u‘ mgap. 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 tumed upside down to be fixed on a flat surface and
is spread by a doctor knife applicator of 100 » m gap similarly. The resulting
-product was left at room tempefature for 15 minutes, and then heated at 80°C for
1 hour. The electrode obtalned"Is the %Ifctrode layer applied on both side of |



“foil of thickness 20 u m and spread by a doctor knife applicator of 100 m
gap. The resulting product was |left at roomtenperature for 15 m nutes,
and heated at 8090 for 3 hours. The electrode with a single applied
surface obtained is turned upside down to be fixed on a flat surface and
I's spread by a doctor knife applicator of 100,4 mgap simlarly. The

resul ting iR folest thRkheds 2090m ggépf%‘@?ﬁfﬂhb”élﬁiré Fiickeds Wesa70 ,Ad then

heated at 8000 for 1 hour. The electirode obtained is the el ectrode |ayer
appl i ed oThimelectode ofthelinventiomis oolledolpy threekaliars at20pmrtegpsratune. t he

entire thickness was OM Thi s el ectrode o he invention Is rolled by
three rol I-rg\estﬁ&?t?‘nﬁﬁ%ﬁ’} ngﬁypaﬁéf&m@ﬁ'miv@& Mi9&he electrode after
rolling was 120pm gap. (h) Conparative exanple of positive el ectrode

structure (Conparative Exanple 8) 25.5 weight parts of n-nethylpyrrolidine
cont ai ni ndi) Gompaiative @xanmplé ofipogitive glectredenstryetise (CompaeativerExampleet)

i th 8.5 wei ghi-pamiekt B P Brnelt i cahardyd tn Saih BEheigt "1

whi ch i s 2 pVsfPdhviRYIRIEne fibride FVIFFivhith KaeRé ii-Gondutting propeity asy

bl ade m xer. After" mXing for 8 hours,” the m xture was renoved,

tr alnsf er r edpolymes birderf was roixed withk Qs weight parts of LiGePe afiavgragedeasticle knif e
i cat f 100, 4 . . Th | ti d | ef t
C oper at isZe Bomwhiah fiis powdiered astiae-acecubetincs. oo EB weldhbearts r ode
ith i ngl.e,. | f ' [.S.: | fi xed
on a 11 at W iBligfBAck Fha2 kGt Bads BPErdnnit icder BisyEfade Binich 9854 1
gap sim | % h'y![NPen' FosoWasrad elBERIBERY-cHRAUEG subistansys, it BRrdinakeblzde 15

m nut es, eated at 8000 for® 1 hour. The el ectrode obtained |Is the
el ect r ode rhixger Aftert inbdng ford hbuss, dee olixtiie wasmemaevetiotransferted toieopper20 u

vent i on Tolkof EIPkAGSEy20 I EMCoPAIERY byt 2 CoBior kOB EPRIGAET Of TR AMERhess of
e el ect e Bl e 38 AE R oot RS s SRR Rt
ooy LI RGA0! SR e te i shile sty aticanasaillo umed

- upside down to be fixed on a flat surface and is spread by a doctor knife
applicator of 100 z 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 z m gap, and the entire thickness was 170 um. This electrode of the
invention is rolled by three rollers at room temperature. The thickness of the

electrode after rolling was 140pum gap.

)] Cbinpafative example of positive electrode structure (Comparative Exampie 8)
25.5 welght parts of n-methyipyrrolidine 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

particle size 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 |
B applicator of 100 pmgap. The resulting product was left at rodm temperature

for 15 minutes, and heated at 80°C for 3 hours. The electrode with a single
25



a pol'ymer binder, was mixed with 9.0 weight parts of Li CoO2 of-average
particle size 5 u mwhich Is a powdered el ectrode active substance, and
0.8 weight parts of ketjenblack and 0.2 weight parts of graphite powder of
average particle size 4 M mwhich are powlered el ectrical l'y-conducting
substances, in an ordinary blade mxer. After mxing for 8 hours, the

m xtur e weppliedeuefdce obtdinéais fimee upsidecdowh to bedixedore i fiat surfdce amd -and
spread by a doctor knife applicator of 100,1 mgap. The resulting product

was | eft & spread byampectarknifef applicatoriof 108 megap simitasly. atThes@sulting 3
hours. The electrode with a single applied surface obtained is turned
upsi de doproducthwas lefteat ropmuternperatureifar 45 ainutes, apddhan heatediat 88\C ey f e

2 s S ek R R4 AP R R g oo
el oot ode o GBI ASL 4 nichoEh 91 Aol R 1S HIBREH Was 40 £in.2) U num

el ect r ode Tiis eleetrode\sfihée imvergionds reltedoby tHreeaollers|at reomt tensperatureper at ur e.
The thickness of the electrode after rolling,was 140pm gap. Q Conparative

exanpl e of Theothickngss of the elasdrodeaftar spling wasm MAHME@APExanpl e 8) 25.5
wei ght parts of n-nethyl pyrrolidine containing, In solution, 0.5 weight
parts of polyvinylidene fluoride (PVDF) which has no ion-conducting

property chBldif8testd@s M xed with 9.5 weight parts of graphite
powder of nggﬁg@hwgﬁtiyegsi ze 4 u mwhich |Is a powdered

el ectri cal | y- Adestlithiunyicsusecondacy celhwas manudfactured tising:-the pesitive\s t er

m xi ng for 8 hours, the m xtuge, was,. ved transferred .o co foil of
{ht ckness SVCPIR StelUtes manuiAPtiradniBs sxameles 23 conintnlive S¥8&Rles, 4 ap.
The resul t'@%o?%iﬁ%@#d%ﬂa'ﬁdn athvePdleEROBE Walrd 'bRth Eaf odftohavd 85, and

heat ed at ours. The electrode with a single 25 applied surface
obt ai ned ialectrodesuniace areajofihemd Heomplately selidpalymer ¢alk pelymegh dolyrser

o oauct - weie! Slcreiyte pefintiaall Bhia. Spefolvl gahR0Rot LkePhitor W8l oo°a: so;
for 1 howandiWiéhed BefwetirtHepaEieselettrblie apdatsgative diestrodepl i ed on bot h

side of alumnumfoil of thickness 2011 m gaE. and the entire thickness
was 170, 11manufachire the sestaglle dhercancentratien oh lithiur sait{supportiRBee rol | er s

at roomt e&g&?&%r ?alt) in the respective electrolytes was arranged to be 1M. This cell
was charged at 0.3mA per 1cm? of electrolyte surface érea 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 consldered to be combinations for which
charging/discharglng is possible, and are shown in Table 3. Table 4 shows the
contents of the electrolytes listed in Table 3.

[Table 3]
[Table 4]

In the charging/discharging tests of the examples and comparative examples,
test cells using the positive electrode and negative electrode of this invention
could be successfully charged and discharged. Howe{rer, test cells using the
electrodes of the comparative examples and a solid or gel electrolyte could not |
be charged/discharged, although test cggs using liquid electrolytes could be



The thickness of the electrode after rolling was 140pm gap. (k)

Char gi ng/ di scharging tests Atest |ithiumion secondary cell was
manuf act ured using the positive electrode structures manufactured in the
exanpl es and. conparati ve exanples. The positive el ectrode and negative

el ectrode out to have an electrode surface area of 4cn®,
Cbnpletelfxggg?gﬂggrgﬁifﬂ(alI pol ymer), polyner. - gel electrolyte (polyner

gel), liquid electrolyte (liquid) and a separator were sandw ched between
t he positiyv 'eLefégﬁfe Xnd,ne ative electrode to manufacture the test
cel I . The IPEH3tER 8hABPligatOR um salt (supporting electrolyte salt) In
the respectiv F 1 M This cell was charged
at 0. 3mA per Th%&ﬁﬁ%ﬁﬂkf%%f}o yyg“@ﬁ$gg%g&§?§§ to 4.1V, and after

al | owi ng to sThedolerrofbisrinvention makesdtpabsibid to gafficently.idendasethéo 2. 7V.
Combi natiops for .which two of these chargi ng/di schargi ng cycles were
successf ul %PSBXPF@PP@ ,"%‘Pé‘eﬁéﬁ@'gﬁgéﬂ QqSCth(?Qzﬁm‘FtHgﬁl-i ons for which

char gi ng/ di sc of ﬁﬁﬁﬁ* : dn. T : 4 shows
the content S"ﬂgf;sg?ﬂ%ﬂgﬁ ectro ﬁﬂqg sﬁrg?gﬂﬁﬁeﬁam@b%{? é?ér%% ee%Fm’?q'abl e 4]

I n the chastoicturedi schargi ng tests of the exanpl es and conparative exanpl es,
test cells using the positive el ectrode and negative el ectrode of this
invention could be successfully charged and di scharged. However, test
cells using the electrodes of the conparative exanples and a solid or gel
el ectrolyte could not be charged/discharged, although test cells using
liquid electrolytes could be 26 charged/di scharged. Industrial Field of
Application This invention has the foll ow ng advantages: The roller of this
invention makes it possible to sufficiently increase the density of
application layer by rolling an el ectrode structure. This invention further
makes it possible to obtain an effective el ectrode structure.
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'27 TABLES [Table 1] Ion-conducting polymer raw material (Al)

Subst anceM xing ratio (weight parts) Trifunctional (propyl ene

gl ycol / et hyl ene glycol) randonB. 36 copol yner, SANN X FA- 103 (PQ EC=2/ 8,
Mn=3, 282, Sanyo Chemical Industries, Ltd.) Trifunctional polyol,

1, 4- but adi ol 0. 34 Et hyl ene cyanohydrinl. 27 Reaction catal yst NC- I M ( Sankyo
Air ProdudtABLEX ) 0. 03 Total 10 [Tabl e 2] |on-conducting pol ymer raw

mat eri al ﬁz%' l\4 Xing ratio Substance(wei ght parts)
Cyanoet hyl @8/ di hydr oxypr opyl at ed pol yvi nyl al cohol 0. 625

Met hoxy poliyeicBrni 6y polgmerpahanatdrial pA{yol . wt. 468) 3. 125
Tri nmet hyl ol propanetri ymgt hacryl at e6. 2?1,;?;3| 10 28 [Table 3]

Char gi ng/|&ubstanagi ng test results NoPositive Negative El eptMixing ratio
Char gi ng/idi schar gi ng el ectrodeel ectrodeetest result (weight
| parts)
Trifunctional (propylene glycol/ethylene glycol) random 8.36
copolymer, SANNIX FA-103 (PO/EO=2/8, Mw=3,282, Sanyo
Chemical Industries, Ltd.)
[ Trifunctional pdlyol, 1,4-butadiol 0.34
Ethylene cyanohydrin 1.27
Reaction catalyst NC-IM (Sankyo Air Products K.K.) 0.03
Total 10
[Table 2]
lon-conducting polymer raw material (A2)
Substance Mixing ratio -
(weight
parts)
Cyanoethylated/dihydroxypropylated polyvinyl alcohol 0.625
Methoxypolyethyleneglycol methacrylate (mol. wt. 468) 3.125
Trimethylolpropanetri methacrylate 6.25
[ Total 10
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‘1Exanpl e 1Exanpl e 5AP1Possi bl e 2Exanpl e 1Exanpl e 5AP2Possi bl e 3Exanpl e
1Exanpl e 5AP3Possi bl e 4Exanpl e 1Exanpl e 5AP4Possi bl e 5Exanpl e | Exanpl e
5PGLPossi bl e 6Exanpl e | Exanpl e 5P&Possi bl e 7Exanpl e 1Exanpl e 5L1Possi bl e
8Exanpl e 2Exanpl e 5AP3Possi bl e 9Exanpl e 2Exanpl e 6P&Possi bl e 10Exanpl e
4Exanpl e 5AP3Possi bl e 11Exanpl e 4Exanpl e 6P&Possi bl e 12Exanpl e 7Exanpl e
9L1Possi bl[@abkBhpar ati ve Conpar ati ve AP1Char gi ng/ di schar gi ng exanpl e

cranpr o1 LRI Rp BT ot cr o ve. oo ve APSChar g g
Spichar o TP Cp P e E LT SRR |
Conpar atijve I 1Peiedtide electrode e 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 Possibie
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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‘exanpl e lexanple 2 29 [Table 4]

El ectrol yte used in test

SynmboTypeConposi tionThi cknes |s APl1Al |
pol ymer Cyanoet hyl at ed/ di hydr oxypr opyl at ed100 pm cel | ul ose (e.g. Japanese
Patent Application Laid- Open No. 8-225626) AP2AI |
pol ymer Cyanoet hyl at ed/ di hydr oxypr opyl at ed100 pm cel | ul ose and net hacryl

y- | inked structure (e.g. Japanese Patent Application Laid-

pol ynmer 3

Open No.
pm (e.qg.

s s

ol ynmer Hi gh vi scosity pol yuret hane
pplication No. 11- 78085) AP4A| |

el ectrol yt e100

pol ymer Cy
Japanese
PGLPol yne

ES}bﬂbdﬂ)
at ent

r O ano

Typed/ di hy
Appl i cati (

t hal At adl d
UL T

Gampesitiory | at ed100 pm pol yvi nyl al

pn hb 11- 78086)

cPhicknée .| Q.

and

met hacryl
car bonat 4
(e.g. Jap
pol yur et h

AR y e
(EQ) /g
anese f
ane el

AlIDlymeE
li et hyl ene

Pat ent Appl
pctrol yt el(

T r]yuviyPl U I ALl DU.I.UU

Qxam@m&@tedidlhy@oas iﬁe@ P00 6
nlblgggt e (DEC) (1/1) vol liquid

i §Be08ss %%m'ﬁ?"%aﬁfe‘%%@%”” A

e Ca
pen 0. 8-22562

el ectrol yt e
gh viscgsity
bonat e

AP2

All polymer

Cyanoethylated/d|hydroxypropylated
cellulose and methacryl polymer 3D cross-
linked structure

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

100 pm

AP3

All polymer

High viscosity polyurethane electrolyte
(e.g. Japanese Patent Application No. 11-
78085)

100 pm

AP4

All polymer

Cyanoethylated/dihydroxypropylated

| polyvinyl alcohol
| (e.9. Japanese Patent Appllcatlon No. 11-

78086)

100 pm

PG

Polymer
gel

Cyanoethylated/dihydroxypropylated
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)

100 pm

PG2

Polymer
gel

High viscosity polyurethane electrolyte
containing 50% ethylene carbonate
(EC)/diethylene carbonate (DEC) = (1/1) vol
liquid electrolyte

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

100 ym

L1

Liquid

| Impregnation of ethylene carbonate

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

solution in polyethylene separator

23 ym
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‘(EC)idletherne carbonate (DEC) = (1/1) vol liquid electrolyte (e. g _
Japanese Patent Application No. 11 78085) L1Li qui dl npregnati on of ethylene
carbonat e23 pm (EC)/ di et hyl ene carbonate (DEC) = (111) vol solution in

pol yet hyl ene separator 30 What Is clainmed Is: 1. Aroller
processing/rolling an el ectrode structure in which a powdered el ectrode
active suWHatiselaimedddiered to the current collecting nmenber, conprising a
pair of work rolls sandwi ching and rolling the electrode structure, at

| east a pair of backup rolls generating a pressing force onto the

tive Kk | ] I t f d
backup LXﬁ o Bl piohsBldTPlig h e chrefie Sytiuredn hisH ActondeTgdsal o vior k
rolls. elEBﬁoﬂ@'dcﬁOe @usseh%e ?ﬂéagéiém thB cEirfirit geggcc mﬁr@m as is

claimed in Claim 1, wherein | anet er of sal ['s |arger
t han the corapasiog of said work roll. 3. The roller processing/rolling an
el ectrode struct.ur backup roll has

an el astic m&tRAY gfwea%'foilﬁ S@de\{l&\lgg”apg(’rgmngjthqﬁéeqtmcf taﬁ'faﬁf%sm ng/rol ling
an el ect rode af g4t bt Fbackufl i anhtngaégl- sking)f r&@o% iﬂweggegﬁ&déses a

wor k roll housing having an axle réceive I nsi
housi ng hwoﬂh@"an axl e receive of the respectlve roII InS| de, wherein a

o acessi ngl 1 BATERGIANG GPUEE Poneiad BLIREH oFB of B4 ASGkyR tmidbiard Blewert ac

active sqlmts?d@,ear_ids adhered to the current collecting nenber,

a drive unit rotating said work rolls.

2. The roller processing/rolling an electrode structure as is claimed in Claim
1, wherein
the diameter of said backup roll is larger than the diameter of said work roll.

3. The roller processing/rolling an electrode structure as is claimed in Claim
1, wherein
said backup roll has an elastic material coated on its surface.

4. The roller processing/rolling 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
| spacer'ls positioned between the respective housings.

5. A roller processing/rolling an electrode structure in which a powdered
electrode active substance is adhered to the current collecting member,
comprising

a large diameter work roll and a small diameter other work roll having an
electrode structure inbetween,

a backup roll generating a pressing force onto the surface of the small

o diameter work roll, and :
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‘comprising a large diameter work roll and a snall diameter other work rol
havi ng an el ectrode structure in between, a backup. roll generating a

pressing force onto the surface of the small dianeter work roll, and 31 a
pressure device pressing the backup roll toward the small dianmeter work :
roll side,, and a drive unit rotating the work roll. 6. The roller

her ein e AEHEAS dovicoplrspnalrp akop Bl ihiqEl Fekined orofefctk o
sai d wor kyli@lde. ahd gagvé\%‘h%taqrngqﬁg loY/rof! 11 ng an el ectrode structure as
, al

is clained in Jam ereln ackup roll has an elastic materi al
coated on its surface. 8 The roller processing/rolling an el ectrode

housi ng. havi Ryt et BrpeRasioddling ancdludade Siictrg BREE hiRed i,

havi ng ang ayhdrefrecei ve of the respective roll inside, wherein a spacer is
posi ti oned between the respective housings. 9. An electrode structure for a
secondary cethe diamgtecof said dackup rolkistaeger than the diameles of saldaverkrod.
powder ed el ectrode active substance coated by an ion-conducting polynmer is
adhered to a. current collecting nenber, and a roller processes/rolls said

powder ed. el egt TRE oI PEEESSIRgPOINIRG ANCEleSodd'StractUre BS iS elaled im TlaiRimber .
10. The el ectrode structure as is claimed in Caim9, wherein :said
powder ed &Iwheneinde conductive substance is mixed wth said powdered

doubl ¢ 1 ayer SEl AR B HBs At plarlle FretahbLg ottt tdtey e, wner ei n a
powdered | arge surface material coated with an ion-conducting polymner is

adhered to a _current coll ecti nlg material, and .
8. The roller processing/rolling an electrode structure as is claimed in Claim

5, which further comprises
~awork 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 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 member, and a roller processes/rolls said
.powdered electrode conductive substance on the current collecting member.

10. The electrode structure as is claimed in Claim 9, wherein
said powdered electrode conductive substance is mixed with said powdered
electrode active substance.

11. An electrode structure of an electric double layer capacitor in which jons
move between electrodes, wherein
~ a powdered large surface material coated with an ion-conducting polymer is
adhered to a current collecting material, and
said powdered large surface material is rolled on said current collecting

member by a roller.
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'sai d powdered |arge surface material is rolled on said current collecting
menber by a roller.' 32 12. The electrode structure as is clained in Caim
11, wherein said powdered |arge surface material is mxed with said
powder ed el ectrode conductive substance. 33

12. The electrode structure as is claimed in Claim 11, wherein

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