11 February 2004 Specification PRESS-SLI DE KNEADER, METHOD FOR COATI NG W TH
| ONI C CONDUCTI VE POLYMER, AND PONDERY MATERI AL Field of the Invention This

i nvention relates to a coating of an ion-conducting polymer on an el ectrode
structure for an electrical conponent such as a primary and secondary cel
and an electric double layer capacitor. Background of therbpMgRy bOD4! N the
prior art, in alithiumion battery, a positive electrode h is "~ nmanufactured
by m xing a mxture e of a powdered el ectrode active substance a conprising
Li CoQ2, powdered el ectrically-condggédificatipd’ bon b, a binder polyner ¢ and a
solvent d into a slurry, and applying it to a current-collecting nenber f

to forma comppds!dl HEOKNERBER METHODFOR'CORIINGRAIBNIEL M o of Fio.

14 is a partial ar gemen e mXxture eon e current-colTecting
menber f. A negati Iy X1 the m xture e of
the powdered el egéﬁﬁfétWEdﬂﬂiﬁgﬁw@%g@N@m ed graphite, the
bi nder polyner ¢ and the solvent d into a slurry, applying it to the
current - E@Id etthedgvaRligier f, and drying to formthe conpound filmg, as
shown in Fig. 15. The mxing is perfornmed for exanple by a planetary m xer
as shown in Fi ghisliivertion nelates teaicoating of an ien-condaitingrpolymdr an @inxi ng bl ade
Is rotated so the mxture forns a slurry. 1

electrode structure for an electrical component such as a primary and

secondary cell and an electric double layer capacitor.

Background of the Invention

In the prior art, in a lithium ion battery, a positive electrode h is
manufactured by mixing a mixture e of a powdered electrode active substance a
comprising LiCoQ., powdered electrically-conducting carbon b, a binder
polymer ¢ and a solvent d into a slurry, and applying it to a current-collecting
member f to form a compound film g, as shown in Fig. 14. The compound film g
of Fig. 14 is a partial enlargement of the mixfure e on the current-collecting
member f.

A negative electrode i 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.
15.

The mixing is performed for example by a planetary mixer as shown in
Fig. 17. The mixture is held in a container, and a mixing blade is rotated so the

mixture forms a slurry.



11 February 2004 A lithium secondary cell contains an electrolyte j between
the positive electrode h and negative electrode i, a separator k being

di sposed in the electrolyte j, as shown in Fig. 16. However, concerning the
el ectrode active substance a contained in the conmpound filmg,

dopi ng/ undopi ng of lithiumions is perforned during changiFeprusy®004

di scharging through the electrolyte j which perneated the voids in the
conmpound filmj, and if the particles of the electrode active substance a

are covered by Aflithiubi seeondzey gk tortaing am bl@ﬁtrbfgﬂﬂ@{')aéma@h&heiﬁo%ﬁiv‘éf om
penetrating the electrode active substance a, so battery performance

decl i nes. eftaidpdelh hAGhBgaLIVe Blelitb8e i 8ESArafR% Ing t*aﬁsgﬁgiéﬁ i of the

el ectrode active substance particles a covere y r polymer c, the

electroly | ] e.khem so passage of lithiumions is bl ocked
and the btgfe[dérpwéé'h%;rsac erFitlégédecl ine. If the anbunt of the added bi nder

polymer c is reduced in an attenpt to _increase the interstices. on the
particle surfacg@vmve{,;f@ngpgwgﬁ]g%e%e{rp%acgyﬁ)gp gacga @H@'@?i%@ﬁn of the
conpound filmg decreases, so cohesion between the el ectrode active

subst ance campouaddém g slopsigiuedoniag at bthitna irnsis Perionmedwuriagichestingct i ng
menber f gradually declines during repeated charges and discharges of the

battery, and disthasgingdbrdughrthe steclmdyteedichupetnoeated tieageidsfin the
el ectron-conducting properties. As a neans of resolving this problem

Japanese Eabroiunddils-jQaed ifttee paitRidDEHE degfddesasive sibktinted afeor m ng the

bi nder polyner ¢ as a nesh. However, even if the el ectrode active substance

a LZJBS&CE’?%“%@E%‘F; nler SEFReF CXRNIAT IR arRprblentBl R pBALKARYg ¢ the
the elec_trode active substance a, so battery performance declines.
" iEven if there are minute interstices on the surfaces of the electrode
active substance particles a covered by the binder polymer c, the electrolyte j
cannot penetrate them, so passage of lithium ions is blocked and the battery
characteristics decline.

If the amount of the added binder polymer ¢ is reduced in an attempt to
increase the interstices on the particle surfaces of the electrode active
substance a, the strength of the compound film g decreases, so cohesion
between the electrode active substance a or electron-conducting assistant and
the current-coliecting member f gradually declines during repeated charges and
discharges of the battery, and battery performance declines due to decrease of
electron-conducting properties.

As a means of resolving this problem, Japanese Patent Laid-Open Hei
10-106540 discloses a method of forming the binder polymer ¢ as a mesh.

However, even if the electrode active substance a is made to adhere in a

mesh-like fashion by the binder polymer c, the binder polymer ¢ which is used is
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2 11 February 2004 a non-ion conducting polyner, so ions cannot penetrate or
nove through the binder polynmer c. Therefore, in this case al so,
penetration of lithiumions into the electrode active substance a is

bl ocked as in the case of a prior art electrode. As a result, the battery
performance declines. In USP 5,641,590 (Japanese Patent11Bedr@pe00ii
9-50824), the inventors disclose a nethod for manufacturing el ectrodes
wherein an ion-conducting polynmer is added to the el ectrode instead of the
prior art alvionden copdugtirgy palymier,cdo idnssanndt fenatrate or envautbrough theoperti es.
However, in this case, the ion-conducting polynmer itself has a weak

adhesi ve bipdeepogiikras iThergfordlBh Ghi¥ casdatsd, théﬁaﬁﬁrﬁéﬂﬁﬁ% #ffisliif® substance
a when the conpound filmg is manufactured, does not permt nmanufacture

of a battﬂé’el@@?‘b&?géﬂe{ %qu%?él?dé’a .é)%f:feédﬁagﬁfhh@@é%e 61’§ G grused for

various types o C conponents, ave o satisfy stringent
safety cri hre fire case of a Ilithiumion
battery, 8&??/&8% a@nrggaﬁ,qgechaﬂp%pﬁ qesé%g@?ﬁd to hi g]tll tenpgrature and
as there is arj sk | gsion or fire if a |arge current ows due to a
short-circuit, E'h'f"gﬁyf’ gﬁPé BKS%%@SP@@F‘BL‘?'QTQF)W klei 88249 thehe | nventi on

It is an obJect of this invention to provide a device wherein an

i on- conduttwentprpdisglase a methed tarenanyfacivang elestradesovitredarsubst ance. It is
a further object of this invention to provide a nethod of efficiently

coat i ng an-comdiuetidg polyngerislagdded totheclkotrdds drikteatbst thegsriorldrt bimder f ur t her

object of this invention to provide a powdered substance

polymer ¢ which does not have ion-conducting properties. However, in this
case, the ion-conducting polymer itself has a weak adhesive force, and as it is
merely added to the electrode active substance a when the compound film g is
manufactured, it does not permit manufacture of a battery having satisfactory
performance.

Batteries are used for various types of electrical components, and they
have to satisfy stringent safety criteria with regard to fire, etc. In the case of a
lithium-ion battery, oxygen is generated if the LiCoO; is heated to high

temperature and as there is a risk of explosion or fire if a large current flows due

to a short-circuit, safety is a prime consideration.

Disclosure of the Invention

It is an object of this invention to provide a device wherein an
ion-conducting polymer is efficiently coated on a powdered substance.

It is a further object of this invention to provide a method of efficiently
coating an ion-conducting polymer on a powdered substance.

It is a further object of this invention to provide a powdered substance

3



3 11 February 2004 on which an ion-conducting polyner is coated. This
invention further relates to a press-sliding mxer which treats a mxture
of an ion-conducting polyner or ion-conducting polynmer raw material and a
powder ed substance so as to coat the powdered substance with the

i on-conducting polyner, the m xer conprising a contai nefl1rabruayy 2004t t om
surface for containing the m xture and a main bl ade which di splaces rel ative
to the bottom surface, the m xture being press-slid between the bottom
surface andvhitie amadomcbhddetincppalymier igcometiod wherein a m xture of an

i on-conducting polynmer or ion-conducting polynmer raw materi al and powder ed
substance is press-slid so as to coat the ion-conducting polyner or

i on-conducting polynmer raw material on a powdered substance, a powdered

substance coat egni ihlobn iufthef RIS b MRS UBIgARbAI Witki¥edisess sl 1ding a

m xture of an ion-conducting polynmer or ion-conducting polyner raw materi al

and a po 1 : bst ance..fornmed by coatjng,a powdered
el ect r bae M B 8T AEFEFna B HETHE of MR Griad bR e Pl Pel ML c ondar y
cells, with an ion-caonductin ol yner, and a powdered substance forned by
coati ng aaﬁe\ﬂj%‘?"é%@peﬂtasiﬁf@% %fg?? %)/%C%‘?IHS? RRwger §Hb%¥§n9‘?lwétﬁé§?r ode
structure for an electric double |layer capacitor. Brief Description of the
Dr awi ngs Rgcondydiing paligeathedxercsaprisinga sontinechadng adotigpst ance with
an ion-conducting polymer. Fig. 2 is a descriptive diagramof a
pr essur e- sbifdca éprrdondgiining the mixture and a main blade which displaces relative to

the bottom surface, the mixture being press-slid between the bottom surface

and the main blade, a coating method wherein a mixture of an ion-conducting

polymer or ion-conducting polymer raw material and powdered substance is

press-slid so as to coat the ion-conducting polymer or ion-conducting polymer

raw material on a powdered substance, a powdered substance coated with an

ion-conducting polymer obtained by press-sliding a mixture of an ion-conducting

polymer or ion-conducting polymer raw material and a powdered substance, a

powdered substance formed by coating a powdered electrode active substance,

used as an electrode structure for secondary cells, with an ion-conducting

polymer, and a powdered substance formed by coating a powdered electrode

active substance, used as an electrode structure for an electric double layer

capacitor.

Brief Description of the Drawings

Fig. 1 is a diagram when coating a powdered active substance with an

ion-conducting polymer.

Fig. 2 is a descriptive diagram of a pressure-sliding mixer.
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11 February 2004 Fig. 3 is a schematic view of the press-sliding m xer
wherein the bottom surface of a container is flat. Fig. 4 is another
schematic view of the press-sliding mixer. Fig. 5 is a diagram show ng the
manuf acture of an el ectrode structure conprising an el ectrode active
substance which supplies ions. Fig. 6 is a diagramof apy p{agﬁ}a;fggogtructure
conprising an electrically conducting substance wherein electricity noves
between ions. Fig. 7 is a schematic view of a secondary cell. Fig. 8 is a
front view of t#‘@. @ﬁ@é%‘cﬁbl'lr%‘tiﬁgfiéﬁlgﬁfhe pl%%g-sliain.llgsm&eP%EFé}h tife B¥tGH the
press-sliding mxer. Fig. I's a descriptrve dragram of a cohesion devi ce.
Fig. 11 i e . raph of Li Co42 which has not received any

pr ocessi ngu %egl.)te"i%ﬁ@"@ﬁ?%ﬁ%ctron m crograph of a positive el ectrode
structure obtained . in a third enhodinment. Fig. 13 is a photograph of a
secondary el ect Fi@nfds Arather sehematic yiew of e nipes-eliding MiXefhuct ure obtained in
the third enbodinent. Fig. 14 is a diagram show ng the manufacture of an

el ectrode struckigr 8 is adliggram shpwingdhe enarodactam Dﬁg;en slastrodastruaiureh suppl i es
ions according to the prior art. Fig. 15 is a diagramof an el ectrode

st r uct ur ecomppisingi angelectrede attivecatbsfancowtithtsupplies ksisance wher ei n
electricity noves between ions according to the prior art. Fig. 16 is a

schematic view pfg, 8 i§achagiany ofsh blcdteaediti@dre cohfhritiigan electrically

conducting substance wherein eleciricity moves between ions.

Fig. 7 is a schematic view of a secondary cell.

Fig. 8 is a front view of the press-sliding mixer.

Fig. 9 is a lateral view of the press-sliding mixer.

Fig. 10 is a descriptive diagram of a cohesion device.

Fig. 11 is an electron micrograph of LiCoO, which has not received any
processing.

Fig. 12 is an electron micrograph of a positive electrode structure
obtained in a third embodiment.

Fig. 13 is a photograph of a secondary electronic image of the positive
electrode structure obtained in the third embodiment.

Fig. 14 is a diagram showing the manufacture of an electrode structure
comprising an electrode active substance which supplies ions according to the
prior art.

Fig. 15 is a diagram of an electrode structure comprising an electrically
conducting substance wherein electricity moves between ions according to the
prior art.

Fig. 16 is a schematic view of a secondary cell according fo the prior
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5 11 February 2004 art. Fig. 17 is a front view of the press-sliding mxer.
This invention will now be described in nore detail referring to the

drawi ngs. (a) Press-sliding mxer As is shown in Fig. 1, a press-sliding

m xer is a device which press-slides mxtures of the ion-conducting pol yner
or its raw material 121 wth the powdered substance 11 t the

i on-conducting polyner 12 on the powdered substance 11'1??%?%%282?_@?' i di ng
m xer is shown, for exanple, in Fig. 2. The m xture 10 of the

i on- condugpi ng polynmer 12 or its raw material with the powdered substance
11, or the mxture 10 conprising this"m xture and a solvent or the like, 1is

i ntroduced into i ig‘g i 22 is rotated. There is a
gap between a bggge'cl?%%o th Sﬁpgei é%%s—ﬁh&gﬁjngggot tom surface of the nmain
bl ade 22. When the main blade 22 is rotated, part of the m xture 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
t he i on- conduct iTHip ipweRtias willznay betdeseabedrin moredetaddeterting tothwder ed
substance 11. A press-sliding mxer 2 may if necessary be provided with a
di sper si odrawingde 23 in the container 21. The dispersion blade 23 is rotated
at high speed to disperse the press-slid mxture 10. 6
(a) Press-sliding mixer
As is shown in Fig. 1, a press-sliding mixer is a device which
press-slides mixtures of the ion-conducting polymer or its raw material 121 with
the powdered substance 11 so as to coat the ion-conducting polymer 12 on the
powdered substance 11.
The press-sliding mixer is shown, for example, in Fig. 2. The mixture
10 of the ion-conducting polymer 12 or its raw material with the powdered
substance 11, or the mixture 10 comprising this mixture and a solvent or the like,
is introduced into a container 21, and the main blade 22 is rotated. There is a
gap between a base 211 of the container 21 and a bottom surface of the main
blade 22. 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.



11 February 2004 (b) Container The container 21 is provided for holding the
m xture 10 which is press-slid and stirred. The bottom surface of the
container 21 may be such as to permt press-sliding of the m xture 10, and
may be slanting as in Fig. 2 or flat as in Fig. 3. For exanple, if it is
slanting, it has a bottompart 2111, and slants upward h ttom
part 2111 towards the circunference. The center part ngy#EBH%#¥gg§£d in a

| ow position, and have a slope rising towards the circunference. The bottom
211 may be forned in the shape of, for exanple, a grinding nortar, and the
angle of the bottompart 2111 may for exanple be 120 degrees. The bottom

211 of th jner is wear-resistant, and is forned by thermal spraying
W th tunggq)g‘ﬁ&ﬁ)tsinggrbi de using SUS. Plural bottom parts 2111 of this type

may al so be forged on the bottom surface. (c) Miin blade The nain blade 22
functi ons togetﬁﬁe cRntainenvel SqreYeed der brldingrthemaixtueg ALVHER i1, serving to
press-slide and stir the m xture. The main blade nay have a nunber of

di f f er ent PesgRiid. arEbstiresdinpl g bottorpisyrfageof tim gonta{rey 21imay be sgicblasshaped or
pl ate-shaped and in Fig. 4(A), it is fashioned into a wde blade so as to
provi de atd pemeit pressastidirg efsthbahiwkea 10hand ohdpbe slartiag@asdh Ridie ocfitt ai ner
and the bl ade adjacent to it, thereby increasing the efficiency of

press-sl i d'stFizg.fa.t IRy r P, adieid §aﬁiiﬁ"dé1t5ﬁ@30§‘50tt69fpéﬁ2m,%ndi dlaftgs pl ural
t hough holes 224 as is shown in Fig. 3(B) and notched groove 225 as is shown

0 FT9. A Bhardd ol 8btichoh? b TP RSt BiBARIGIBRUE S Th L Baiteh O surf ace

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 container is wear-resistant, and is formed by
thermal spraying with tungsten or carbide using SUS. Plural bottom parts 2111

of this type may also be formed on the bottom surface.

(c) Main blade

The main blade 22 functions together with the bottom surface of the
container 21, serving to press-slide and stir the mixture. The main blade may
have a number of different shapes. For example, in Fig. 3 or Fig. 4(B), it is
disk-shaped or plate-shaped and in Fig. 4(A), it is fashioned into a wide blade
so as to provide a large surface area between the bottom surface of the
container and the blade adjacent to it, thereby increasing the efficiency of
press-sliding. If the main blade is disk-shaped, for example, it has plural
though holes 224 as is shown in Fig. 3(B) and notched groove 225 as is shown

in Fig. 4(B). The mixture is transported to a gap between the bottom surface of
7



the main blade 22 and the container via the through holes 224 or the notched
grooves 225. If the mxture adhering to the |lateral surfaces of the
container is renoved, stirring efficiency can be increased. For this

pur pose, nenbers adjacent to the lateral surfaces of the container, for
exanpl e scrapers 223, may be attached to the tip of th ' as shown
in Fig. 3 or Fig. 4. The scrapers 223 rotate together 3}F%bpﬁ£&%§pﬁ bl ade
so that mxture in the vicinity of the lateral surfaces of the container is

scraped otfe mitM bistle!72ANPHe Sshthinet DR t%thoQ@h"}ﬁﬂéb ?Q@ oPHd RBIcRUT ace of

t he contai ner and the blade surface. Hence, ress-sliding 1s performed with

hi gh effi &R@é | east, the tip of the main blade is to renpve the
m xture aghere %ztt)g'the | ateral surface of the container and may be

positi oned away from.t he in.blade for the |ndependent operation. In the
mai n bl ade 22, gtéﬁé‘?'fduir%gab?% t?]enlaéera&qrtchﬁ 023'99 EQRSHAAY to the
bottom part 2111 of the container 21 as shown for exanple in Fig. 2(B), and
i f the bofewmavedisdeg efficiensy canthe inereaseds| Eaf thig purposeumasaberswar ds” al ong
the bottom of the container fromthe bottom part 2111. The main bl ade 22

may conpadiEeentin thieddiesalsurizche df theocorthimes ot examplet saxapels @28, inmay-i g.
2(B), or it may conprise a |arger nunber of blades, e.g. 10 or nore,

dependi ng bemattdttied aehitip afthe MBf Bhdgiastshovn iTS§eaer eig.a. | apge nunber of
bl ades, a wi de blade having a wide base may al so be used. This allows

| _ '. M H 1 i .
arger SUghacR, _ 2?3 toete ﬁg‘%ﬁ%@.ﬂ%@%ﬁf E%IBHe sb%éﬁ@i/ﬂdtﬁ’ire%:tﬂé ‘i}ﬂ:ngflg; @22' By

efficient press I di ng. rotate a nai n not

por L " B B30 e P T 0 B Sy o
be set uIObie éehneth% bottom surface of the container and the blade surface. Hence,
press-sliding is performed with high efficiency. At least, the tip of the main
blade is to remove the mixture adhered to the lateral surface of the container
and may be positioned away from the main blade for the independent operation.

In the main blade 22, a shaft is attached in a position corresponding to
the bottom part 2111 of the container 21 as shown for example in Fig. 2(B), and
if the bottom surface of the container is slanting, it curves upwards along the
bottom of the container from the bottom part 2111. The main blade 22 may
comprise two blades attached from the center part as shown in Fig. 2(B), or it
may comprise a larger number of blades, e.g. 10 or more, depending on the
amount and type of mixture. Instead of a large number of blades, a wide blade
having a wide base may also be used. This allows larger surface for the
press-sliding action, thereby providing more efficient press-sliding.

The main blade is rotated by a main motor 222. By permitting the

blade to rotate freely in the reverse direction, more complex press-sliding

control can be performed. A sympathetic flow may also be set up in the

8



11 February 2004 m xture due to the rotation of the main blade, so
synpathetic flowis prevented by reversing the main bl ade during the
rotation. For exanple, forward rotation is perforned for 10 seconds, the

bl ade is stopped, and reverse rotation is then perfornmed for 10 seconds. By

repeating this action, press-sliding control is perfor heal |y
I dentical results for press-sliding were obtai ned when Vfﬁ?gﬁﬁgggbgﬁd forth
reverse control was perforned for approximately 30 m nutes, and when

ot ati on bhReaSETPYY IGBAIGON 18 ndR HAIITSE i ARBRONT Bleedted 10U o

There are SO man er rotation net exanpl e the ' rotation angle
can contipnuously. be, suit.ably, varied,like . a sSi curve tc. The, r.otation
choed of PREsVeringing main e Finri e ifates | For Bbiibte. o GiardiSielGh ™! or
exanple to 120 rpmor |ess, when press-sliding is perfornmed. The gap

bet ween t igPastarmes fon P sesonds tthe igisteppeth agddeverseratationdsithedte of the
mai n bl ade 22 is set as narrow as i s necessary for press-sliding the

m xture, performethfird Msecomdsr Bygepeatirigsthill actims presspdining oontrdles capacity
of the press-sliding mxer 2 and on the shape of the main blade, etc. For

the main pedoen@? hRractigalyhidenticdl iresularfos pags-ghdiny woedobtainedoyhén t he
surface in the notion direction (press-sliding direction) of the main blade

22 is f0fH@€a§l@ah&%rtﬁréVe@§ébBﬂtr@\%sﬁp@r‘f&r@ﬁ@d forapboifatdh Bb Mnbitysf ace of
the container 21 is an acute angle. For exanple, if the cross-section of

the i 0 oBl 3R ZpdorriniRUSEAR AFAREE AL ASHERMN Dpbldimdld o the

pressing angl'e s trom egrees oss-section of the
T Bt o P Shedh 6n Shp ol Y sS eBet S SR B B
and is forned for exanple by thermal  spraying with tungsten or carbide
usi ng Susangle can continuously be suitably varied like' a sine curve, etc.” The rotation
speed of the main blade, i.e., the number of rotations, is set low, for example to
120 rpm or less, when press-sliding is performed.
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 mixture, for example 15 mm or less. This distance depends on the
capacity of the press-sliding mixer 2 and on the shape of the main blade, etc.
For the main blade 22 having the particular shape described in Fig. 2,
the surface in the motion direction (press-sliding direction) of the main blade 22
is formed so that a pressing angle 8 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. 2(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. 2(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.

9



9 11 February 2004 If a surface in a direction opposite to the notion
direction (press-sliding direction) of the main blade 22 is formed for
exanpl e effectively perpendicular to or at an obtuse angle to the bottom
surface, the m xture 10 can be collected around the main shaft 221 by
rotating the main shaft 221 in the reverse direction. HbeBﬂkﬁK@U94p|Ura|
bottom parts 2111 on the bottom surface, the center parts of the main bl ade
22 are al so disposed in positions of the bottom part correspondlng to their

nunber. (d) Prefss ghriglidg SoiRsdionl dgfiditteits tﬁ@ﬁqo%h'mcﬁ&n BhredsRfding!
pressing m xtures 10 of the | on- conduct i ng pol ymer or the raw terlal

S erat PRSP0, B e e s‘sﬁ@ﬁ%ﬁeﬁn@v@gﬁﬁ@kg&ezzﬂegt
dth

btain a b o6t & phfi 5 Frailitne ieoRsiiaredbs ks dORORE FOIHIEN Lo t he

powder ed substance 11 |f necessary. For exanple, the m xtures 10 are

br ought i ﬁf@ﬂ%ﬂ'@dﬂa@(ﬁhﬁﬂcﬂbw refging theymain éb’(@féﬁaélln they ¥erse t he ni xt ur es

10 between a main blade 22 and the bottom of a container, the m xtures 10
sl i de anddirectinre due to a rotation of the main blade 22, and an
I on- conducti ng pol ynmer or ion-conducting polyner raw material 121 is

thereby coated {fihéfearepigel BEtemsErRNZeI11dn thEbettdrf shefater thedtentseat edly so
t hat the ion-conducting polyner or ion-conducting polyner raw material 121

s adsor bedr@riemshobdafad e ARYRRIRLCS W BhEGRs of Mrbétsinipaf conducti ng

pol ymer or 1on-con ting polynmer raw materi
corresponding to their number.

(d) Press-sliding

Press-sliding is the action of sliding while pressing mixtures 10 of the
jon-conducting polymer 12 or the raw material of the ion-conducting polymer 12
and the powdered substance 11 together. An external force is applied to the
mixtures so that they cohere fo each other and the particles rotate, and this
process is performed repeatedly to obtain a press-sliding product:

In this process, a rotation is given to the powdered substance 11, if
necessary. For example, the mixtures 10 are brought into mutual contact by
applying an external force to the mixtures 10 between a main blade 22 and the
bottom of a container, the mixtures 10 slide and rotate due to a rotation of the
main blade 22, and an ion-conducting polymer or ion-conducting polymer raw
material 121 is thereby coated on the powdered substance 11. This is
performed repeatedly so that the ion-conducting polymer or ion-conducting
polymer raw material 121 is adsorbed by the whole of the powdered substance,

and the ion-conducting polymer or ion-conducting polymer raw material 121

10



10 11 February 2004 covers the surface of the powdered substance 11.

(e)

Di spersing bl ade The di spersion blade 23 is intended to disperse the m xture
10 which has been press-slid by the nmain blade 22. The di spersion bl ade 23
is disposed in a position at which the m xture 10 can be dispersed, and it

at a high speed such as 1000-4000 rpm Due to {pkéPMégggg@fed

rot ates
rotation,
particle
t he whol e
sur roundi
| ow cl ay
bl ade 23

the 1ion-conducting polyner 12 or its raw materi a

ed on the

surfaces of the powdered substance 11 unifornly di sperses through

f i.xture adheres on the area
ﬁ%’e‘tr%y%ﬁﬁ%éﬁ%?ﬂ%@%&?%&%@??%I ade 22 when in firmm xing or
di spersion and tends to be ununifornmed m xi ng. The di spersion

is positioned on the main shaft 221 of the nmain blade 22,

rotating

the same fromthe dry m xing stage to prevent the adhesion on the area
surr oundi (®) Ripeensiiabledart 221. (f) Powdered el ectrode active substance The

powder ed

substance 11 has a small particle size, and is a powdered

el ect rode acti vEhs dispiessior btadea2d sidtanaeddb elispersea e/ mibductutd imhich subst ance

used, for
mat eri al

capaci tor
permts i
el ectrica

exanpl e, in secondary cell electrodes or a powdered |arge
Was Bean lppegesIflby Giemaireblade e, | IMhndisp&sion ladealie | ayer

surface

.. The powdered el ectrode active substance may be a material which

FRFOLAAT 238 ABAT SOREImbAE 16 Eaod issBua B ates
at a high speed such as 1000-4000 rpm. Due to this high speed rotation, the
ion-conducting polymer 12 or its raw material coated on the particle surfaces of
the powdered substance 11 uniformly disperses through the whole of the
powdered substance. The mixture adheres on the area surrounding the main
shaft 221 of the main blade 22 when in firm mixing or low clay dispersion and
tends to be ununiformed mixing. The dispersion blade 23 is positioned on the

main shaft 221 of the main blade 22, rotating the same from the dry mixing

stage to prevent the adhesion on the area éurrounding the main shaft 221.

(f) Powdered electrode active substance
The powdered substance 11 has a small particle size, and is a

powdered electrode active substance or a powdered electrically-conducting
substance used, for example, in secondary cell electrodes or a powdered large
surface material with a large surface area used in an electric double layer
capacitor..

The powdered electrode active substance may be a material which
permits insertion and separation of ions, ora mx-conjugated

electrically-conducting polymer material.

11



11 February 2004 There is no particular Iimtation on the el ectrode active
material used as the positive electrode in a non-aqueous electrolytic

battery, but in the case of a rechargeable secondary cell, a chal cogen
conpound permtting insertion and separation of Iithiun1ions or a conpl ex
chal cogen conpound containing lithium may for exanple ke E@gae 'S no
particular limtation on the el ectrode active substance use é¥

negative el ectrode in a non-aqueous el ectrolyte battery, but a rraterl al

permitiing | nserheRisHiosmeatn it ohithd elBiRRSacY MaeHartkeysl as

lithium netal, lithiumalloy ( a oyso |th|uman umnum

I ndium e nj,ugat ed onductlng
ndim - ebe bosi et REAR B esmsE%%?@élxﬁ? Prug. B e Bareete

pol yt hi ophenes ar | enes car bazol es, pol yacenes and
sul fur pol?fT[}E@'Q ﬁgﬁéegﬂﬂé%y&?}'eg 85?‘\&393!‘ Icﬁn&ﬂ%@dﬁrﬂﬁﬁ'@ﬂﬂiﬁ%an‘ﬁcreases
the electrical conductivity of the electrode structure, there being no
par ti cul asepaiation(of fihiumteneena complerchalcpgenri serpantd cantsining dtkdem may be
used. As carbon powder, pyrolytic carbon such as carbon black and its

gr aphi ti zadyolor pxachpés be usadt i ficial and natural scaly graphite powder, and
carbon fiber and its graphitization products, are suitable. M xtures of

these carbon pow@resusrmypambﬁnarhmntuﬁ@nﬁlonﬁbh@@YMfo@@ éﬁtﬁétshﬁgfén%é%bance with
a large surface area is a powdered |arge surface material that may draw

TR e PRI B b8Stoadin RIEASHTRRSRILEIRIRE LAAT S AR 611"
larger, T yYEAREnd RsErRie &l 88 atation of lithium ions may be used such as lithium

metal, lithium alloy (alloys of lithium and aluminum, lead and indium, etc.), and

carbon materials.

Examples of m-conjugated conducting polymer materials are
polyacetylenes, polyanilines, polypyrroles, polythiophenes, poly- o
(para)-phenylenes, polycarbazoles, polyacenes and sulfur polymers.

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 and natural scaly graphite powder, and carbon fiber and its
graphitization products, are suitable. Mixtures of these carbon powders may
also be used.

A powdered electrode substance with a large surface area is a
powdered large surface material that may draw many ions on that surface. A
preferable powdered large surface material has its specific surface area of

500m?/g or larger, more preferably 1000m2/g or larger, further more preferably

12



12 11 February 2004 1500nzlg- 3000n21lg, and its average particle dianeter of
301 mor lower, nore preferably 5-301 mcarbon material. If the specific
surface area and the average particle dianmeter are out of the
above-specified range, and it may be difficult to secure a high

el ectrostatic capacity and a | ow resi stance el ectric d‘Pf"'Péﬁru!aQ’?ﬁM
capacitor. A preferable powdered |arge surface material especi y Is

activated carbon resulting fromactivating the carbon material such as by a

steam acij P . . . ' ' t The

acti vat ed]i Sg%gg%%oﬁﬁeﬁ% 'g%va%aég%%gﬁ'dﬁ@%tb}égf ?@%Pecgq@gfgﬁc%?rea phenol
activated ar bon . petrol eum caoke type activated carbon d pol yacenes.
e of ¢ nereiaiagis-aBi RitabeR HRERRT . HE8 Secibitestamasndille bre’ mor o
activated carbon types may be enpl oyed. Phenol activated carbon, a

pet r ol eunP¥yREeANMCle diameter ate @QF @fd%? abeyespesifigd Fange. andit pravkd abl e since
they provide a larger electrostatic capacity. (g) lon-conducting pol yner
The i on- cdiffibutittorsgeprd § high ¢lectiogiatiy capadityl arfd a dow désistanee efactlieast t he
lithiumsalts described hereafter at a concentration of at least 0.1 M

(ol es/ 1) doubledayst dapatiteront ai ning the lithiumsalt at a concentration of at
|l east 0.1 Mhaving an electrical conductivity of 10"8 S (sienens)lcm at

room t enperat Urﬁaréferélﬁg}p;bgv ecﬂ’ﬁér?é%ﬂ%&é}‘r?afié éleésrp%@iatllpfi’é ah Btivated

I on- conducti ng pol yner ol ves at | east thiumsalts to a concentration

o ot L 3Mogt 85483 i BTGRP b LR £SBHE T2 s
's at | eag'&ti\?a ilengtt}lé)aef\m%%t .lel}lé gifﬂgéé %dH g%%f\i/aq%g%eoaﬁrﬁeng%'ﬁ% activated

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

carbon, a petroleum coke type activated carbon, and polyacenes. One of the

above activated carbon types or combination of two ore 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.

(g) lon-conducting polymer

The ion-conducting polymer is a polymer which can dissolve at least the
lithium salts described hereafter at a concentration of at least 0.1M (moles/l),
the polymer containing the lithium salt at a concentration of at least 0.1M having
an electricai conductivity of 102 S (siemens)/cm at room temperature. |tis to
be particularly preferred that the ion-conducting polymer dissolves at least
lithium salts to a concentration of 0.8M-1.5M, the resulting polymer solution
having an electrical conductivity of 10 S/cm - 10° S/cm at room temperature.

The lithium salt is at least one type of lithium salt having ClO4, CF3SOs5,
13



13 11 February 2004 BF4 PF6 , AsF6 , SbF6 , CF3CO2" or (CF3SQ2)2N' as anion.
The ion-conducting polyner raw material is a substance which produces the

i on-conducting polymer by cross-linking, etc., when energy is supplied
externally. The energy may be heat, ultraviolet light, Iight or electron

radi ation. The follow ng sections shows an exanpl e enpl ‘?it’iF'éBr@ar?‘%?ﬁr ed
el ectrode active substance coated with an i on-conducting polyner. (a)

El ectrode structures Electrode structures are used as el ectrodes in these

el ectri caBF,CPFRORRFLS SBFEhCFSCR,SEC@FIR0L) M lds AHighan el ectric double |ayer
capacitor, and exchange el ecfrical chargés with 1ons or draw ions. For this

CibStante cout oq it RoARSt A RAet Fakihieie) BB B HheR REh e 1o

substance coated wt ng po adhere to a

current-caql | ctiz .rnsn‘org{@.i For instaﬁce tgﬁ‘)&, hav&aa Eonstruct_i on in which
the powdePEYUCEP @?Rﬂi‘é‘) qting RAlyraeLRY. Grassaimking, offt WBEN 886l i§ powder ed

| arge surface material with a |large surface area used for an electric

doubl e | ayepPlieshRxenaly; sThaspergyomay e keatoulirayiletdight, dight eceleniomenber .
Fig. 5 shows a process for manufacturing an el ectrode structure 1 wherein a
powder ed e&ldiatiorode substance, i.e., a powdered el ectrode active substance
11 conprising particles of a conmpound such as LiCoQ2 is coated with an

i on-conducting polynmer 12, and is made to adhere to a current-collecting
menber 13. Likew se, Fig. 6 shows a process for manufacturing the el ectrode

14 The following sections shows an example employing a powdered

electrode active substance coated with an ion-conducting polymer.

(a) Electrode structures

Electrode structures are used as electrodes in these electrical
components such as a secondary cell and an electric double layer capacitor,
and exchange electrical charges with ions or draw ions.  For this purpose, they
have a cohstruction in which a powdered electrode active substance coated
with an ion-conducting polymer, is made to adhere to a current-collecting
member. For instance, they have a construction in which the powdered
electrode active substance used for batteries or a powdered large surface
material with a large surface area used for an electric double layer capacitor is
made to adhere to a current-collecting member.

Fig. 5 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 compound such as LiCoQ, is coated with
an ion-conducting polymer 12, and is made to adhere to a current-collecting

member 13. Likewise, Fig. 6 shows a process for manufacturing the electrode

14



11 February 2004 structure 1 wherein a powdered el ectrode substance, i.e., a
powdered el ectrode active substance 11 having a form such as that of
graphite or hard carbon is coated with the ion-conducting polyner 12, and
is made to adhere to the current-collecting nenber 13. A powdered |arge
surface material such as an activated carbon as the porppéggigﬁé 4 sur face
mat eri al such as an activated carbon as the powdered el ec rog subst ance
may be coated with the ion-conducting polymer and is adhered to the
current-cgll ' : r r f ctric
Goubl o 1 agatile THEEARS b RueRiiBlelRods SabiaNCE T, FhuhipRl 0ol
conductivity of the po red ectrogde tjve supstance 11 is lL.ow. The
clectri capcterauiistindd I it e Topiehas Brbefodnbte 3 hul dabBpifice and

bet ween the powdered el ectrode active substance 11 and current-collecting
nmenber 13¢oatediwith Bigdea-candueting pelymesdg. aod ismeidedo adhees ¢ i nproved by
m xing with a powdered electrically-conducting substance 14. The powdered
el ect ri cabuyentscaliectingmensiodrst3an ok powdeesd argerayriace matercaistieb asiarh t he

i on-conducting polynmer. "Coating" refers to a state of contact wherein ions
can easi | ¥ciNg6@tarbopeisepdwdereatargersiiiicengatedhlysmih 42anadtivatadpowder ed

el ectrode substance, i.e., the powdered el ectrode active substance 11 over
their ent bhfbohtid figGontiered Rodtomailidiicfiay Yol defediifithé! over their
entire surfaces. Th | on-conducting polymer 12 is coated on the surface of

e POl RO e LR e SRR E R 55
e Do LSl AL 55 0 o e B8R FSBTRR D

to give greater _stability by coating ) o
Fig. 5 shows the case where the electrical conductivity of the powdered

electrode active substance 11 is low.  The electrical conductivity in the
powdered electrode active substance and between the powdered electrode
active substance 11 and current-collecting member 13, is increased and the
current-collecting efficiency improved by mixing with a powdered
electrically-conducting substance 14. The powdered electrically-conducting
substance 14 may or may not be coated with the ion-conducting polymer.
"Coating" refers to a state of contact wherein ions can easily migrate
between the ion-conducting polymer 12 and the powdered electrode substance,
i.e., the powdered electrode active substance 11 over their entire surfaces or
the powdered large surface material over their entire surfaces. The
ion-conducting polymer 12 is coated on the surface of the powdered electrode
active substance 11 or the powdered large surface material so that the latter is
covered by the ion-conducting polymer 12. The powdered electrode active
substance 11 becomes more active the finer the particles of which it is

comprised, but its activity can be suppressed to give greater stability by coating

15



15 11 February 2004 with the ion-conducting polymer 12. If the layer of the
coated ion-conducting polyner 12 is thick, conductivity decreases and
current-collecting efficiency is poorer, so it is preferably thin. The term
"powdered” as used in the powdered el ectrode active substance 11 or the
powdered el ectrically-conducting substance 14, or the @PF@Phﬁnggbge
surface material refers to a substance having a fine particle tate. In
sone cases, it may refer to a state wherein a | arge nunber of substances

having a {iR@h8dsn-tehdudindipblpher 499! onerated. (b) Secondary cell The
secondary cell conprises the 1on-conducting substance di sposed between two

types of the el 1. LS | - =Dy

i ntroducing a | ﬁghé %ﬂcﬁ%@éﬁgaéhggﬁ(@@&@%%é &gé#hé(ﬁ(’ é’?égﬁﬁa’&g
structure, 101 of the ositi\{e el ecirode and an el ectrode structure 102 of
the negat AGEEaspaED entcalleftOgRITICENSY SHRATeE 5P s e ¥ RAem as shown
for exanple in Firgt.é 7/(A). Aternatively, it is fornmed by disposing a solid
el ectrol yte subdhaiesn "rawdered” ap used-ir ivipewvdegdriegiiede adtiveet ween t he

el ectrode structure 101 of the positive el ectrode and the el ectrode

st r uct ur e sabtaote tl her tleg powderas electrivdly-casdsdtmgnsuibstaricg. 14 (dB)the (c) El ectric
doubl e | ayer capacitor The electric double |ayer capacitor has a

construct Fom:dlered/\lairg@sm@ce preneieiledfdra g stbsfanes haRing a Aihe partitded to forma
pair of electrode structures and an electrolyte substance is di sposed

bet veen 1t BgatPal fn HmEc8EES, dkadGefer to a state wherein a large number of

substances having a fine particle state are agglomerated.

(b) 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
electrode, and disposing a separator 15 between them as shown for example in
Fig. 7(A). Alternatively, it is formed by disposing a solid electrolyte substance
such as an ion-conducting polymer 16 between the electrode structure 101 of
the positive electrode and the electrode structure 102 of the negative electrode

as shown in Fig. 7(B).

(c) Electric double layer capagitor
The electric double layer capacitor has a construction in which the
powdered large surface material is used to form a pair of electrode structures

and an electrolyte substance is disposed between the pair of electrode

16



11 February 2004 structures. The follow ng sections explain a nethod of
manuf acturing a powdered el ectrode active substance coated with an

i on-conducting polymer. (a) Action of press-sliding mxer Wen the powdered
substance 11 is to be coated by the ion -conducting polyner 12, the main
bl ade 22 in close contact wwth the nortar-shaped botto t he
container 21 of the press-sliding mxer 2 is rotated a?a gaﬁggggg§4and t he
m xture 10 of the ion-conducting polyner or its raw material 121 and the
powder ed §H@§hﬁ£§e 11 is introduced into the container 21. As the m xture
10 is pressed into the gap between the bottom surface of the container 21
and the main blade 22, the ion-conducting polyner or its raw material 121 is
adsorbed on the surface and voids of the powdered substance 11. A cycle

t akes pl ace wherei he press-slid mxture 1 te rarjly rises up the

ot tar - shaped B0E HCHIRG SERIASAARINE DRETAH oATaBRACHAGS RORRRET 21 due t o
the rotation of the main blade 22, then the m xture 10 introduced into the
cont ai ner electrode astive anbstanege coatedovitihanror-eanguetingardymer. press-slid on the
bottom surface of the container. In other words, due to the cycle wherein

the mxture 10 is pressed and rises and falls at the sane tinme, the m xture
10 in the container is press-slid an equival ent nunber of tines. Mre

speci fi CagéQYActfdh%fﬁfr%é‘»sﬁdlih infigefm xer is supported on the supporting
platform 24, the container 21 is raised by the handl e 241, and the device is

controlled by t Qgh&PRE RIwdd88 substantd 14s E6BE RSP the ion

-conducting polymer 12, the main blade 22 in close contact with the
mortar-shaped bottom surface of the container 21 of the press-sliding mixer 2 is
rotated at low speed, and the mixture 10 of the ion-conducting polymer or its
raw material 121 and the powdered substance 11 is introduced into the
container 21. As the mixture 10 is pressed into the gap between the bottom
surface of the container 21 and the main blade 22, the ion-conducting polymer
or its raw material 121 is adsorbed on the surface and voids of the powdered
substance 11. A cycle takes place wherein the press-slid mixture 10
temporarily rises up the mortar-shaped bottom surface from the bottom 211 of
the container 21 due to the rotation of the main blade 22, then the mixture 10
introduced into the container 21 falls down relative to the risen part and is
press-slid on the bottom surface of the container. In other words, due to the
cycle wherein the mixture 10 is pressed and rises and falls at the same time,
the mixture 10 in the container is press-slid an equivalent number of times.
More specifically, the press-sliding mixer is supported on the supporting
platform 24, the container 21 is raised by the handle 241, and the device is

controlled by the control panel 25.

17



First, the powdered substance 11 (containing an additive) is nmeasured 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 nmeasurenent, and a val ve 341 of the
powder ed substance input port is automatically opened byqgphaiitogpgmmmand.

Si mul taneously, to elimnate neasurenent errors frompressure rise in the
contai ner due to introduction of the powder, a discharge port 32 fitted with

an aspiration ' Qogﬁpﬁgh S hat Ar-TN O| | ar ged.
Next, a val ve 35‘1'-5%1%%&8%%%?& port %é?gfcﬁae'hl n%f@"ﬂ%fﬂ@%)i'ﬁf%o @%@r or its
raw mat eri | Sy r I ts raw nmaterial s neasured out
manual | y 8r6{’a8{5]t%o'ﬁ§§$§%q ﬁglgln%BﬁWEg,b%ﬁg%%s?‘{"meommgp%%ﬁf‘a[rh@? an‘Pnf'ﬂtg%sama way
as the powdered substanCﬁ After in_i(r oduction of the powdered substance and
i on- condu&Y$HRE FopaavrRg hopreronthadike s mstalled ahayedhe powesreédput val ves
331, 341 are closed. Further, if warmwater at 30 Cis recirculated through
a j acket subgtapee imuit Pont 34 fosstarage antoneaswemeand, arfd a ivalveditieottiesubst ance
and the ion-conducting polynmer or its raw material, the wetting efficiency

can be i ppwdesst sidmstenes inpuhportas pateehatiadallp opeasd siianginpat s@mmang. used,
processing is performed at ordinary tenperature. Next, the main notor 222

i's rot at edimlitanddUkg kS efimiHate PRstsutOmERMrbRSrofiprbsdiie Hieqh thde

i
i on-conducting polynmer or its raw nmaterial and the powdered substance is

press-sli @gﬁ%ﬁﬁ%éIB%G&E)S(ﬂfansdfrtﬁé“f)%vﬂfer,@ﬁp%@&&;%m?g%itt {i%fhh mai n

bl ade 22, e 1 on-conducting polynmner ‘or . aterial gradually
e s SRAPE T2 BOHLRPR LIS A Bk hoPhe ¢
mxture 10 18 Next, a valve 331 of an input port 33 for the ion-conducting polymer or

its raw material is opened, and the polymer or its raw material is measured out

manually or automatically and introduced into the container in the same way as

the powdered substance. After introduction of the powdered substance and

ion-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 ion-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.

Next, the main motor 222 is rotated at a low speed of about 10 rpm, the
mixture 10 of the ion-conducting polymer or its raw material and the powdered
substance is press-slid between the bottom surface of the container 21 and the
main blade 22, and the ion-conducting polymer or its raw material gradually

begins to penetrate the powdered substance. At this time, the press-slid

mixture 10 rises up the container at the tip of the main blade 22, the mixture 10

18



11 February 2004 falls down from above the center part of the container, and
a turning over action takes place in the container over its entire
circunference. This is repeated regularly so that the whole m xture is
uniformy press-slid. After repeating the action for approximtely 1 hour,
the rotation speed of the main shaft 221 is autonaticatfﬁe&ma Qﬂ@Aly

I ncreased to 60 rpm and when wetting of the m xture as reached
effectively half of the surface area, a vacuum punp 353 of a degassing port

35 I's ope a%‘?jgg\g?f{or it Out %%Héﬁ p%?ﬂof'tflﬁ%ﬂ&ﬁﬂe Qﬂgﬁ%ﬂﬁﬁib@ra t%nloerfor med

via a f|| hour er vvor e mal

press-slides the mxiure e.degassing i erfor ng and
Denot 1 at | (RS8P 0B Bring! vt E AT Fr PGt TS s EReBidmt or  a i n
the powdered substance is pronoted. Here, care should be taken when a | ow
boi | i ng- pmqwar%rq/ﬂmtt.%waaﬁeewwet 'ﬁé‘ﬁ'feﬁnbfd?féﬁ%'ﬁl"i’rg pievepeaing thes raw
material to pronote dispersion in the powdered substance, as the

concent r agtlin tor appsedmiataly dthunethedntaéioncameeﬂmtlm)nwmshdt 22148 raw nateri al
I ncreases and di spersion becones difficult if suction degassing is

cont i nuouattniatichtly oe thdnually indrghsedioud O drh osved whdhevettheg ef that mixturdegassi ng
has reached about 70% after degassing for approximately 1 hour, the

di sper si ongHaad8atbited Qﬁ@ét%lﬁﬁal?@pl@herﬁﬂafc@ e8P YScuth %)I&ﬁiéawof &b)
Extraction of press slid mXture After press-sii d| ng, the powdered substance

7 oo AR o R AR BUELLRG AROIEY 5 PR BT 0,

m xture 1Ps Iesrf nr'nee%swa a felfjer%%ijgr about 1 hour. In other words, the main blade
22 press-slides the mixture 10 while degassing is performed, so wetting and
penetration dispersion of the ion-conducting polymer or its raw material in the
powdered substance is promoted. Here, care should be taken when a low
boiling-point solvent is added 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.

(b) Extraction of press-slid mixture
After press-sliding, the powdered substance input port valve 341, the
ion-conducting polymer input port valve 331, a discharge port valve 321 and the

degassing port valve 351 are closed, the mixture 10 is pressurized by
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11 February 2004 introducing an air pressure according to the viscosity of

the mxture 10 froma pressurizing port 31, for exanple an air pressure of
approxi mately 5kg/cn2, and it is then extracted froma discharge port 36.

Alternatively, if a valve 361 of the discharge port 36 is opened al one

wi t hout pressurizing the container and the nmain bl ade 23 ,?gg@4|n t he
reverse direction, the mxture 10 collects in the center part of the

cont ai ner botton1 so the m xture 10 can be discharged naturally fromthe

di schar geiiducitly an @ir dﬁ&ﬂr@%ﬁb%rrﬁ tc?th%%é&fjs‘ﬁytb‘? %ﬁ‘uﬂﬂré"?@tfro'n? gadded to

the press-slid mxture to liquefy 1t"to a paste ed to the

current-c {}g ;Eﬁpg r te_t he

sol vent . }'% e(rhln'g Fvely, ﬂfﬁéggg”\}?gé ?R@Eﬂﬂ%é&%{g&g pﬁg ﬁ'ﬁ@tﬁiﬁ&%ﬁ' ?P%m t he
begi nni ng.a nade | aste as it ubj ected to press-sliding. The
resul ting téﬁ erﬁ‘gérﬁ"fg W@&%PPH%QM paste-like is thinly applied to
t he surface of the current-collecting nenber. After application, the

sol vent evapor afdemsgiwely if @svalve 361 af the disckargetpastias is epenast alongevi ces
which are suitable for applying the press-slid substance to the

cur r ent - c@litheuot pregsodnibgrthe sohiaitesr analrtherpaipl dada 28 ¢ tatatddrinftiee appl i cat or.
The applied press-slid substance may be pressed against the

current - cedVersé directidiThee niigtup@ke dotleétdhﬁth?e Eéntief paﬂrdrtﬁé Eomalner To achieve
this, a bonding device 4 may for exanple be used. The press-sli d subst ance

can be maggib 26MRE rn.scmré he Q%Wrreeﬁ.%cﬁal A Gt ft%lupzrgtﬂ?thé?énsaﬁé the

el ectrode structure 1 conprising the cu rent I ng rrenb oated with
t he 20 36

(c) Manufacture of electrode body

A solvent is added to the press-slid mixture to liquefy it to a paste which
is applied to the current-collecting member, and the product is dried to
evaporate the solvent. Alternatively, the solvent can be added to the mixture
from the beginning and made into a paste as it is subjected to press-sliding.

The resulting substance which is press-slid and paste-like is thinly
applied to the surface of the current-collecting member.  After application, the
solvent evaporates and dries to obtain the electrode structure. Devices which
are suitable for applying the press-slid substance to the current-collecting
member include, for example, a doctor knife applicator.

The applied press-slid substance may be pressed against the
current-collecting member to make it adhere to it more strongly. To achieve
this, a bonding device 4 may for example be used. The press-slid substance
can be made to adhere to the current-collecting member by gripping the

electrode structure 1 comprising the current-collecting member coated with the
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11 February 2004 press-slid substance between pressure rollers 41, applying
a pressure to backup rollers 42 by a pressure device 43, and rotating the
rollers. Description of the Preferred Enbodi nents Hereafter, an enbodi nent
of alithiumion secondary cell will be described. (a) Exanple of

manuf acture of positive electrode structure (Exanple 1)1PrdpiRhgbooparts of
Li CoO2 of average particle size 5 u mwhich is a powlered el ectrode active
substance, and 0.6 weight parts of graphite powder of average particle size

U mwhi BRessSig SUPLERICBhAWBER DIy raIRAE YS! 2PlyInBUPBIARGR, torer ©

introduced into a press-sliding m xer, and press- 0O mnutes. Next,

0. 546 wei 0 i.qNn- : | p . ial (A) and 3.5
wei ght pagg(ték@?rr Olggresté)zms?rai %S%@g‘@fﬁa@%@- %@%ﬁ@gﬁﬁﬁﬁshg pol ymer raw
material (Al) was a m xture, and its conmposition and mxing ratio are shown
in Table 1. [Table 1] The press-slid substance to which the ion-conducting
pol ymer raw materi al iDAI was_added, was press-slid in the press-sliding
m xer f or Dssefiftion of tire Pretesias Embadierisance was paste-like. 0.254 wei ght
parts of polymeric MO, MR-200 (NPU Co.) was added to the press-slid
subst ance, and Heeeatfiextan embstimemtdbffalithimriomsezondant ¢edl willdss- sl i di ng

m xer. The press-slid substance was renoved, transferred to al um num foil
of thickngsscriféddu m and spread by a 21 11 February 2004 doctor knife
applicator of 100 p mgap. The resulting product was |eft at room

(a) Example of manufacture of positive electrode structure (Example 1)

9.1 weight parts of LiCoO; of average patrticle size 5 g m whichis a
powdered electrode active substance, and 0.6 weight parts of graphite powder
of average particle size 4 ¢ m which is a powdered electrically-conducting
substance, were introduced into a press-sliding mixer, and press-slid for 20
minutes. Next, 0.546 weight parts of an ion-conducting polymer raw material
(A1) and 3.5 weight parts of acetonitrile were added. The ion-conducting
polymer raw material (A1} was a mixture, and its composition and mixing ratio

are shown in Table 1.
[Table 11

The press-slid substance to which the ion-conducting polymer raw
material (A1) was added, was press-slid in the press-sliding mixer for 5 hours.
The press-slid substance was paste-like. 0.254 weight parts of polymeric MDI,
MR-200 (NPU Co.) was added to the press-slid substance, and the mixture
stirred for 5 minutes in the press-sliding mixer. The press-slid substance was

removed, transferred to aluminum foil of thickness 20 « m, and spread by a
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tenperature for 15 mnutes, and then heated at 80 C for 1 hour. The

t hi ckness of the positive electrode structure obtained was 80 At m The sane
ef fectiveness is seen when spreading by a doctor knife applicator of 200p m
gap. (b) Exanple of manufacture of positive el ectrode structure (Exanple 2)
9.0 weight parts of LiCoO2 of average particle size 5 pimpapy 2803
powdered el ectrode active substance, and 0.6 weight parts of ketjenblack and
0.2 weight parts of graphite powder of average particle size 4 u mwhich are

powder ed dbetdrﬂ(h%'a'p?ﬁﬁétﬁﬂyﬂ(bmgiﬁv . aNEIRS re sttty proidUecas teft 8f @om
press-sliding m xer (capacity 300cc), and press-slid for 20 m nutes. Next,

L. 172 wel @lihoBaiire B 18TninAsC SAG WS AGRAINERY <6 40 Mg atnd A) and 3.5

wei ght parts of acetonitrile were a hese m xtures were press-slid for

5 hours | p -sli.din i xer., The press-slid bst an was

past e- | | kzﬂCﬁ%%fﬁqaéipéﬁwvﬁf%C?OgP PIHFEqba! ﬁ,‘”ﬁ\ﬁ@go’é"m € was
added to the . press-slid substance, and the m xture press-slid for 5

m nutes. ® @G%\F%@SQ seen whssispreading by adestatknife aprlicatoraf 209 tMuni num f oi |
of thickness 20 u m and spread by a doctor knife applicator of 250 p m
gap. The @8Rulting product was |left at roomtenperature for 15 mnutes, and
heated at 80 C for 1 hour. The thickness of the el ectrode obtained was 80 u
m The sane effectiveness is seen by the use of 10.0 weight parts of
acetonitrile and spreading a doctor knife applicator or 250 p mgap. 22 11

et L Pl ek oy g oR B e BARESE SIS

s a 9.0 weight parts of LiCoO, of average particle size 5 xm which is 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 © 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 xm, and
spread by a doctor knife applicator of 250 ¢ m gap. The resulting product was
left at room temperature for 15 minutes, and heated at 80 °C for 1 hour. The
thickness of the electrode obtained was 80 u«m. The same effectiveness is
seen by the use of 10.0 weight parts of acetonitrile and spreading a doctor knife

applicator or 250 4 m gap.
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powder ed el ectrode active substance, 0.341 weight parts of an ion-conducting
polymer raw material (Al) and 3.0 weight parts of acetonitrile were
introduced into a press-sliding m xer (capacity 300cc), and the m xture
press-slid for 7 hours. The press-slid substance was paste-Ilike. Next,
0.159 weight parts of polymeric MJ, MR-200 (NPU Co.) wap-gRdefpogqd the

m xture press-slid for 5 mnutes. The press-slid substance was renoved,
transferred to alumnumfoil of thickness 20 p m and spread by a doctor

kni fe app}d i+ ' fli‘_”ﬁatm left at room

t enper at u{d«g%?ﬁpllgforfn%dgs?tman oggpégelégt?%%éféﬂ?tgfé) ouarﬂg S311he t hi ckness of
the el ectrode o ' T ffectiyen I een when
spreadi ng by a @.};3@&0‘@Ht(ﬁ‘@ise§g|p|&qr6@aqf(ﬂ®%5$€e”§%@5fe '6‘%\§ “((erﬁ)%@?:\fﬁ)fe of

manuf acture Qf positive electrqde structure (Example_4) 9.1 i ght parts of
Li Co® of paw@%%&eelsaﬁr@q?%%ﬂ\@ SEANGE, P9l WRIGS pgﬁw&ﬂéé%-&ogﬁ@%mode active
subst ance, and 0.6 wei ght parts of graphite powder of average particle size
4 u m whi palymer sawanaierieb(Ast) endr 3.0 aveightaeartiuef aastonitrile veae ddrodused

i ntroduced into a press-sliding mxer device (capacity 300cc), and

pr ess- sl i ohté arpréSs-sliding esixeNeapacity B00en)gimd fhaer inixtade press-alid damduct i ng
polymer raw material (A2) and 3.0 weight parts of acetonitrile were added.

The ion- CRAGCT Mg freby.dRd slBWaRBé WdsPasté ke Walert, U‘:‘PSE}WQi%h@PQrté b6
conposition and mxing ratio are shown in Table 2. In the Table 2, the sane

L MRS NP hoBsg ool e (552
trimethyl f')nlir‘ljlﬂt%g.a mla.h(ra iprrreeéshglf:c{ é{lljt%ttaGncé v-l\;%ts) lrgmtznlred, transferred to aluminum foil

of thickness 20 u m, and spread by a doctor knife applicator of 100 z m gap.

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

at 80 °C for 1 hour. The thickness of the electrode obtained was 80 u m.

The same effectiveness is seen when spreading by a doctor knife applicator of

200 1 m gap.

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

9.1 weight parts of LiCoO; of average particle size 5 ¢ m which is a
powdered electrode active substance, and 0.6 weight parts of graphite powder
of average particle size 4 1 m which is a powdered electrically-conducting
substance, were introduced into a press-sliding 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 ion-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 obtained by the use of polyethlenegiycoldimethacrylate (536
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The press-slid substance to which the ion-conducting polynmer raw materi al
(A2) was added, was press-slid in the press-sliding m xer (capacity 300cc)
for 5 hours. The press-slid substance was paste-like. A solution of 0.01
wei ght parts of 2,2'-azobis (2,4-dinethylvaleronitrile) and 0.5 weight parts
of a (111) vol liquid electrolyte of ethylene carbonateq{ Febhghrotdopkene
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,

transf err egbléculapighBuAstead| of timeH idpRpEnRirtetacAistespr ead by a doctor
knife applicator of 100 ,u mgap. The resulting product was |left at room

tenperature for 15 mnutes, and heated at 80 C for 3 hours. The thickness
of the electrode obtained was 80 p m The sane effectiveness may be

expect ed %\i/ QE use of 0.5 weight parts of the ion-conducting polyner raw
mat eri al /ff? b 003 weight parts of 2,2'-azobis
(2,4-dinmethylvaleronitrile), and by spreading a doctor knife applicator of
2001 mgap. (e) Exanple of nmanufacture of negative el ectrode structure
(Exanple 5) 9.1 weight parts of graphite powder of average particle size 5
p mwhich is a pbadmsessiskd shstanee tcwhich thalien-anndyctihgdiymer tgw parts of an
i on-conducting polyner raw material (Al) and 3.0 wei ght parts of

acet oni t r imaterialgAR) waisraritiede dasiresseshid @sthespreds-aidimymixef (eapaeity y 300cc) ,
and the m xture 24 11 February 2004 press-slid for 7 hours. The press-slid

subst ance 3pBgc)¥ap 5 eolurke- Trw;sﬁess%lia%%bsﬂﬁi&hka?gé%%r-mg. P ¥SBfibrs oﬁg' , MR-200

(NPU Co.) was added, and the m xture press-sl mnutes. T

DL S B ER 2 2R LR Ay RIS RelrPhahl ckress
of a (1/1) vol liquid electrolyte of ethylene carbonate (EC)/diethylene carbonate
(DEC) was added to the press-slid substance, and the mixture further press-slid
for 5 minutes. The press-slid substance was removed, transferred to
aluminum foil of thickness 20 4 m, and spread by a doctor knife applicator of
100umgap. The resulting product was left at room temperature for 15
minutes, and heated at 80 °C for 3 hours. The thickness of the electrode
obtained was 80 um. The same effectiveness may be expected by the use of
0.5 weight parts of the ion-conducting polymer raw material (A2), 0.003 weight

parts of 2,2’-azobis (2,4-dimethylvaleronitrile), and by spreading a doctor knife

applicator of 200i m gap.

(e) Example of manufacture of negative electrode structure (Example 5)

9.1 weight parts of graphite powder of average particle size 5 um
which is a powdered electrode active substance, 0.341 weight parts of an
ion-conducting polymer raw material (A1) and 3.0 weight parts of acetonitrile

were introduced into a press-sliding mixer (capacity 300cc), and the mixture
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u mgap. The resulting product was |left at roomtenperature for 15 m nutes,
and heated at 80C for 1 hour. The thickness of the el ectrode obtained was 80
,um The sane effectiveness nay be expected by the use of 10.0 weight parts
of the acetonitrile and spreading a doctor knife applicator of 2501 m gap.
(f) Exanple of manufacture of positive electrode structpfpeﬁﬁ%@ypb@46) 9.1
wei ght parts of graphite powder of average particle size 5 u mwhich is a
powder ed el ectrode active substance, 0.2 weight parts of an ion-conducting

pol ymer T guisaRdligrfbAy nohes. al"ﬁé Preds it Sibs R Y pAgsiiRa! t Neke 0V

I nt roduced |nto a press-sliding m xer (capaC|ty 300cc), and press-slid for

5 hours. I t 0 01 wei ght
parts of , Ba@%%nﬂ“?bl&ejiﬁﬂﬁ?@?ﬁ%%@(? ﬁ@? Wé%aac@gfﬂ Eﬁaﬁélaﬁgugearts of a
liquid electrol e carbo EC) / di et hyl en car nate (DEC) in
L ol une. PLsEHILnS Mingles o dRe s Tess-olib SHUaTLe e ratiouPd-Cansianad: e

m xture further press- S|Id for 5 m nutes The press-slid substance was
renoved, o epprasfeibal thickpeppaP 1oi andsprad b)kaéiggtoz@ndempph@aiogpfm by a
doct or knlfe applicator of 100,U mgap. The resulting product was |left at
room t enpesratgape flde mﬁumgmreductams leéat edomt tenp@€atiios fad 1bomiraites he

t hi ckness of the electrode obtained was 80 u m The sane effectiveness may

be expect gad gatdteatlBECoforQ. fowrei The thigkindssOdf thl @ledt@ieCslitdinetivigs 80! yner
raw material (A2), 10.0 weight parts of acetonitrile, 25 11 February 2004

0. 004 wei ghty PahHeS gﬁéctw@ abl ﬁwa(fb{eg% éa% ‘fﬁé%%@%‘f b'q ftighgnd by

spreadi ng a doctor e app |cato yS|s of el ectrode

SET UL Ur 2 G b SRR M BRI BY U SoTh SRTELEF 3551 RGP O

Li CoO2

(f) Example of manufacture of positive electrode structure (Example 6)

9.1 weight parts of graphite powder of average particle size 5 ¢ m which
is a powdered electrode active substance, 0.2 weight parts of an ion-conducting
polymer raw material (A2) and 3.0 weight parts of acetonitrile were introduced
into a press-sliding mixer (capacity 300cc), and press-slid for 5 hours. The
press-slid substance was paste-like. A solution of 0.01 weight parts of
2,2'-azobis (2,4-dimethylvaleronitrile) and 0.5 weight parts of a liquid electrolyte
of ethylene carbonate (EC)/diethylene carbonate (DEC) in a volume ratio of 1:1
was added to the press-slid substance, and the mixture further press-slid for 5
minutes. The press-slid substance was removed, transferred to copper foil of
thickness 20 4 m, and spread by a doctor knife applicator of 100 u m gap. The
resulting product was left at room temperature for 15 minutes, and heated at
80°C for 3 hours. The thickness of the electrode obtained was 80 um. The
same effectiveness may be expected by the use of 0.8 weight parts of the

ion-conducting polymer raw material (A2), 10.0 weight parts of acetonitrile,
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of average particle size 5 p mwhich had not received any processing. In
Fig. 11, the corners of the conpound particles of LiCoO2 are square and
clearly visible. The electron mcrograph of Fig. 12 is an el ectron

m crograph of the positive electrode structure obtained in Exanple 3. In
Fig. 12, the corners of the conmpound particles of LiCo@? mbfy bk, and
appear to be covered by a film Hence, conparing with the LiCo in Fig.
11, it is evident that the LiCoO2 particles in Fig. 12 are uniformy

cover ed mbt.dnméighfrpaﬂs iopzm&éy@t(grlgdm%mwﬁle@iﬂne),lana W’%r@é’&ﬁ%@ mes

magni fi ed a two-di nensional electronic i mage of the surface of the positive

el ectrodegraé{?gq( %EBB%}%pﬁsmfﬁé@Epl e 3 neasured by a Shinmadzu EPMA- 8705

El ectron yzer. particles of Fig. 13 have snoboth corners
and appear to be covered by a coating. (h) Conparative exanple of positive
el ectrode structure (Conparative Exanple 1) 11.5 weight parts of

n- met hyl pyrrolidine containing, in solution, 0.5 weight parts of

pol yvi nyl ¥W[V$'ﬁ@fﬁl%trpmﬂﬁPCWfﬁch has no ion-conducting property as a
pol ymer binder, was m xed with 9.0 weight parts of Li CoO2 of average
particle size 5Fig.lwhows 500Gtipesdergnified e elenimnauidregraphlidLiGo®@; and 0.8
wei ght parts of ketjenblack and 0.2 weight parts of graphite powder of 26 11

February 208deragerpgbcloaldd B! g nsihichdhad nbwiceivedrahysrodesary. In Fig.
el ectrically-conducting substances, in an ordinary blade m xer. After

m xi ng f0r11?th@%ﬂrﬁerstdﬁh@icéHﬁo%nd"t?a?tiéléé‘BVE@oézr éér%ﬁcﬁlarré‘%nh%#é‘é? er foil of

t hi ckness 20 u m and spread by a doctor knife cator of 100 p m gap.

e s e P S RSS2 R APABkn RGP 6 10 - The
positive electrode structure obtained in Example 3. In Fig. 12, the corners of
the compound particles of LiCoO, are smoocth, and appear to be covered by a
film. Hence, comparing with the LiCoOs in Fig. 11, it is evident that the LiCoO;
particles in Fig. 12 are uniformly covered with a film of ion-conducting polymer.
Fig. 13 shows 5000 times magnified a two-dimensional electronic image
of the surface of the positive electrode structure obtained in Example 3

measured by a Shimadzu EPMA-8705 Electron Probe Micro-Analyzer. The

particles of Fig. 13 have smooth corners and appear to be covered by a coating.

(h) Comparative example of positive electrode structure (Comparative Example
1)

11.5 weight parts of n-methylpyrrolidine containing, in solution, 0.5
weight parts of polyvinylidene fluoride (PVDF) which has no ion-conducting
property as a polymer binder, was mixed with 9.0 weight parts of LiCoO, of
average particle size 5 u m which is a powdered electrode active substance,

and 0.8 weight parts of ketjenblack and 0.2 weight parts of graphite powder of
26



80 u m The same result is expected by the use of 5.0 weight parts of

n- met hyl pyrrolidine and spreadi ng a doctor knife applicator of 2001 m gap.
(i) Conparative exanple of positive electrode structure (Conparative Exanple
2) 25.5 weight parts of n-nethyl pyrrolidine containing, in solution, 0.5

wei ght parts of polyvinylidene fluoride (PVDF) which ha§1pgbhgﬂ¥990gucting
property as a polyner binder, was mxed with 9.5 weight parts of graphite
powder of average particle size 4 u mwhich is a powdered

el ect 11 Cablyraf@IHHE RN O AR 4 A B Rt Bt SRg After m xi ng

for 8 hours, m xture was renoved, transferre il of

t hi ckness . to | ol C ra.of . p m gap.
The resul Pﬁ&ggnﬁ%dﬁ%ﬂ ﬁ/@@gﬁﬂgﬁﬁﬁ@ﬁgg t%ﬂ%%%mgsdjﬁ&ghwgw%&gﬁ di ne. The
t hi ckness of the el ectrode obtained 80 m_The sa resu i s expected
by he. uoBasemiyeg: KENYRTORds CaPBET IRl LMGKIRASZ L SRaGRERAhPYG. | 0
solution, 1.0 weight parts of polyvinylidene fluoride (PVDF) and spreading
a doct or Wartoe kajieappéeater off 100504mgaap. The yesullinggproguei was therl eptedst s 27

11 February 2004 A test lithiumion secondary cell was nmanufactured using

t he posit tvevapdratd n-ooethsglpyrrolidines Thatthiekhessesf the eldvtroeheastpbiasd avas
conparative exanples. The positive el ectrode and negative el ectrode were

both cut got .. hTHe safe RIsBRTS edsedted badRe ws8af 8f0 deight pepERKet el y solid
polymer (all polyner), polynmer gel elecCtrolyte (polyner gel), liquid

o RGBT SRR ol RnRSSEAGHGEOFRIHSRBaple Posi L ve
(i) Comparative example of positive electrode structure (Comparative Example
2)

25.5 weight parts of n-methylpyrrolidine containing, in solution, 0.5
weight parts of polyvinylidene fluoride (PVDF) which has no ion-conducting
property as a polymer binder, was mixed with 9.5 weight paris of graphite
powder of average particle size 4 u m which is a powdered
electrically-conducting substance, in an ordinary blade mixer. After mixing for
8 hours, the mixture was removed, transferred to copper foil of thickness 20
m, and spread by a doctor knife applicator of 100 w«m gap. The resulting
product was then heated fo evaporate n-methylpyrrolidine. The thickness of
the electrode obtained was 80 um. The same result is expected by the use of
10.0 weight parts of n-methylpyrrolidine containing, in solution, 1.0 weight parts
of polyvinylidene fluoride (PVDF) and spreading a doctor knife applicator of

2501 m gap.

(j) Charging/discharging tests
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manuf acture the test cell. The concentration of lithiumsalt (supporting
electrolyte salt) in the respective electrolytes was arranged to be 1 M
This cell was charged at 0.3mA per 1lcnR of electrolyte surface area to
4.1V, and after allowing to stand for 15 mnutes, it was discharged at
0.3mA/cnR to 2.7V. Conbinations for which two of these1¢¢%%g#g?@@bgcharging
cycles were successfully perforned, were considered to be conbfnations for
whi ch chargi ng/ di scharging is possible, and are shown in Table 3. Table 4

A c : : . _
shows the cont ankst Iﬂﬁ;uhﬁ‘%rﬁé&ﬂnﬂgt%&éﬁwbk%%@f? g%bbéingthér Bsifed®

effectiveness is expected If the I ckness ectrolyte 1s 201 m at

char gi ng/ BIRaPETRG PR el § e xRl BhasHrifore srampless test

cells usi t he positive el ectrode and negative electrode of this invention
coul d be dHecRSIREFIGCHE gad naaalivs Sloskipde wersbRty But outde Pavedne 25 11
February 2004 using the el ectroges of the conparative exanples and a solid
or gel el eladtiedgtseirfase @rea pbficme. champletely salidapajwer lkpoygerk est cel | s
using liquid electrolytes and gel electrolytes could be charged/di scharged.
An enbodi pelymerfgel leeotiobde (palyoheniged, liquid elecphde {liquid sarek alsapaetonext .
Enbodi nent of el ectrode structure of capacitor An el ectrode structure for

capaci t or wede BBAGWREEHTRAVEEN el oStV electdtBUhdohadtivaelédidecpder ed _
conducti ng substance in a phenol activated carbon (rmanufactured by Kansai

Kagaku Corpaidhdtar tiastebf\GelPOHR! &Shcentration of lithium salt (supporting
electrolyte salt) in the respective electrolytes was arranged to be 1M. This cell
was charged at 0.3mA per 1cm? of electrolyte surface area to 4.1V, and after
allowing to stand for 15 minutes, it was discharged at 0.3mA/cm? to 2.7V.
Combinations for which two of these charging/discharging cycles were
successfully performed, were considered to be combinations for which
charging/discharging is possible, and are shown in Table 3. Table 4 shows the
contents of the electrolytes listed in Table 3. The same effectiveness is
expected if the thickness of the electrolyte is 20i m at P1-AP4 and 30i m at

PG1-PG2.
[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. However, test cells
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el ectrode substance; dry-mxing with a m xing container; adding the polyner
Al as the binder to be m xed; adding NVWP (N nethyl pyrolidone) as the
solvent to be mxed; applying on the current-collecting nmenber by the
doctor knife applicator; and drying. The thickness of the electrode is 75i

I ndustrial Field of Application This invention nakes i{ g iPbBo4 o obtain
a device wherein a powdered substance is efficiently coat egﬁ%‘ﬁan

i on-conducting polymer. This invention nmakes it possible to obtain a nethod

wher eby a;ﬁﬁiﬁ@"tﬂébfé&tr%ﬂ@%b??t?eﬁgérﬁﬁégtfv%i&%HJM&%T\H%dsd?hﬂ cﬂ';qF.il %Re‘cg% uct i ng

pol ymer . I nvention fu es it possible to obtaln a powdered

subst ance b §,QN- cLj 0 b 04 TABLES
Tabl o1 oRBRS Becefded BRERIREN U Ar et Ebrs &S ka8 MteRng racio
(wei ght parts) Trifunctional (propyl ene glycol/ethylene glycol) randonB. 36
copol yrnc:r:"m@ﬁﬁlkﬂ3 GF@&Q%CQ@E@@%?C?/QWQ%@?; Sanyo Chenical |ndustries,
Ltd.) Trifunctional polyol, 1,4-butadiol0.34 Ethylene cyanohydrinl. 27
Reaction catalyst NC-IM (Sank yo Air Products K K. )O0.03
An embodiment of the electric double layer capacitor is explained next.
Embodiment of electrode structure of capacitor
An electrode structure for capacitor is manufactured by adding the
carbon black as the powdered conducting substance in a phenol activated
carbon {manufactured by Kansai Kagaku Corporation) as the powdered
electrode substance; dry-mixing with a mixing container; adding the polymer A1
as the binder to be mixed; adding NMP (N methylpyrolidone) as the solvent to

be mixed; applying on the current-collecting member by the doctor knife

applicator; and drying. The thickness of the electrode is 75i .

Industrial Field of Application

This invention makes it possible to obtain a device wherein a powdered
substance is efficiently coated by an ion-conducting polymer.

This invention makes it possible to obtain a method whereby a
powdered substance is efficiently coated by an ion- conducting polymer.

This invention further makes it possible to obtain a powdered substance

coated by an ion-conducting polymer.
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Total 10 [ Tabl e 2] 1on-conducting polyner raw material (A2) Mxing ratio
Subst ance(wei ght parts) Cyanoet hyl at ed/ di hydr oxypr opyl at ed pol yvi nyl

al cohol 0. 625 Met hoxypol yet hyl ene | col nethacrylate (nol. wt. 468)3. 125
Trimet hyl ol propanetri net hacryl ate6.25 Total 10 30 11 February 2004 [ Tabl e 3]
Char gi ng/ di scharging test results NoPositive Negative EheFHabakatl 2004

Char gi ng/ di schar gi ng el ectrodeel ectrodeetest result 1Exanple 1lExanple

5API Possi bl e 2Exanpl e 1Exanpl e 5AP2Possi bl e 3Exanpl e | Exanpl e 5AP3Possi bl e
4Exanpl e TARRAHE € S5AP4Possi bl e S5Exanpl e 1Exanpl e 5PGLPossi bl e 6Exanpl e

1Exanpl e

5P&Possi bl e

[Table 1]

lon-conducting polymer raw material (A1)

Substance Mixing ratio
(weight

parts)

Trifunctional (propylene glycol/ethylene glycol) random 8.36

copolymer, SANNIX FA-103 (PO/EO=2/8, Mw=3,282, Sanyo

Chemical Industries, Lid.)

Trifunctional polyol, 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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7Exanpl e 1Exanpl e 5L1Possi bl e 8Exanpl e 2Exanpl e 5AP3Possi bl e 9Exanpl e
2Exanpl e 6P&2Possi bl e 10Exanpl e 4Exanpl e 5AP3Possi bl e 11Exanpl e 4Exanpl e
6P&Possi bl e 12Conpar ati ve Conparative API Chargi ng/ di schar gi ng exanpl e

| exanpl e 2i npossi bl e 13Conparati ve Conparative AP2Char gi ng/ di schar gi ng
exanpl e lexanpl e 2i npossi bl e 14Conparati ve Conparative
AP3Char gi ng/ di schargi ng exanple 1 .exanple 2inpossible H%E%%%EF%%?%%
Conpar at i ve AP4Char gi ng/ di schar gi ng exanpl e lexanpl e 2i npossi bl e

16Conpar a[‘lialﬁf'e ﬁorrpar ative PGLChargi ng/ di schargi ng exanple lexanple 2im
ossi bl e

Charging/discharging test results

No Positive Negative Electrolyt | Charging/discharging
electrode 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 Possible

9 Example 2 Example 6 PG2 Possible

10 Example 4 Example 5 AP3 Possible

11 Example 4 Example 6 PG2 Possible

12 | Comparative Comparative AP1 Charging/discharging
example 1 example 2 impossible

13 | Comparative Comparative AP2 Charging/discharging
example 1 example 2 impossible

14 | Comparative Comparative AP3 Charging/discharging
example 1. example 2 impossible

15 | Comparative Comparative AP4 Charging/discharging
example 1 example 2 impossible

16 | Comparative | Comparative PG1 Charging/discharging
example 1 example 2 impossible

17 | Comparative Comparative PG2 Charging/discharging
example 1 example 2 impossible

18 | Comparative | Comparative L1 Possible
example 1 example 2
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17Conpar ati ve Conparative P&Chargi ng/ di schargi ng exanpl e lexanpl e

2i npossi bl e 18Conparati ve Conparative L1Possible exanple lexanple 2 31 11
February 2004 [Table 4] Electrolyte used in test

Synbol TypeConposi ti onThi ckness AP1Al |

pol ymer Cyanoet hyl at ed/ di hydr oxypr opyl at ed100 u m cel | ul 9$¢e@3?ue&y ahgrRanese
Pat ent Application Laid-QOpen No. 8-225626) AP2Al |

pol ymer Cyanoet hyl at ed/ di hydr oxypr opyl at ed100 p m cel | ul ose and net hacryl
pol yrner 3P|-ay|@a]s-l i nked structure (e.g. Japanese Patent Application

Lai d- Open No. 8-225626) AP3AIl pol ynerHi gh viscosity pol yurethane

el ectrol yﬁé&%lﬁe@s@ﬁ'iﬂtes}apanese Pat ent Application No. 11-78085)

Symbol | Type Composition Thickness
AP1 All polymer | Cyanoethylated/dihydroxypropylated 100 um
cellulose

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

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

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

AP3 All polymer | High viscosity polyurethane electrolyte 100 um
(e.g. Japanese Patent Application No.
11-78085)

AP4 All polymer | Cyanoethylated/dihydroxypropylated 100 um

polyvinyl alcohol
(e.g. Japanese Patent Application No.

11-78086)
PG1 Polymer Cyanoethylated/dihydroxypropylated 100 gm
gel polyvinyl alcohol and methacryl polymer 3D

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

11-78087)
PG2 Polymer High viscosity polyurethane electrolyte 100 um
gel containing 50% ethylene carbonate

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

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

L1 Liquid Impregnation of ethylene carbonate 23 um
(EC)/diethylene carbonate (DEC) = (1/1) vol
solution in polyethylene separator
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AP4Al | pol yrmer Cyanoet hyl at ed/ di hydr oxypr opyl at ed100 /1 m pol yvi nyl al cohol
(e.g. Japanese Patent Application No. 11-78086)

PGLPol ynmer Cyanoet hyl at ed/ di hydr oxypr opyl at ed100 u m gel pol yvi nyl al cohol and
met hacryl polymer 3D cross-1linked structure containing 50% et hyl ene

carbonate (EC)/diethyl ene carbonate (DEC) = (111) vol |4QH] lyte
(e.g. Japanese Patent Application No. 11-78087) P&Pol yirﬂ'r%ﬁré'ﬁ%lﬁg?:%si ty
pol yur et hane el ectrol ytel00 p m gel cont ai ni ng 50% et hyl ene car bonat e

(EC)/ di et%ﬁpﬁgﬁ@%ﬁ FS.( DEC) = (111) vol liquid electrolyte (e.g.

Japanese Paten I'on No. 11-78085) L1Li quidlnpregnation of ethylene
carbonate23 p m (EC)/ di et hyl ene carbonate (DEC) = (1/1) vol solution in

pol yet hyl ene separator 32 11 February 2004 WHAT IS CLAIMED IS: 1. A
press-sliding m xer which processes a m xture of an ion-conducting polyner

or i on- cohobdresiyslising mixerwhichdresessesamuiddursonc on-canssieciize so
polymer or ion-conducting polymer raw material and a powdered substance so
as to coat the powdered substance with the ion-conducting polymer, comprising
a container having a bottom surface for containing the mixture and a main blade
which displaces relative to the bottom surface, wherein the mixture is press-slid

between the bottom surface and the main blade.

2. A press-sliding mixer as defined in Claim 1, wherein there is an effectively

constant gap between the main blade and the bottom surface.

3. A press-sliding mixer as defined in Claim 1, further comprises a tip of said
main blade for removing the mixture adhered to the lateral surface of said '

container.

4. A press-sliding mixer as defined in Claim 3, wherein said tip of main blade is
disposed at the position facing said lateral surface of container of said main

blade.

5. A press-sliding mixer as defined in Claim 1, wherein said main blade is

disk-shaped.

6. A press-sliding mixer as defined in Claim 5, wherein said disk-shaped main
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as to coat the powdered substance with the ion-conducting polyner,
conprising a container having a bottom surface for containing the m xture
and a main bl ade which displaces relative to the bottom surface, wherein
the m xture is press-slid between the bottom surface and the nmain bl ade. 2.
A press-sliding mxer as defined in Claim1, wherein th j ectively
constant gap between the nmain blade and the bottom surfgigéb\?ﬁqéﬁﬁm
press-sliding m xer as defined in daim1l, further conprises a tip of said

i1 bl adg| G ndeAPERBEAL i Ho GKAERH Bhcae | ateral surface of said

container. 4. A press i di ng xer In"Caim3, wherein said tip
of main blade is disposed at the position facing said |ateral surface of
container of said main blade. 5. A press-sliding mxer as defined in daim
1, wherei% ai d mai_n bl ade i s disk-shaped. 6. A press-sliding mxer as
defined i -a%{ieﬁ'?ﬁ,'d'méwﬁﬁa%&ieﬁn%# nClampbavhaien smd maip i8ya 2004 bl ade
has at |east one through hole or notched groove. 7. A press-sliding m xer as
defined i Wid® Blase1, wherein said main blade is a wide blade. 8. A
press-sliding m xer as defined in Caim1l, wherein a rotational direction of
said main blade is repeatedly reversed. 9. A press-sliding m xer as defined
in Caiml, wherein the bottomsurface has a bottompart with a | ow part

and a sl oge Anbress-siitipGeARer ab defhéd th BRMOMARErbin & rot8tishaIHiabasept i @l part,
and the main blade is disposed above the bottom part

said main blade is repeatedly reversed.

9. A press-sliding mixer as defined in Claim 1, wherein the bottom surface has a
bottom part with a low part and a slope which increases from the bottom part to
a circumferential part, and the main blade is disposed above the bottom part

and rotates around the boftom part as center.

10. A press-sliding mixer as defined in Claim 1, wherein a surface in the motion
direction of the main blade is formed at an acute angle to the bottom surface of

the container.

11. A press-sliding mixer as defined in Claim 1, wherein a surface opposite to
the motion direction of the main blade is formed effectively perpendicular to or

at an obtuse angle to the bottom surface of the container.

12. A press-sliding mixer as defined in Claim 1, comprising a dispersion blade in

the container.
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and rotates around the bottom part as center. 10. A press-sliding m xer as
defined in aim1l, wherein a surface in the notion direction of the main
blade is formed at an acute angle to the bottom surface of the container.
11. A press-sliding mxer as defined in Claim1, wherein a surface opposite

to the notion direction of the main blade is formed ef I
perpendi cular to or at an obtuse angle to the bottom s{fg%lé%ﬁwz?%%

container. 12. A press-sliding mxer as defined in Claim1, conprising a

di spersi o, b 1 .per.. .. 1 e r 4 oati ng met hod
wherein ali]?ﬁé(?g?téﬁip{egﬁocf%ﬁ%ﬁmP%ﬁlg :%ﬁry@@%%gﬁu%pé@%ﬁgﬁ i ng polyner
raw materj al and owder ed substance i.s press-sligd so as to e the

| oh- CondulrToRsRYBBPVESTTaH. TaIRHEL Ani@ RRNGRTER SURREREE & PLSS BUIdr o to a
powder ed substance. 14. A coating nethod for coating a powdered substance
wi th an i asteswiedbe ign-penduatingaiolyreer aeign-epndusting pglymgigawimatgriabl vent i s
added to a m xture. 15. A coating nethod for coating a powdered substance
with an adimeredodupdwaereddupstancas defined in O aim 13, wherein the m xture
is contained in a container and the mxture is press-slid by a nmain bl ade

agai nst the bottom surface of the container. 16. A coating nethod for
coating a powdered substance with an ion-conducting polyner as defined in

daimligs, 1%&%85%# ﬁﬁ%d‘?&’r%&iﬁg%@&%ﬂ éu%s?an%g%iﬂi %r?ic%rﬁcéﬁlﬁld% ture is

press-slid by a | ade agai n _ ttom surface e contafner, and
the mxt uf)gly'msér%l'ssd)e‘?lrn 8qn l@fai%] %,S\Bﬁérse'irg) 3 s%‘vaegl?is added to a mixture.

15. A coating method for coating a powdered substance with an
ion-conducting polymer as defined in Claim 13, wherein the mixture is contained
in a container and the mixture is press-slid by a main blade against the bottom

surface of the container.

16. A coating method for coating a powdered substance with an ibn-conducting
polymer as defined in Claim 13, wherein the mixture is contained in a container,
the mixture is press-slid by a main blade against the bottom surface of the

container, and the mixture is dispersed by a dispersion blade.

17. A powdered substance coated with an ion-conducting polymer obtained by
press-sliding a mixture of an ion-conducting polymer or ion-conducting polymer

raw material and a powdered substance.

18. A powdered substance coated with an ion-conducting polymer as defined in

Claim 17, wherein the powdered substance is a powdered electrode active
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17. A powdered substance coated with an ion-conducting pol yner obtai ned by
press-sliding a m xture of an ion-conducting polyner or ion-conducting
polymer raw material and a powdered substance. 18. A powdered substance
coated with an ion-conducting polyner as defined in Caim17, wherein the
powder ed substance is a powdered el ectrode active 35 11 4
substance or a powdered |large surface material. 19. A pgﬁg%rgghggéggance
formed by coating a powdered el ectrode active substance used in an
electrodesﬁbgﬁﬁg@bea ovRier88 MHderreel makfig. an i on-conducting pol yner
cross-1linked whil pvgang gﬂaexterna energy. 20. A powdered substance
formed by coatlng a pomdered el ectrode active substance used in an el ectrode
structure of an electric double Iayer capacitor. 21. A powdered substance

formed b oating, a er ed ode active substance used in an
el ect rod§1§t3 @%egﬁmgﬁtaép% by geating apewdesed elacipdegctive an

i on-conducting pol yner cross- Ilnked whi | e appl ying an external energy. 36
' substance used in an electrode structure of a secondary cell with an

ion-conducting polymer cross-linked while applying an external energy.

20. A powdered substance formed by coating a powdered electrode active

substance used in an electrode structure of an electric double layer capacitor.
21. A powdered substance formed by coating a powdered electrode active

substance used in an electrode structure of an electric double layer capacitor

with an ion-conducting polymer cross-linked while applying an external energy.
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