-1- ELECT RODE PLATE FOR SECO\IDARY BATTERY W TH N(]\IAQJEClﬁ7
ELECTROLYTE AND METHOD OF MANUFACTURI NG THE SAME
. BACKGROUND OF. THE+k NVENTI ON The present i nvention rel ates to an
el ectrode plate for a secondary battery w th nonaqueous el ectrol yte such
as represented by a lithiumion secondary battery and also relates to a
met hod of - manufacturing the same. _;_ In recent years, it has been
rapidly devel oped-to make conpact in size and |ight in weight electronic %
equi pnents, EVUEOTRODE PLATE]RORMSBEONDARY HXr THRYE WIARINONAQEEODSen hi ghly
required for secondary batteries used as driving electric power source for

t hese eﬂgl prent gt.eceROLYTEINRD METROZ ORMANUFACPORING THECSAMENG tO such

requi renent,, teher.e- has .been proposed a secondary battery w th nonaqueous

el ectrolyte such as represented by a lithiumion secondary battery having

high energy density and hi gh voltage. Fur t her nore, concerning
el ectrode plates which saxekgRpURDf 66T riv@nagoor mance of the secondary
battery, it has been al so-propoused—to maketarge an area of a thin |ayer

The present invention relates to an electrode plate for
a sécondary battery with nonaqueous electrolyte such as
represented by a 1lithium ion secondary battery and also relates
to a method of mahufa_cturing the same.

In récent years, it has been rapidly developed to make
comp'act in size_ and light in weight elecfronic _equipments, S
communication equipments and the like, and it has been highly
reduired for secondary batteries used as driving electric
power source for these equipment to also reduce in size and in
weight. According to such requirement, there has been proposed
a secpndary battery with nonaqueous electrolyte  such as
represented by a lithium ion secondary battef_f having high
energy density and high voltage.

Furthermore, concerning electro.de plates which
severely affect on the performance of the secondary battery,
it has been also proposed to make large an area of a thin layer
so as to elongate charge-discharge cycle life and to make high
the energy density.

In a prio;: art publication such as Japanese Patent
Laid-open Publication No. SHO 63-10456 or Japanese Patent
'Laid—open Publication No. HEI 3-285262, there is disclosed a

-positive electrode plate which is obtained in a manner such



—

so as to elongate charge-discharge cycle life and to. nmake high the energy. ... ..
density. In a prior art publication such as Japanese Patent )
Lai d- open Publication No. SHO 63-10456 or Japanese Patent Lai d-open
Publication No. HElI 3-285262, there is disclosed a positive electrode

pl ate which is obtained in a manner such

-2- that a paste-formactive materi-ak coating solution is prepared by

di spersing or dissolving a conductive agent, binder powder and a positive

el ectrode %bat PRste-ifarnsaehive mateniagl-coating sodwtidone 1S BFPBRT8E t he
like, in a suitable wetting agent, and the coating solution is coated on a
col | ecti ngbyefitapersing e ldigadving asconductive agentodbdndgrnpewderoil to
thereby forma coated |layer (battery active material layer). 1In such
process, fBodrianepawitive reteatrade actpveywatgrigadnesudt @sidetallic
silicone-acrylic copolyner or styrene-butadi ene copolyner is used as a
bi nder . oxide, Wullfiider duvmlidg-oypthel ddkeoddnplaatsuibfable wabttiaonger
descri bed above, it is required for the binder used at atine
: agent, and the coating solution is coated on a collecting
element (or collector) as a substrate formed of a metal foil to
-thereby form a coated layer (battery active material layer).
In such process, fluorine series resin such as polyvinylidene
fluoride, silicone-acrylic copolymer or styrene-butadiene
copolymer is used as a binder. ' ' :
With the coating-type electrode plate of the character
described above, it is required fbr the binder used at a time
of preparing the coating solution containing the active
material to be electro-chemically stable to the nonaqueous
electrolyte, not to be dissolved in the electrolyte and to be
dissolved in a certain solvent. It is also required that the
coating solution can be coated in a thin layer form on the
substrate formed of a metal foil. Furthermore, it is further
required for the active material layer (coated layer) formed
through coating and drying processes i:o have a flexibility so
as not to be peeled off, removed or cracked during assembling
of batteries and also required to have an excellent adhesion to
the collecting element formed of a metal foil.
The coated layer constituting the electrode plate

generally has a layer thickness of about 50 to 200 £m per one

surface thereof. The capacity of a battéry per unit area can be



of preparing the coating solution containing the active material to be:~
el ectro-chenically stable t6 the nonaqueous ‘el ectfiolyte, notto be e
di ssolved in the-electrolyte and to be dissolved in a certain solvent. It
is also required that the coating solution can be coated in a thin |ayer
formon the substrate fornmed of a netal foil. Furthernore, it is further
required for the active material |ayer3fcoated |ayer) forned through
coating and drying_processes to have a flexibility so as not to be peeled

of f, renovbacERagedcREdINGFRASIRGs S AgYesT S8s ofh Fhe SPFRRI r ed
to have an excellent adhesion to the collecting el enent fornmed of a netal
foil. layerThe coated | ayer constituting the electrode plate generally

has a | ayer thickness of about 50 to 200 [err]m per one surface thereof.

The capacity of a Hewevex, pehenntheathicknasgeof the coated layer is

-3- increased by increasing this |layer thickness of the coated |[ayer.

However, whearehsedhi skronvestiome fdowm d¢ Icapsed dn ithe «eaked alayewection

flowis caused in the coated | ayer
during the drying process, which results in uneven
distribution of the binder amount in the coated la'yer after the
drying process in such.a fashion that the binder amount i§
decreased at a boundary portion of the coated layer contacting
the collecting element (called contacting surface or
contacting surface side hereinafter) and, on the contrary, the -
binder amount is increased at a boundary portion of the coated
layer opposite'to the contacting surface side. The latter
boundary portion is_ exposed in air or exposed to an electrolyte
when disposed in a battery (called exposed (or opposite)
surface or eqused surface side hereinafter). In particular,
in the case of the coated layer thickness more than 100 Um,
such uneven. distribution of the binder amount becomes more'.
remarkable, which results in the damage of the a;dhesion
performance of the coated layer with respect to the collecting"
element. At the same time, the coated layer becomes easily
peelable f_rom the collecting element because of the lowering
of the adhesion property, and accordingly, the flexibility of
the electrode piate will be reduced. Thus, it bécomes
difficult to.carry cut é bending working of the electrode

plate. Such uneven distribution of the binder at the boundary

portion of the exposed surface side of the coated layer appears



during the drying process,” which results in uneven distribution of the . .-
bi nder amount in the coated |ayer after the drying process in such a = =~ ==~
fashion that the binder anmobunt is decreased at a boundary portion of the
coated | ayer contacting the collecting elenent (called contacting
surface or contacting surface side hereinafter) and, on the contrary, the
bi nder anopunt is increased at a boundafy portion of the coated |ayer
opposite to the contacting surface side. The latter boundary portion is
exposed i nremarkabdypascthe dziing speed ineressrs, @nshaseordanglyat {ory
(cal l ed exposed (or opposite) surface or exposed surface side
her ei naf t epyrdemtpapreventr the adhesion perfionmanasy bedweeny shet apakedss
nore than 100 [err]m such uneven distribution of the binder anpunt
becones noleyexrenarfalfthe ahildectiogl telémenthe faamagkowdring adidesthe
performance of the coated |ayer with respect to the collecting elenent. At
t he sane t fhexibididyar€dtheycorated deverctmon dampgdngh| £t fisonecessary
col l ecting el enent because of the |owering of the adhesion property, and
accor di ngl o makef isdombithiet drofing Ispeeldecwhaddbh hbwevewi resbdtsedoncttde Thus,
It becones difficult to carry out a bending working of the el ectrode
pl ate. Suchowesiey difstthd praduativity.bi nder at the boundary portion of
t he exposed surface side of the coated | ayer appears

' In another viewpoint, in a case where the weight ratio

of the binder/active material is made larger than 0.25, it is
possible to prevent the lowering of the adhesion perférmance
at the time of the rapid drying of the thickened coated layer. -
However, the increasing of the binder aniount leads to extreme
lowering of the 'battery‘performance, thus. this countermeasure
being not practical.

As described above, in the pric_)r art, it was .difficult
to produce an electrode plate with a coated layer being
relatively thick, containing a small amount of a binder and,
moreover, having an excellent adhesion pei‘_formance to a

collecting element.

SUMMARY OF THE INVENTION

An object of the present invention is to substarﬁ:ially
eliminate defécts or drawbacks encountered in the prior art
described above and to provide an electrode plate for secondary
bat{:ery with nonaqueous electrolyte and a method of
manufactur;'ing the same with high productivity éapable of

providing a coated layer which has an active material formed by



-4- ‘remarkably as the drying speed increases, and accordingly, in ordefQ S
to prevent ‘the adhesi on performance between the coated '|ayer .and.the-svwii..

collecting elenent fromlowering and the flexibility of the coated |ayer
fromdamaging, it is necessary to nmake slow the drying speed, which
however results in the [|owering of the productivity. I n anot her
viewpoint, in a case where the melghr‘Tatlo of the binder/active materi al
is made larger than 0.25, it is possible to prevent the | owering of the
adhesi on pedatimgncen aletbeolienmeocaftinfe soditdodr W@ osubserdbe coe€nad
coated | ayer. However, the increasing of the binder anount |eads to

extreme | esdliewritdg idlenmit oy codlkersrnand thers diring AhY aiiaande
bei ng not practical. As described above, in the prior art, it was

difficult whidh ashseaaBugifectiende e yWiddbaticsatmsk | ayet BekBJand
relatively thick, containing a small anmount of a binder and, noreover,

havi ng an @Lﬁﬁiﬁ@n@@l@iﬂx@ll&&ﬁ; Wiﬂnﬁfgﬁ%&kéb}.lﬁgl ng el enent .
SUMVARY OF THE | NVENTI ON

The inventors of the subject application considered
that, in the detailed studies and examinations to solve the
above problems encountered in the prior art, the main reason of
lowering of the adhesion perfor:ﬁance of the coated layer to the
collector at the time of making large the thickness of the
coated layer resides in that, in the prior art coating fype :
electrode plate, the existence amount of the binder at the
boundary'portion.of the coated layer contactlng the collector
is less than that at the boundary portion of the coated layer
opposite (exposed side) to the ¢ontacting surf;ce side.
According to such consideration, the inventors thought out
that, at the time of coating the coating solution, the
sufficientladhesion performance between the coated layer and.
the collector surface can be obtained in the case where the
distributioﬁ.of the binder existence amount at the contacting
side boundary portion is more than or substantially equal to
the distribution thereof at the side-of the coated layer
opposite to the contacting side, and hence, the problems
encountered in the prior art can be solved. The present
invention was conceived in accordance with the above

recognition of the inventors.

Thus, the above and other objects can be achieved



An object of the present invention is to substantially elimnate defectg: ..
or drawbacks encountered in the prior art -.described-above and to-providesuii, .
an electrode plate for secondary battery with nonaqueous electrolyte and a

met hod of manufacturing the same with high productivity capabl e of '
providing a coated layer which has an active material formed by

-5- coating an electrode coating sgl.ution on a substrate of a collecting

el enent or collector and then drying the sane and which has a sufficient

battery cape@idpaiiRy tdtHe pregeartinvatiid sg_tprfdv%ibid J iy oMd Bspegk,
wor kabi lity. The inventors of the subject application considered

that, in the dalaitredes padices fé&!daeéé&r&@éﬁpfb%ét‘ézﬁgokﬁ%ﬂ aen?ﬁaeﬁeoagobl erns

encountered in the prior art, the nmain reason of owering.of the adhesion

per f or MNCe ekt 1A icethgraking @ bBE1eCEbE Sl Boalthl 1hTR-OkoHRLLN

| arge the thickness of the coated [ayer resides in that, 1hH the prior art

goati ng typm thletebifdetBidby: cf;QEiﬁéiét%rfy@tht%ﬁ BBnithdfshg?he! NE

oundary portion of the coated layer contacting the coll ector
least an active material for a battery and a binder on the
collector and then drying the same, wherein a ratio (b/a) of an
amount (b) of a binder existing at a boundary portion of the
coated layer on an opposite side to the collector side to an
amount (a) of a binder existing at a boundary portion of the
coated layer contacting the collector is 0.05 or more and less -
than 2.

In another aspect of the present invention, there is
provided a method of manufacturing an electrode plate for a
secondary battery with nonaqueous electrolyte comprising a
collector and a coated layer formed on the collector by coéting
a coating solution containing at least an active material for
a battery and a binder on the collector and then drying the
samé, wherein a ratio (b/a) of an amount (b) of a binder
existing at a boundary portion of the coated layer on an
opposite side to the collector side to an amount (a) of a
binder existing at a boundary portion of the coated layer
contacting the collector is 0.05 or more and less than 2, the
method comprising the sfep of forming a coated layer having a
predetermined thickness by repeating at least two times of
coating and drying processes for coating the coating solution

for the electrode plate containing on the collector and then



is less than that at the boundary portion of the coated |ayer opposite:- =i
(exposed si.de) to the contacting surface si.de. According o .such.. . ... disisems:.
consideration, the inventors thought out that, at the tinme of coating the
coating solution, the sufficient adhesion perfornmance between the coated

| ayer and the collector surface can be obtained in the case where the

di stribution of the binder existencg_anount at the contacting side
boundary portion is nore than or substantially equal to the distribution
thereof at {he side of the coated |ayer opposite to the contacting side,
“and hence, TFE-Ng fheefame.nWBERELRY thiqkness péra fFe2tet IyeroEPERedThe
present invention was conceived in accordance with the above _recognition
of the invdit & $econd timerprsmorg-thapeeeerd diire cantdns aogh dF¥iaghi eved
-6- according to the present invention by providing, in one aspect, an

el ectrode MEAGRLIIHS dSdaTreasedint any afPuAtainch KRRIRILE O ity e
conprising a collector and a coated |ayer formed on the collector by
coating a d&dMe ngfs@ uthipkeessaprdi iy @eated layer already formed in

preceding coating and drying processes, or wherein an
increased amount in weight per unit area of the coated layer
formed in a second time or more than second time coating and
drying processes is in a range of 0.6 to 1.6 time of a weight
per unit area of a coated layer already formed in preceding
coating and drying précesses'.

According to the present invention of the characters .
described above, at the time of forming the coated layer by
coating the coa'_l:ing solution on the collector and then drying
the same, the. coated layer can be formed without reducing the
existence amount of the binder at the boundary portion of the
coated layer cdntacting the collector, and ;ccordingly, the
coated layer having a sufficient thickness can be formed
without damaging the adhesion performance between the coated
layer and the collector. Furthermore, according to the present
invention, the drying speed can be made fast in comparison with
the prior art method, so that the productivity of the electrode

plates can be effectively improved.

BRIEF DESCRIPTION OF THE DRAWING

In the accompanying drawing, a single drawing of FIG.

1 represents a schematic sectional view of an electrode plate



| east an active material for a battery and a binder oh the collector and: . . .
then drying the sane, wherein a ratio (b/a) of an -ampunt..(b) -of-.a.bi-rderma.. .
exi sting at a boundary portion of the coated |layer on an opposite side to
the collector side to an amount (a) of a binder existing at a boundary
portion of the coated |layer contacting the collector is 0.05 or nore and

| ess than 2. I n anot her aspect of the present invention, there is
provi ded a nmet hod of manufacturingsan electrode plate for a secondary
battery wi th nonaqueous el ectrolyte conprising a collector and a coated

| ayer fornRBCBRILAE QI the BFeseptcdaveR§ion- coati ng sol ution containing at

| east an active material for a battery and a binder on the collector and
then drying the sane, wherein a ratio (b/a) of an anount (b) of a binder
existing at a boundaézﬁagrtion of the coated |ayer on an opposite side to
the col lector side t ENHION QE\THF PREFERREBEMBOREINMENTSIit a boundary
portion of the coated |ayer contacting the collector is 0.05 or nore and

| ess than 2, the The psesedvpinventionaidilepe slescaibhedgherevaded widter

having a predeterm ned thickness by repeating at |east two tinmes of

coat i ng antefeyenge ptodlfsds aindr preferngdt ¢mbadiments sol ution for the

el ectrode plate containing on the collector and then
Referring to FIG. 1, an electrode plate 1 for a

secondary battery with nonaqueous electrolyte according to the
present invention is composed at least of a collecting element
or collector 2 as a substrate and a coated layer 3 formed on the
surface of the collecting element 2. The coated layer 3 is
formed by coating a coating solution containing at least an .
active material and a binder on the collecting element 2 and
drying the same. I;i the present invention, it is characterized
tha‘t;, with respect to the existence amount of the binder in the
coateé layer of the electrode plate for the secondary battery
with the nonagueous electrolyte, the existence amount of the
binder at the contacting surface side 4 to the collecting
element 2 is larger fhan or substantiallir equal to that at the
exposed surface side 5.

In order to obtain the electrode plate for the
secondary battery with nonaquéous electrolyte-of the present
invention having the structure mentioned above, it is
desirable to prepare a coating solutioh for an electrode by
kneading at least the active material and the binder and coat
the thus prepared coating solution on the collecting element

two or more times in a repeated manner to obtain a coated layer



-7- drying the same, wherein a thickness of a coated |ayer forned _ii__:‘ri..'ja-_:'-.f-':f-"_"-
second tinme or nore than second tinme coating and dryi-ng processSes: i §rsuwsit

i ncreased by an amobunt in a range of 0.4 to 1.6. tine of a thickness of a
coate&d | ayer already fornmed in ‘preceding coating and drying processes, or
wherein an increased anmpunt in weight per unit area of the coated |ayer
formed in a second tinme or nore than second tinme coating and drying
processes is in arange of 0.6 to 196 tine of a weight per unit area of a

coated | ayer ready f.ormed in ecedin oating apd dryi rocesses.
Accor di ng %&%&Yp?’égéﬁ’g PR $€"ﬁr’5’r"?‘ﬁ§b§'ﬁ2ﬁn§ er §° %é%d‘%% %9%, at
the tine of_formng t coat | ayer.b coating the coating solution on
the col | ectB® 598%339$W%ﬁﬂ%%% ﬂéagﬁﬂ% proge é’(?‘]f&?'é}edcgﬁ HBangLed

wi t hout reducing the existence anount of the binder at the_boundary
portion of SUE Rk B¢ afBICkBRESC OGN WPRF |Jaxay , feFmedichyr BRABDY, the
coated | ayer having a_sufficient thickness can be fornmed w thout damaging
the adhesi GP3F&% SRAeRELeRhdbe BRECBEEHL LSaRr2 Z9PgehefDi4 &a 8- 6

Furthernore, according to the present invention, the drying speed can be
made fast iq%ﬁappgoﬁhWIfﬁess of a lower layer formed by.being coated

and dried in the first time or in a range of 0.6 .to 1.6 time in

weight ratio, and in the case of coating processes three or
more than three times, the thickness of an upper layer newly

- formed by each coating process is in a range of 0.4 to 1.6 time
of the thickness of the layer already formed, or in a range of
0.6 to 1.6 t;i.me in weight ratio.

The electrode plate of the present invention is
characterized in that the existence amount of the binder in the
coated layer is distributed in a fashion reverse to the
distribution in the prior art mentioned hereinbeéfore, and that
the existence amount of the binder at the contact surface of
‘the coated layer to the collecting element is larger than or
subs’tanti'ally equal to that at the opposite exéoéed surface of
the coated layer, of even in a case where the exi_stence amount
of the binder at the contact surface of the coated layer to the
collecting element is smaller than that at the opposite exposed
surface of the coated layer, the difference of the existence
binder amount between both the surface sides of the coated
layer is made extremelf small.

In the case where the coated layer havirig a

predetermined thickness is formed as in the prior art by one

o



the prior art nethod, so that the productivity of the electrode pl atescan

be effectively inproved. BRI EF DESCRI PTION 'OF  THE DRAW NG =~
In the acconpanying drawi ng,.'a single drawing of FIG 1 represents a

schematic sectional view of;san el ectrode plate = according to the
present invention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

The present invention wll be described hereunder with reference to FIG 1

and preferred enbodi nents. -10Referring to FIG 1, an electrode plate

1 for a seepngary) baldatiihgh bRANOBAMIGS UDrelcrsts! Ol ¥ifcacadidli aakanghe

present invention is conposed at |east ©of "a collecting el enent or

col l'ector %&%%&gbg_tsr ab%%%fa a,3e8! edal J¥Ehe By f AL O HilkGknety f age of

the collecting ement 2. The coated layer 3 1s formed by coating a

tcﬁgt ngl : g{ﬁ%‘%g% ?ilgka';%%%ads%%f in3he B6htY8 TR/ bakiAGdere Rirjdag ON
process and the coated layer after the drying process includes
‘a large amount of the binder at the exposed surface side, and
on the contrary, a lesé amount of the binder at thel contact
surface side. This may result in the lowering of the adhesion_
performance; and the coated layer becomes eésily peelable from
the collector surface side at the time of working the electrode
plate, which may also damage or reduce the flexibility of the -
electrode plate as a whole.

On the cl:ontrary, according to the present invention,
since there is adapted the structure in which the binder exists
largely in amount on the contact surface side to the collecting
elemen‘f:, the adhesion performance between the substrate of the
collecting element formed from a metal foil a;nd the coated
layer can be improved. Furthermore, the flexibility of the
produced electrode plate can be more improved in the case where
the coating and drying process is performed two or more than
two times as in the present invention than in the case where
the coating and dryihg p'rocess is performed only one time as-in
the prior art.

According to fche present invention, withl respect to the
existence amount of the binder in the coated layer containing

the active material and formed on the collecting element,

although it is preferred that the existence amount of the



drying the sane. In the present invention, it is characterized that; Wlt SR
respect to the -exi stence anount of the binder in the coated |ayer of g
el ectrode plate for the secondary battery wth the nonaqueous el ectrol yte,

t he exi stence anount of the binder at the contacting surface side 4 to the
collecting elenment 2 is larger than or substantially equal to that at the
exposed surface side 5. | n.iqrder to obtain the electrode plate for
the secondary battery with nonaqueous el ectrolyte of the present

| nvention 155?:}1 &8 hLie id %ﬂfé&cgeghkggég o 'éod ddfé*%@bltﬁ Ly dr epare

a coating solution for an electro kneadi ng east e active

mat eri al %]91 dgi eRBHLCPAt ta% Saatd on the
collecting e jéér.rel;%?hgt% or rm?% %?% * Pcfe:S%Q{besg: rrannaequ{ %@0 tla?% a

coat ed Iay I Vi

pr edet er m nead ah ﬁe%gpoflt?h ?%?eﬁ%ﬁugﬁagﬁ °¥ Ffé‘ ecgg%%ga *%%er ep%n

coati ng prpcegs nqq t he t.h| kness

upper Iayer&f%rcn:lz%1 e hDe%]l’eng é n%Fd?m%‘ﬂb‘f Qf ?eg o] i e |%ﬁ n a

range of OugniQct surface of the coated layer is smaller than that at the

opposite exposed surface of the coated layér, substantially
the same improved adhesion performance between the coated
layer aqd the collecting element can be achieved if the
difference of the existence binder amount between both the
surfaces of the coated layer is made extremely small. -

In the above description, the expression
"substantially equal" means that a ratio (b/a) of the amount
(b) of the binder existing at the exposed surface of the coated
layer with respect to the amount (a) of the binder existing at
the contact éurface of the coated layer is less than 2, and in
the case where this ratio of is 1.6. or less, especiélly
désirable adhesion performance can be realized.

On the contrary, in the case of this ratio (b/a) being
extremely small, although an improved adhesion performance is
realized, several severe problems including a case that powder
will fall from the exposed surface will be caused because of
extremely ‘small amdunt of the binder at the exposed surface
side of the coated layer. Accordingly, the ratio (b/a) of the
amount (b) of the binder existing at the exposed surface of the
coated layer with respect to the arﬁount (a) of the binder

existing at the contact surface of the coated layer is to be



tinme of the thickness of a |ower |ayer forned by being coated and dri edaln

the first time or in arange of 0.6 to 1.6 tinme in  weight ratid, and™n
the case of coating processes three or nore than three tines, the

t hi ckness of an upper layer newy formed by each coating process is in a
range of 0.4 to 1.6 tine of the thickness of the |layer already forned, or
inarange of 0.6 to 1.6 tinme in_weight ratio. The el ectrode
plate of the present invention is characterized in that the existence

¢ of . : ' . . ot c ; .
?ggpseot oi?t_ﬁé%gid%% ra: gﬁH}%nO _Ic(gsa‘t ?\% Jﬁ%{%’; d&%&%ﬁﬁ' %ﬁégﬁfe?lg?%bﬁc%% and
that the eéé%tgggﬁgmg%??nt of the binder at the contact surface of the

coat ed IayBr Lo ng element is larger than or substantially -
equal to that at the opposite exposed surfa f ot coated | ayer, or even
iﬂ a case where thﬂ’%)?’%}ﬁé‘é:ea ﬁ“’f‘g %t?ﬁ%%&%ﬁ&‘e?@%’r?h%gﬁﬂ C&Sr f ace
of the coated Ia\éer t %he coJlecting elenent is smaller than t}pat at the
opposi to e RO COBTEALLAYST Wk PEACRSYERAPY /1 $0F GHAME Sio naB X THRY
exi stence i nder anmount between both the surface_sides of. the goat ed

c

| ayer is nBOQtERLPEREPY sARgCtroscopy” | (XTFY cafflwher® iR cdSted | ayér

having a predeterm ned thickness is forped as in the prior art by, one
. photoelectron spectroscopy using an X-ray for generating

electrons, preferably, a single-color soft X-ray and which is
excellent as a measuring means for obtaining information of a
surface of a solid_' material. This X-ray photoelectron
spectroscopy may be called : Electron Spectroscopy for Chemical -
Analysis"” (ESCA). -
In a case where a 'fiuorine series resin is used as a
binder, the existence amount of the fluorine atoms contained
in the binder directly indicates the existence amount of the
binder. Accordingly, in such case, it is poss'ible to confirm
the amount ratio of the binder by measuring the existence
amounts of the fluorine atoms contained in _the binder at both
the surfaces of the coated layer and comparing the thus
measured existence amounts of the fluorine atoms with each
other. According to the X-ray PS, the existence amount of the
fluorine atoms contained in the binder will be detected as a
ratio of the existence amount of the fluorine atoms with
respect to the existence amount of pther atoms existing in the
measured portion, i.e. as a composition ratio of the respective
atoms existing in the measured portion. Then, the existence

ratio of the atoms between the two boundary portions can be



-10- (single) coating and drying process, since the coating solution is.ﬂ““

—

coated with relatively |arge-thickness, a conveection flow is caused in- e

coated |l ayer during the drying process and the coated |ayer after the
drying process includes a |large anount of the binder at the exposed
surface side, and on the contrary, a |l ess anount of the binder at the
contact surface side. This may resuylst in the |owering of the adhesion
performance, and the coated | ayer becones easily peelable from the

col | ector seHIGEFatédoPirdWeivdBy Gonukidly tHe AhRsliniatdl ahdunthi ch

may al so danage or reduce the flexibility of the electrode plate as a

whol e. existﬁi%tél?.ﬂ@@ﬁdée@%ﬂb@gofotﬁé‘ecd%[@é&rﬂa§ﬁ SRl khe SINCE

there is adapted the structure in which the binder exists rgely In

amount on t#EEOHRE E i dntiftS 648 st g8 +COhS &Sl ikt & £hide-caghesi on
ment gfr

performance between the substrate of the <collecting ele or e om a

LSt o 11 PO (00 koM i, e R SR ISATY Bt

case where gider ORMtdd01RANEhd" ¥ba%eA" 2668% ba1RE" LOLTREEWROT FIR' §plhan
positive electrode, cobalt, nickel, manganese, vanadium or
chromium.can be used as the reference. These materials are
active materials for the positive electrode, and since these
materials hardly cause convention flows because of their large
particle sizes and large gravities, these materials are .
uniformly distributed in the coated layer. On the other hand,
in the negative electrode, carbon atom, which is one of active
materials for the negative electrode, can be used as the
reference. The carbon atom constitutes not only the active
material for the negative electrode but also anoi;her component
contained in the coated layer. For example, the fiuorine séries
resin is aﬂ organic material including a large amount of
carbon atoms, and accordingly, the carbon atoms are uniformly
distributed in the coated layer for the negative electrode.

In the present invention, aluminum K& -ray which is one
kind of soft X~ray sources was used as an X-ray source. The
measurement was performed with conditions of measuring region
being 1100 £m¢ and X-ray output being 15 kV and 35 mA. The
fluorine atom amount in the coated layer was measured by
utilizing a peak in a binding energy region from 685. to 692 eV.

The cobalt atom amount was measured by utilizing a peak in a



two times as in the present invention than in the case where the coating: "’
and drying process is performed only one time as in the prior. art ...l
According to the present invention, with respect to the existence anmount
of the binder in the coated layer containing the active material and
formed on the collecting elenent, although it is preferred that the-
exi stence anount of the : bi nder "at the contact surface of the
coated layer to the collecting eleneht-is larger than or substantial ly
equal to that at the opposite exposed surface of the coated |ayer, even
in a case WAtREinGeLRRTEY SFRELAmARAT F8Q B¥ Bhddehe manbion atwm agount f ace
of the coated layer is smaller than that at Fhe qpp05|te.exposed surface
of the coat¥@S|BeREUredhlyY awtihizingt dcpealreln mpidned ngdlersingy pedimmance
bet ween the coated |ayer and the collecting el ement can be achieved if the
di fference Bear8% &%t ence bi nder anopunt between both the surfaces of the
coated layer is nade extrenely snmall. I n t he above
description, the Thexplestrade plate having the structure described
above is prepared in a manner such that the coated layer on the
collecting element substrate is formed by repeating the
coating and drying processes two or more times and,
furthermore, the coating process is performed in a manner such
that the thickness of the layer formed in and after the second
time is in a range of 0.4 to 1.6 time of the thickness of the
layer already formed, or in a range of 0.6 to 1.6 time in weight
ratio per unit area. As a result, electrode plates each having
an improved adhesion property between the collecting element
substrate formed of a metal foil and the coated layer can be
obtained with high productivity. That is, in the case where the
coating process is carried out in the repeated manner and the
thickness of the layer newly coated on the upper portion in or
after the second time coating and.drying'process is in a range
of 0.4 to 1.6 time of the thickness of the layer already
formed, or in a range of 0.6 to 1.6 time in weight ratio, thus
obtaining the desired coated layer thickness, the thickness of
the coated layer formed by the respective coating and drying
processes can be made thin in comparison with the prior art
technology in which the coating and drying process is performed

only one time, whereby the productivity can be improved as

mentioned hereunder.



"substantially equal” neans that a ratio (b/a) of the anount

especially desirable adhesion performance can be reali zed.

——

(b) of the "7 ¢
bi nder existing at the exposed surface of the coated. .layer wth.respect. Lo .....
the amount (a) of the binder existing at the contact surface of the coated
| ayer is less than 2, and in the case where this ratio of is 1.6 or |ess,

On the

contrary, in the case of this ratio (b/a) being extremely small, although
an i nproved adhesi on performance is_jgealized, several severe problens

i ncludi ng a case tpat
caused because of - 8kt
surface sid

$owde

_ |l fall fromthe exposed surface will be
PP s 1t P GRERheFe ireafiadielesitrode kapdagd
ated | ayer. Accordingly, the ratio (b/a) of the

of the.c y )
anount (b) ao?‘-a?ﬁé' _ Me‘ﬁﬂ‘gf‘eéfi Sfi #§0at‘m HeafdeFodayingdf REerepPeakiéngcueed
layer with respect to the anpunt (a) of the binder existing at the contact
surface of YiR@sce4t egardpgrand deyHeg processes is prepared, the first - 12-
limted to a value 0.05, or nore, preferably 0.5 or nore in the present
i nvent i on. time coatingang dnvine: pxesess b$ nenfarimedesoats i bbttadnsar f aces

layer thickness of 90 Zm and the second time coating and drying
process is then performed so that the layer thickness is
increased by 70 4m to thereby obtain the coated layer having
the predetermined desired thickness of 160 4m.

On the other hand, in a case where the layer having the
thickness of _160 Lm is _fdrmed through only one coating and
drying process, although the drying itself may be performed at
a speed of 3 m/_miri. or more by using a 4 m drying 'zone, when the
coating solution coated in thick is dried rapidly, a binder
containing ratio on the exposed side éurface of the coated
layer gets higher and, in relative, the existence amount of the
binder on the surface contacting to the collecting element is
reduced, resulting in the formafién of the coated layer having
less adhesion performance. In order to prevent such defect, it
will be required to dry the coated solution at a slow coating
speed of less than 1 m/min.

On the contrary, in the case where the coating solution
is coated in two times to form the layer thickness of first 90
Zm and next of 70 #m, since the thickness after the first
coating and drying process is thin thickness of 90 Zm with less
amount of solvent of the coated ink, the drying process can be

carried out at the fast drying speed of 4 m/min. or more, thus



of the coated |ayer will be neasured by, for exanple, "an X-ray
phot oel ectron spectroscopy” (X-ray PS), which 1is  a -phot-oelectton s
spectroscopy using an X-ray for generating electrons, preferably, a

singl e-color soft X-ray and which is excellent as a neasuring means.for
obtaining information of a surface of a solid material. This X-ray

phot oel ectron spectroscopy nay Q&_cal led "El ectron Spectroscopy for

Chem cal Anal ysis" (ESCA). In a case where a fluorine series

cont ai ned v dinthy ¥ 08ked LS I 0 TR it BReranRe81SFhe
fatio of t HEH ARG, LG FFAE eR SratRtR 1B b A B8P CPREL PR
compar i ng. 8 PRYAPSTRRRN e ST DR LoURE ITHETOL o TREFPOGT ABSatBHE v (h
Fltorine atSHESCh; B8 e GIRICPLAFPFS LANGcHBIChA RF & FUFFBeS! the
b T R T R AR R
conposition ratio of the respective atons existing in the neasured

portion. TH&YSG RBiEkPess Re 160a¢Mm Bitime-reqeired foRctinis meqons tduadary

portions can be . .
drying is of about the time in the first process or less than

that, so that the coated solution can be quickly dried at the
drying speed of 4 m/min. or more. Furthermore, in the case .of
the second time coating process, since the ligquid component of -
the coating solution coated in the second time coating process .
invades into fine gaps or pours of the first time coated layer
and,accordingly, the binder in the coated layer or the coating
solution moves towards the collecting element side, the. coated
layer dried in such state includes the binder on the contact
surface side to the collecting element having an amount larger
than that of the binder on the exposed surface side of the
coated layer. Accordingly, the adhesion performance of the
coated layer formed in accordance with the above first and
second time coating and drying processes can be extremely
improved in comparison with the case where _the coated layer
having the thickness of 160 £m in one time coating and drying
process as in the prior art. Still furthermore, in the case of
first and second coatihg and drying processes carried out
independently, the two times of the coating and drying

processes are performed each at the drying speed of 4 m/min,



—

13- calculated by relatively conparing the fluorine atom amount = exi.sting. -

at the exposed surface of the coated layer with the . .fluorine atom-afBuntai....

exi sting at the contact surface thereof
substantially uniformy distributed in the coated |ayer being a reference.

For the positive electrode, cobalt, nickel, nmanganese, vanadi um or
chrom um can be used as the reference. These naterials are active

materials for the positive el ectrode,-1and since these
cause convention f|lows because of their |arge |
graviti es, whishewihi Syhgtantialincosraspontste ppeeed whenehEhe RREHCS ayer .

On the other hand, in the negative el ectrode, carbon atom which is one of

active marcegting and drwing eregesse|iscpevfermned @ththe dxying speed of

ref erence.

The carbon atom constitutes not only the active material for
t he negati Zemdindat.r d¢eordingllye dmosheh casponthe productiedty camebeoat ed

| ayer. For exanple, the fluorine series resin is an organic materi al
i ncl udi ng dmpxmoyedarwantines i demparicen wikh the Qafiengifyonereozbinen
atons are uniformy distributed in the coated |ayer for the negative

el ectrode.

and drying process at the drying speed of 1 m/min. In this
process, since a part of the binder component of the soiution
coated in the overlapped manner moves in the coated layer
already formed, the increasing o0f the coated layer weight is
not necessarily in proportional to the increasing of the coated
layer thickness according to the kind of the active material of
the ink to be used.

Further, it is to be noted that, in the coating and
drying processes of the present invention, although these
proéesses are carried out two or more than two times, it is not
necessary to use two coating machines, but it may be sufficient
to use only one coating machine having two coating units.
Therefore, i:his does not lead to cost: increasing for the
machine, and moreover, since repreciation cost to the machine
is reduced year by year, it will be said that the manufacturing
cost will be reduced according to the increasing of the
productivity thereof in the entire viewpoint.

Still furthermore, in the_ formation of the coated layer
through one time coating and drying process as in the prior art
technology, since the thickened coated layer is dried by heat
and air wind, the. polymer as the binder .may exist in an

unevenly distributed manner on the exposed side of the céated

with the exi stence anmount of atons

materials hardly
particle sizes and | arge



——

In the present invention, .alumnumKa -ray which is one Ki nd of soft X—ray
sources was used as an X-ray source. The neasurenent was..performed. withiii ...
condi tions of measuring region being 1100 [err] and X-ray output being 15

kV and 35 mA. The fluorine atomanount in the coated | ayer was neasured by
utilizing a peak in a binding energy region from685 to 692 eV. The cobalt
atom anount was neasured by utilizing g peak in a

-14- binding energy region near 780 eV and the carbon atom anount was

bi d 285 e
et oo AP R e B &%%%:Pgﬁaée%&&gﬁiéw\gb%fgi. .
h n e ec su
formed by rEbBattiY SHE o Jmeh Fusht ryRg %f %@iﬂg i tht
orned in a nanner suc a
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of 0.4.to 1. of the thlckness of _.the _|ayer already forrred or
rﬁngerange HFY8 6 qg‘jf 6MBY mF G %% §Rt the lowering’ of the adhesion

performance of the coated layer to the qollecting element
substrat.e. The uneven distribution of the binder is caused
dependent on the thickness of the layer to be coated, the
drying temperature and drying air flow amount.

The coating method for forming the coated layer will be
described hereunder with reference to concrete exaniples -
together with the description of the explanation how the nature
of the coated layer to be finally produced is changed by the.
difference of the thickness of the coated layer in the
i‘espective processes. In the following description, the
thickness of the layer formed throﬁgh the first time coating
and drying process is denoted as T,, the thickness of the layer
formed through thé second time coating and drying process is
denoted as T,, and the thicknesses in the further subsequent
coating and drying processes are denoted as T,, T,, ---~T,.

When an electrode plate is produced by repeatedly
coating a coating solution to obtain a coated layer having a
predetermined total thickness in an overlapped coating manner,
@ desired coated layer having an excellent adhesion
performance can be obtéined through the respective coating
processes with the coated thicknesses in accordance with

following equation in which the coated layer thickness in each



ratio per unit area. As a result, electrode plates each having an.i rr'prove"d'

adhesi on property between the collecting elenent substrate forned.af .a. .oz,

metal foil and the coated |ayer can be obtained with hi gh productivity.
That is, in the case where the coating process is carried out in the
repeated nanner and the thickness of the layer newly coated on the upper
portion in or after the second tine coating and drying process is in a
range of 0.4 to 1.6 tinme of the th!_ct)r:ness of thﬁ Iayelr3 al r_eadyt hf o;lmeq, gr
inarange of 0.6 to 1.6 time in weight ratio, thus obtaining e desire
coated | aye?o?glieﬂrﬁﬁg?e?ﬂé'ﬁ Fedigradaes toprowsin el EhirknsFred. HytQ he
respective coati and drying processes can be nmade thin in conparison
with the prio 'E:p‘ge % I'dHekneshich thee laperi fioreed iR yihg Prasdy is
performed only one_time, whereby the productivity can be inproved as

ment'i oned h@?’EgﬂH’éﬁd coating process. -15- For

exanple, in a case where a coated el ectrode having a layer thickness of
160 [err]m (after cf?y‘*T‘lgf By <r &pb8ting two tines of coating and drying

processes is prepared, the first )
0.4 (T, + T,) €Ty <1.6(T, +T,),

0.4 (T_1 + T+ =-+T))<T s1.6(T, + T, + ———= + T...)

However, in the case of 0.4T, 2 T,, because of less
amount of the liquid component in the coating solution coated
in the second time coating process, the newly coated coating
solution did not hardly reached the contact surface. of the
coated iayer to the collecting element even if the solution
invades the coated layer formed through the first time coating
process and the improvement in the adhesion property was not
realized. Further, in the case of 1.6T, < T,, because lthe amount
of the liquid cbinponent in the coéting solution coated in the
second time coating process is excessive and it is hence not
absorbed in the coated layer formed through the f_irst time
coating process, the binder of the co_ated layer -formed through
the first time coating process is locally re-dissolved or the
convection flow of the solvent is caused entirely in the coated
layer. Accordinglsr, in this'case, a coated iayer having a bad
adhesion performance to a degree which is obtainable through
only one coating process to form a thick iayer thickness.
Furthermore, in the case of 0.4T, 2 T, or 1.6T, < T,, the
differénce in the thicknesses of the coated iayers formed in

the respective coating processes becomes large and it becomes



time coating and drying process is perforned so as to obtain a |ayer:

t hi ckness of 90 [err]mand the second tine coating and drying process |s
then perfornmed so that the layer thickness is increased by 70 [err]mto~ -

thereby obtain the coated layer having the predeterm ned desired thickness
of 160 [err]m ' On the other hand, in a case where the |ayer having
the thickness of 160 [err]mis formed through only one coating and drying
process, although the drying itself y be performed at a speed of 3
mmn. or nore by using a 4 mdryi ng®Zone, when the coating solution

coated in tHigkika16r ik8dmald dnored tl?{enfa%aﬁggo%fiﬁbei 99, r‘ﬁ% %V%bétcﬁgiﬁposed

side surface of the coated |ayer gets hi and, inre

existence agpgdbs@bstNen HEHGadd, e UL kARE: GOULAGHLIEG [hd RELAIPCLi ng

element is reduced, resulting in the tormation © yer vi ng

| ess adhesi gRoseELEs A Gruddl Uidhidls UG BLRYERqSuCh defect, [t will be

required to dry the coated solution at a slow coating speed of less than 1

nmn.- On $her gar )&q [ gohg?ﬁlggégi&Qer &t !Eﬁeco%%é’g?e?%érg ion is

. s
coated in two tinmes to formthe Tayer ckness ot first and

process | s TRrREEbrRE cHd Pradep ERfeliifh, b ol LBPSEORERe S "\ ne

coated | K. pEORelLyhiflol! GERP £H30iREss ‘A EbEHe8 Yy HpllBebRf el i SPocd

out the coating and drying processes of the coating solution in

which the coated layer having a predetermined thickness is
fofmed and laminated in each process, and moreoirer, the coatiné
process.is performed in a manner_such that the thickness of an
upper layer formed by being coated and dried in the second time
is in a range of 0.4 to 1.6 time of the thickness of a lower
layer already formed in the first time coating and drying
process, or in a range of 0.6 to 1.6 time in weight ratio. In
the case where the coating and drying processes are furthef
increased, the thickness of the layer newly coated at each
process is in a range of 0.4 to 1.6 time of the thickness of the
lower layer already formed, or in a range of 046 t§ 1.6 time in
weight ratio.

Further, it is to be noted that, in a case wh_ere the
thickness and the weight of the layer coated in the coating
process after the first time coating process are not arranged
in the ranges mentioned above, accordiﬁg to the other aspect of
the present invention, it is possible to obtain the
predetermiried ratio (b/a) of the amount (b) of the binder

existing at the boundary portion of the side of the coated

PP



-16- obtaining a coated |layer having a relatively desired adhesion.- i .-: "

performance. In a further process in which the second coating and drying

process for the |ayer which is coated on the layer fornmed in the first

time process and which has a further
to thereby obtain the total

AR LR W

t hi ckness of the layer of 70 [err]m
| ayer thickness of 160 [err]m a time required

for this second tine drying is of about the tinme in the first process or .

| ess t han

that, so that the coated sePlion can be quickly dried at the

drying speed of 4 mMmn. or nore. Furthernore, in the case of the second
tinme coati ng@PREcEBBOSAtACEOt Re 18Il condmesingt the colkecbing rejlemsnt i on
coated in the second tine coating process invades into fine gaps or pours
of the firstotithe araunt| 63dr ofarkhe detwiel ngkistimg bitnddwe ibourddampat ed

| ayer or the coating

of the bi ndehangingethe monpbsition catiideosfthdactivat mdtbayal. and the
Accordingly, the adhesion performance of the

binder in the coating solution in each coating process.

Respective materials for constituting the electrode
plate for secondary battery with nonaqueous electrolyte
according “Eo the present invention will be further described
hereunder.

A secondary battery with nonaqueous electrolyte is

characterized by using a solution of nonaqueous organic '

solvent as electrolyte, which is generally represented by a
1'ithium secondary battery. For example, an electrode plate is
prepared by lforming a coated layer (active matérial layer)
containing an electrode active material on a collecting
elemeht substrate formed of a metal foil, and a nonagueous
organic solvent solution is ﬁsed as an electrolyte. In such a
lithium secondary battery, charge-discharge can be performed
through giving _and taking of electrons at the time of the

lithium ion movement.

The coated layer constituting the electrode plate for

the secondary battery with the nonaqueous electrolyte
according to the present invention is formed from an electrode
coating solution containing at least an active material and a
binder. As the active material for the positifre electrode

utilized for the present invention, the following material

: sol ution noves towards the collecting el ement side,
t he coat ed PPaE¥éPNIRf cthe cadlEcting elemehtidesde lef hedepatadt heyenrdsact
surface side to the collecting el enent having an anount |arger than that



coated layer fornmed in accordance with the above first and
coating and drying processes can be extrenely
the case where the coated | ayer
time.coating and drying process as in the prior art. Still furthernore,

the case of first and second coating and drying processes carried out
I ndependently, the two tinmes of the coating and drying processes are
performed each at the drying speed2ef 4 nmimn,

-17-

which will substantially correspond to a case where the entire
coating andvilllibe prodceksi, fqrerdxample,alitheudr yiide spae & Liad,)i n.

Accordingly, in such case, the productivity can be inproved two tines in
conpar i son MINiOt, haiomse, or ahe ddke,NghadbdgéhYedlpPind essctad heisl,yi ng

in

speed of 1 mmn. In this process, since a part of the binder conponent of

t he sol uti quno
al ready forne

t he increasing of t he coated | ayer weight is not

necessari | Yor Nt Opehé ORGhd| Oakhenbnakeasbndatbribe @eat efe ha¥ative
t hi ckness according to the kind of the active naterial of

electrode, the following material will be desired to be used,
for example, metal lithium, lithium alloy, ‘or carbon material
such as graphite, carbon black, acetylene black or the like.
Particularly, in the use of LiCoO, as the active material for
the positive electrode and carbon material as the active
material for the negative elecfrode, a 1lithium series
secondary battery having a considerably high discharge voltage
of about 4 Volts. It is desired for these active materials to
be uniformly dispersed in the coated layer. For this purpose,
in the present invention, it is preferred to use pbwder
material as the active material having a particle ;liameter of
1 to 100 £m and average diameter of the particles of about 10
Km. |

As the binder usable for the present invention, there
will be provided a thermoplastic resin, and more concretelly,
one of resins may be selected optionally from polyester resin,
polyamide resin, polyacrylic acid ester resin, polycarbonate
resin, polyurethan resin, cellulose resin, polyolefin.resin,
polyvinyl resin, fluoride resin, and polyimide resin. In such

case, it maﬁr be possible to mix at the same time a compound

~incorporated with reactive functional group (for example,

' monomer or oligomer of acrylate). Furthermore, as the binder,

quonbegi ivjo] b erer 1 fe e bRNGEF taDY Fonbiddis diP&hedebdyer

second tine
i nproved-in conparison with:.
havi ng the thickness of 160 [err]mi n one



the ink to be used. - Further, it is to be noted that, in the
coating and- drying processes of the present invention,-although these - ..
processes are carried out two or nore than two tines, it is not necessaty ...
to use two coating nachines, but it may be sufficient to use only one

coating machi ne having two coating units. Therefore, this does not lead to
cost increasing for the nachine, and noreover, since repreciation cost to

the machine is reduced year by year23it will be said that the

manuf acturing cost will be reduced according to the increasing of the
productivihé}thereof Ln the entire viewoint Still furthernore,

in the forn@t1SPMSF eheTyAake mayebe selelymsade Prnde BiabYFR ofadhdsyi ng

process as in the prior art technol ogy, since the thickened coated |ayer
i s dried byokhtgemesRndmongmey, mayebgRlsusgd t he bi nder may exist in an
unevenly distributed manner on the exposed side of the coated

-18- layer due to Ashetheceeblenhing eiepenttusablai fof| dheaededtrade air

fl ow speed. When such uneven distribution is caused with :
- plate for the secondary battery with nonaqueous electrolyte o

the present invention, there will be provided a metal foil such
as aluminum foil or copper foil generally having a foil
thickness of about 10 to 30 m.

The coating layer constitutirig the electrode piate for
the secondary battery wifh nonagueous electroiyte of the
present invention will be prepared in the following manner.

First, a coating solution which is to be coated on a
collecting element is prepared by using the material mentioned
above. That is, the coating solution for an electrode is
prepared by kneading, or dispersing and dissolving a binder and
a powdery ac;tive material properly selected from the materials:
mentioned above with a suitable dispersion medium. In the next
step, the thus prépared -coating solution is coated on the
collecting element substrate. There is utilized, as such
coatingmethod, gravure, gravure-reverse, die-coat, slide-coat
or the like method. Thereafter, an electrode plate is prepared
through a drying process for drying the coated coating
solution.

In the present invention, as mentioned above, the
répeatedly coated layer is formed by repeating such coating and
drying process two or moré than two times, not only one time as

",in the prior art technology. In this coated layer forming



respect to the binder at the exposed surface side of the coated layer, .- .~
this nmay result 'in the |lowering of the adhesion perfornmance of .the. coat-e....
| ayer to the collecting element substrate. The uneven distribution of the

bi nder is caused dependent on the thickness of the |layer to be coated, the
drying tenperature and drying air flow anount. The coating met hod

for formng the coated |layer will be described hereunder with reference to
concrete exanples together with thegsdescription of the explanation how the

nature of the ggated Layer to be finally produced is changed by_the
di f f er ence BFOFTHE i &%%E@asfngr@%sﬂéagﬁ%eﬁﬁﬁ fEe l?eé%fé‘iﬂ ¢ guch
processes. |n thghfo%%£ i ng description, the thickness of the |ayer forned
t hrough t het#8F sthe; E%% $RgPTaRd e ¥ n§OPMBE BT F40RABt ERSaSETORA! |,
the thickness of the |ayer fornmed through the second tine coating and
drying prodeQCess IfbAdt 8-aRIF[*F Q-4 ARdL t hdime efnthe cthigkness fafi eher
subsequent _coating and drying processes are denoted as T[err], T[err],
---- -T[erriower portionyahrandy| erredeipl she £irptopuecessy pepdatedly
coating a coating solution to obtain a coated |ayer having a predeterm ned
total thiclkFRgeaf @nbdted-dfdénecbameightanatio. In Ybei case sdwnal theyer
havi ng an excel | ent adhesi on performance can be obtained through the
respecti ve @REirg apdocdstinrgwinriecessesoaxel fhrtkarssioxrensator dhece
W th :
thickness of an each newly increased portion is in a range of
0.4 to 1.6 time of the thickness of the portion already formed
(or 0.6 to 1.6 time in weight ratio).

The concrete method of preparing the coating solution -
-for an electrode containing the active material used for the
present iﬁvention will be described hereunder.

A binder in form of particles and a powdery active
material properly selected from the materials mentioned before
are put into a dispersion medium composed of an organic solvent
such as N-methyl-2-pyrolidone or toluene and then mixed
therein. A conductive agent may be further addéd before the

- mixing as occasion demands. A composition thus formed are mixed
and dispersed by using a dispersing machine such as known
homogenizer, ball mill, sand mill or roll mill. The coating
solution is prepared through the manner mentioned above. In
this process, a compounding ratio of the binder and the active
material may be one in the prior'art technology, and for
example, it is desired that in the case of the negative

electrode, binder : active material = about 2 : 8 to 1 : 9

(weight ratio) and in the case of the positive electrode,



foll owi ng equation in which the coated | ayer thickness in each .

m—m—

-19- coating process is determ ned to provide the thi-ckness 0.4 t-o-----1..--6-.-.~---.---..--‘..-
time of the thickness of the layer formed in the already perfornmed coating
process. 0.4T[err] [err] T2 [err] 1.6T[err], 0.4
(T[err]. + T[err]) [err] T[err] [err] 1.6(T[err] + T[err]), 0.4
(Tlerr] + Tlerr] + -- + Tlerr]) [err],dlerr] [err] 1.6(T[err] + Tl[err] +

---- + T[err]) However, in the case of 0.4T[err] [err] Tl[err],

because of Bisfer aiDEBtiok mMBRekiiadl d GHRANANt, iyh tie foat! 69(%&%@“

coated in the second tinme coating process, the newy coated coatl

sol uti on di¥bins) harehyné#achadnbhenaealaals SULEACESObrbBA1 tEOALAMRLAYET L0

the collecting el ement even if the solution Invades coat éd Tayer

fOhred ' Ok e bt chid P €08k Uk BRACANNAYlad "bd TREGUCTRY! chid | e

adhesi on property was not realized. Further, 1nt case 0 err|

[err] Tl er rdondRSRUAE ddh TN a8ledfy LicBldoFORBANSRL, i N the coating

solution coated in the™ second time coating process IS excessive and it is

hence not  absor bedrie b€ 16§56 fut ¥R ed P LB SLAHSH. (d¥hdd iing W1

active material prepared in the manner described above is
coated on the collecting element formed of a metal foil such as
aluminum or copper by using a gravure coater, gravure reverse,
die coater or the like. The coating and drying processes are
repeated' in plural times to obtain a coated and dried layer .
usually having a total thickness of 10 to 200 #m, preferably,
50 to 170 #4m, and further .preferably, 100 to 170 «m.

Furthermore, in order to furtheij improve the _uniformity
of the coated layer formed through the repeated coating and
drying processes, a press-treatment may be performed to the
thus coated J.'z-:tyer by using a metal roll, heating roll or sheet
press méchix_:e to thereby prepare the electrode piate of th_e
present invention. In this press-treatment, a pressing
pressure of 500 to 7560 Kgf/cm? may be generally utilized, and
preferably, of 3000 to 5000 Kgf/cm® will be utilized. In the
case of the press pressure less than 500 Kgf/cm?, it is
difficult-to obtain an improved uniform coated layer, and in
the case of the press pressure more than 7500 Kgf/cm?, the
electrode plate itself including the collecting element may be
damaged. |

Furthermore, in the case where a secondary battery



coating process, the binder of the coated |layer formed through the. fi. rst

time coating process is locally re-dissolved or the -convection fl-ow: f}f‘--t-h&-_.__—
solvent is caused entirely in the coated Ilayer. Accordingly, in this case,

a coated | ayer having a bad adhesion performance to a degree which is

obt ai nabl e through only one coating process to forma thick |ayer

thickness. Furthernore, in the case of 0.4T[err] [err] T[err] or 1.6T[err]
[err] T[err], the difference in the t-ni6eknesses of the coated | ayers

formed in the es ect roces es one rge and t becones
-20- di ffld‘?ﬁ’lu{ OPF ﬁ gﬂgy'?l?'ﬁy ﬁﬁ é%?éﬁ nFRResses.
In such case, no nerit, for_ performng the_coating processes in Iural
times is adiAndiRKy mentioned "abpyes o1t 1 ndeSiEed et FuntheT tﬁ%rﬁgoWétf acts,
according to the present invention, the coat ed | ayer having

pr edet er ni MeRYAG NG, PERFSYTS Tefripg ey oy E&F‘PW-H@ 1iguidhe
coating and drying processes of the coating solution in which the coated

| ayer havi PRPREHe bafareband,thrnasserkling afeghgnbatt®rat ed i n each

process, and noreover, the coating
' In a case where, for example, a lithium secondary

battery with the nonaqueous eiectrolyte is prepared by
utilizing the positive and negative electrode plates of the
present invention described above, a nonaqueous electrolyte in
which a iithit_xm salt as a solute is dissolved in an organic
solvent is 'used. As the organic solvent, for example, are -
provided cyclic esteré, chain esters, cyclic ethers and chain
ethers. More in detail, examples of -the cyclic esters include
propylene ca_rbonate, butylene carbonate, 7-butyrolactone,
vinylene carbonate, 2-methyl- 7 -butyrolactone, acetyl-
7 -butyrolactone, and 7 -valerolactone. Examples of the chain
esters include dimethyl carbonate, diethyl carbdnate, dibutyl
carbonate, dipropyl carbonate, methyl ethyl carbonate, methyl
butyl carbonate, methyl 'propyl carbonate, ethyl butyl
carbonate, ethyl propyl carbonate, butyl .propyl carbonate,
alkyl ester of propionic acid, dialkyl ester of malonic acid,
and alkyl ester of acetic acid. Examples of the cyclic ethers
include tetrahydrofuran, alkyl tetrahydrofuran, aialkyl
tetrahydrofuran, alko#y tetrahydrofuran, dialkoxy
tetrahydrofuran, 1,3-dioxolane, alkyl-1l,3-dioxolane, and
1,4-dioxolane. Examples of +the chain efhers include

1, 2-dimethoxyethane, 1,2-diethoxyethane, dimethyl ether,



process is perforned in a manner such that the thickness of an upper layer >
formed by being - toated and dried in the second time is in-a range of 0 F™ ="
to 1.6 tinme of the thickness of a lower |ayer already fornmed in the first

time coating and drying process, or in a range of 0.6 to 1.6 tinme in

weight ratio. In the case where the coating and drying processes are

further increased, the thickness of2the | ayer newy coated at each

process is in arange of 0.4 to 1.6 tine of the thickness of the | ower

layer al r eahy 1@ dg1PEol N @ 1339 &fndr b BPetnPlLEhEE d1Rcotei @hdLkpii 0.
Further, it iS to be noted that, “in a case where the fhickness and the

vei ght of i draY i aAthdd d%&ﬁc&Pa&'Qﬂqué’é‘tﬁ‘éﬁ, dAE" tdbRadthpiehd ™

coating process ‘are not “arranged 1in the ranges nentioned above,” according

to the oth J&1e b 29kv1t BEnepr €SENt  invention, it is possible to
obtain thgrl predgtgrk'%eggrgtfo (b/a) of the anpbunt (b) of the binder

TS Tayer opposi PEepatppget & il Sllfed edmif P PUed nonagueous
electrolyte together with the organic solvent include
inorganic lithium salts such as LiCl0,, LiBF,, LiPF,, LiAsF,,
LiCl, and LiBr and organic lithium salts such as LiB(C.H;),,
LiN(SO,CF,);, LiC(SO,CF,),, LiOSO,CF,, Li0SO,C,Fs, Li0OSO,C,F,,
LiOSs0,C,F,, LiOSO,C;F,;,, LiOSO,C.F,;, and LiOSO,C,F,s.

The present invention will be described hereundér in J

more detail with reference to the following examples.

[Examples]

Example 1

A coating solution for thé positive electrode
containing the active material for the positive electrode used
for the embodiment describéd above was prépared in the
following manner.

There was used, as the coating solution for the
positive electrode, in weight ratio, 89 parts by weight of
LiCo0, powder as the active material with an average particle
diameter of 10 Zm of particles each having diameter of 1 to 100
Um, 8 parts by weight of a graphite powder as the conductive
material, and 33 parts by weight of a varhish of
poly-vinylidene fluoride resin as the binder (manufactured by

Kureha Chemical Industry Co., LTD; KF#1100, 12% solution in



- to the amount (a) of the binder existing at the boundary portion of the.:
collecting el enent side of the coated |ayer by " c¢hanging the conpdsition
ratio of the active nmaterial and the binder in the coating solution in
each coating process. : Respective materials for constituting the
el ectrode plate for secondary battery wi th nonaqueous el ectrolyte
according to the present invention W:{sl be further described hereunder.

A secondary battery with nonaqueous €t"éctrolyte is characterized by using

| uti i | t t L.Ch..J
L B sttt Gy o sl bt
el ectrode plAls i s RLRARCTaPY1LR! MW s@%ﬁ@ﬁ&ﬁq&%ééeggio \A%a”ﬁ%ﬁéaa'

| ayer) containing an el ectrode acfive maferia ecting enent

cubst 1t e, AL el B5'h441d pySAL AUNRRUERES KARNL SR,
char o0 G081 95,651 B¢ DRELOBUCHy chLE HOTcBLAD GRS N ko o8k O

at the time ot hrum WEN _
COnSt1 Ut gk Sy SECLRa el Al Lherk o GRS RERAL B e,
an el ect rod&osfgf‘;é réq_e%q!rlétc{eqn 'cont aining at least an active material and a

A first time coating process of the coating solution
for the positive electrode was performed with a die coater by
coating the thus prepared coatiné solution on a substrate of a
colleeting element formed of an aluminum foil having thickness -
of 20 4m and width of 300 mm. Thereafter, a drying process was .
performed by passing the coated substrate of the collecting
element in a drying oven having length of 8 m (80°C-100"C-
130°C-140°C)a_t a speed of 12 m/min. to the'reby form a coated
layer containing the active xjtaterial for_'. 'the positive
electrode having a dried layer thicknese of .60 Lm on the
aluminum foil substrate (coated weight 100g/m?).

Next, a second time coating process was then performed
on the coated layer formed through the above first t.ime coating
process in the like manner. Thereafter, a drying process was
performed By passing 'l_:he substrate of the collec.ting' element
in a drying oven having length of 8 m (80°C-100"C-130"C-140°C)
at a speed of 6 m/min. to thereby form a second coated layer
having a dried layer thickness of 504m on the first coated
1eyer. As a result, the coated layer, ineluding an active

material for the positive electrode, having a total thickness

et ot bt e



binder. As the active materi al

present invention, the follow ng nmateri al

-22- will

be provided, for exanple, lithium oxide such as LiCo(Jerr],

LiNNQerr], LiM[err](err] or the |like, chal cogen conpound such as

TiS[err],

Mderr], MJerr], V[lerr]O[err] or the like, or a certain

conbi nati on thereof. On the other-29and, as the active material for the

negative
for exanpl
graphite,

use of LiCo( err] ahdremfindin,etheteoated f bayet heopbsining thecwetdseand

el ectrode, the following material will be desired to be used,

eof rEtQil £ (dvargd heightmofl 189 g/ ) ceaddfommedr i al  such as

for the positive elect rode ut ilized for_Lhe

carbon bl ack, acetylene black or the like. Particularly, in the

carbon material as the active material for the negative el ectrode, a
| i t hi um serm&eer5&T Frinthehsdd Ltivd dlictErodeciss dribdkictdd gb ah agednge
vol ttage of about 4 Volts. It is desired for these active materials to
uni formy disgetaedtiford 48 naiedn yecuuhosvéhiat § teppeature dbBBQPesent
it is preferred to use powder naterial as the active materi al

having a patéi Ghémskamdy Qfiqulid OcdRPohent] M aiskcaer qarplinir erchef the

i nventi on,

particles

of about 10
electrode plate for the positive electrode of the Example 1 of

the present invention.

In the next step, a coating solution for the negative
electrode éontaining the active material for the negative
electrode used for the embodiment described above was prepared
in the following manner.

There was used, as a material for the coating solutiqn
for the negative electrode, in weight ratio, 85 parts by weight
of graphite powder, 125 parts by weight of wvarnish of
polyvinylidene fluoride resin (manufactured by Kureha Chemical
Industry Co., LTD; KF#1100, 12% .solution in
N-methyl-2-pyrolidone), and 115 parts by weight of
N-methyl-2-pyrolidone as dispersion medium. The material for
the negative electrode was dispersed by utilizing the same
dispersing machine and method as those for the preparation of
the coating solution for the pqsitive' electrode to thereby
obtain a coating solution for the negative electrode in form of
a slurry.

A first time coating process of the coating solution
for the negative electrode was performéd with a die coater by

coating the thus prepared coating solution on a substrate of

o

be



[err]m As the binder usable for the present -invention,-there &~

wi Il be provided a thernoplastic resin, and nore concretely, one of_ resifs
may be sel ected optionally from polyester resin, .polyan de resin,

pol yacrylic acid ester resin, polycarbonate resin, polyurethan resin,
cellul ose resin, polyolefin resin, polyvinyl resin, fluoride resin, and
polyimde resin. In such case, it may be possible to mx at the sane tine
a conmpound incorporated with reactiVv %f unct i onal group (for exanple,
mononer or oligoner of acrylate). Furthernore, as the binder,

-23- ol i gghercolfleret g el ditth th Formledl BEUSab1IMd EobperuFoiaf hhkiag
ol i goner and nononer may be al so used. As the collecting el enent

usabl e for ¢Hicl&ESS bFIES MhatrthdBatts,S8@RAMY pPAELESS Yead bBrEoRAGHEOUS
el ectrolyte of the present invention, there will be provided a netal foi

such as alpypaldding thalcsPERE 'sutitrad@NE AHe/ cBRYERYiAgl @idmehrPiigkRess of
about 10 to 30 [err]m
drying oven having length of 8 m (80°C-100"C-130°C-140°C) at a
speed of 12 m/min. to thereby form a coated laye} containing
the active material for the negative electrode having a dried
layer thickness of 95 4m on the copper foil substrate (coated
weight 87 g/m?). ’

Next, a second time coating process was then performed
on the coated layer formed through the above first.time coating
process in the like manner. Thereafter, a drying process was .
performed by passing the substrate of the collecting element
in a drying oven having length of 8 m (80 C-100 C_—.130' Cc-140'C)
at a speed of 6 m/min. to thereby form a second coated layer
having a dried 1$yer.thickness of 70 Km. As: a result, the
coated layer, including an active

_material for the.negative electrode, having a:total thickness
of 165/4m (coated weight of 171 g/m?) was férmed. Thereafter,
the liquid component in the coated layer for the negative
electrode thus prepared was removed in substantially the same
manner as that mentioned with respect to the positive
electrode, whereby the electrode plate for . thé negative
electrode of the Example 1 of the present invention was
prepafed.

Example 2

First time coating process of the coating solution for

e



The coating | ayer constituting the electrode plate for the secondary

battery with nonaqueous el ectrolyte of the. present invention will be .. . ..

prepared in the follow ng manner. First, a coating solution which
is to be coated on a collecting elenent is prepared by using the materi al
mentioned above. That is, the coating solution for an electrode is
prepared by kneading, or dispersing and dissolving a binder and a powdery
active material properly selected fromthe materials nentioned above with
a suitable dispersion nedium In the néxt step, the.thus prepared coating
sol ution i $RORWLHIVe helechrrde: WaF FITFRA Mst PEt ¥SifFeds sSHPR i zed,
as such coating nethod, gravure, gravure-reverse, die-coat, sl|ide-coat or
the |ike macaddngrisededion foznthpcpesbtive akestrods apdr the 2hvBLRT,
drying process for drying the coated coating solution. - In the
present i nvsitli 88, thosenwsedohntheh fiostiBramplepd @rngtiby theseme ngrners
formed by repeating such coating and drying process two or nore than two
times, not asnithasmef ttheeExsmpie % héherieby foumingthel Higyst ltimeheeatedt ed
| ayer formng . :
layer containing the active material for the positive
electrode and having a dried layer thickness of 60 £4m (coated
weight of 100 g/m?). Next, through the manner similar to that
carried out in the first time coating process, the second time
coated layer having a dried layer thickness of 60 Um was formed
on the first time coated léyer. As a result, the coated layer, -
including an active material for the positive electrode,
having a total thickness of 120 /m (coated weight of 200 g/m?)
was formed.

Thereafter, the coated layer containing the active
material for the positivé electrode was subjected to an age'ing
treatment for 48 hours in a vacuum oven at a temperature of g8o’'c
to remove the 1liquid component, thereby preparing the
electrode plate for the positive electrode of the Example 2 of
the present invention.

In the next step, a coating solution for the negative
electrode containing the active material for the negative
electrode used for the embodiment described above was prepared
in the following manner.

There was used, as a material for the coating solution

for the negative electrode, in weight ratio, 90 parts by weight

of carbone powder {Carbotron P manufactured by Kureha Chemical



-24- procedure, the coating and drying processes are perforned such-:tﬁagitjf__
the thickness of a newly formed portion in the second process is in-a. . .

range of 0.4 to 1.6 tinme of the thickness of a |ower portion alreagy = =" —"""

formed in the first process, or ina range of 0.6 to 1.6 tine in weight
ratio. In the case where the coating and drying processes are further

I ncreased, the thickness of an each _newly increased portion is in a range
of 0.4 to 1.6 tinme of the thickness38r the portion already fornmed (or 0.6
to 1.6 time in weight ratio). ' The concrete nethod of preparing the
coating soliidwétry OICA elLant),0d83caopittd)i by theighti «ef Matarmiizh usgd for
the present invention wll be described hereunder. ' A binder in

form of pargéTesnFlitiend EMler) dectdyth (HBhEEAGtuEd RS KYrsttd ebadchiom t he
materials nmentioned before are put into a dispersion nmedi um conposed of an

organi ¢ sol MedistSpich &s. N- melanyl - 2xegiobodoner 2t t Qddsenagd tiken gixed
therein. A conductive agent may be further added before the m xing as

occasi.on dml-ﬁﬁpmﬁaéﬁgﬂ, thughd or 18¢ argapixed b%nd WHigh sedgby

usi ng a di spersing nmachi ne such as known honogeni zer, ball mll, sand m |

or roll M N-ndtity LORLpTE1 200N | A4 diSpRERBhCHed Nt IFhe AALEIIAT for
} process, a conpounding ratio of the binder and
the active the negafive electrode was dispersed by utilizing the same
dispersing machine and method as those for the preparation of
the coating solution for the positive electrode to thereby
obtain a coating solution for the negative electrode in.forﬁ
of a slurry. |

A first time coating process of.the coating solution
for the negative'electrode was performed by coating the thus
prepared coating solution on a substrate of a collecting
element forﬁed of a rolled copper foil having thickness of 15
Km. Thereafter, a drying process was performed by passing the
coated collecting element substrate in a drying oven having
length of 8 m (so'c-100°c-13'd‘c-14o'C) at a speed of 12 m/niin.
to thereby form a coated layer containing the active material
for the negative electrode having a dried layer thickness 6f 70
Zm on the copper foil substrate (coated weight 64 g/m?).

Next, a second time coating process was then performed
on the coated layer formed through the above first time coating
process in the like manner. Thereafter, a drying process was
performed by paséing the substrate of the collecting element .
in a drying oven having length of 8 m (80°c-1oo°c-1éo'c-14o°C)

at a speed of 6 m/min. to thereby form a second coated layer



material may be one in the prior art technol ogy, and for exanple, it
desired that in-the case of the negative el|lectrode, binder : active

material = about 2 : 8to 1 : 9 (weight ratio) and in the case of the
positive el ectrode, -25-  bi nder

active material = about 1 : 10 to 1 : 30 (weight ratio). Further, car
mat eri als such as graphite, carbon | ack, acetyl ene black or the like

be used as
The coatin
pr epar ed

the conductive agent to b€ added as occasi on demands.
solution for the electrode containing the active materi al

FREARRRCWY PY TR

bon
may

FEngefn8rigds davesd digkaess ofodPed!Bn AfeacEPREt nFhel enent
formed of a netal foil such as alum num or copper by using a gravure
coater, graveateddayen, inglading en aetive |ike. The coating and drying
processes are repeated in plural tines to obtain a coated and dried | ayer
usual | y haviateriabtfdr tthiechegstive dlectrdis), hevihg) a pratfal dbliykness t o
170 [err]m and further preferably, 100 to 170 [err]m

Fur t her nor e9f il Qe { coa tagh wedghitnef A4S glis’® Lmasoformed . offhelreafdaired
| ayer forned through the repeated coating and

the liquid component in the coated layer for the negative
electrode thus prepared was removed in substantially the same
manner as that mentioned with respect to the positive
elec_:trode, whereby the electrode plate for the negative
electrode of the Ekample 2 of the present invention was
prepared. -

Example 3

An electrode was prepared by' using substantially the
same coating solution as that in the Example 1 in substantially
the same coating method and drying condition as those of the
Example 1 except that, for the positive electrode, the coated
layer thickness in the first coating prdcess was 60 Um (coated
layer weight of 100 g/m?) and that in thé second coating process
was 70 Lm, in total, 130 Um (coated layer weight of 217 g/cm?).

On the other hand, for the negative electrode, the
coated layer thickness in the first coating process was 70 Um
(coated layer weight of 64 g/m?) and that in the second coating
process was 75 4m, in total, 145 4m (coated layer weight of
150 g/m?). Thereafter, as in the Example 1, vacuum drying
process was performed to thereby obtain the .positive and
negative electrode plates.

Example 4



dryi ng processes, a press-treatnment nmay be perforned to the thus- coated

| ayer by using a nmetal roll, heating roll or sheet press .machine tQ. ... .

t hereby prepare the electrode plate of the present invention. In thi s
press-treatnment, a pressing pressure of 500 to 7500 Kgf/cnierr] may be
generally utilized, and preferably, of 3000 to 5000 Kgf/cn2 will be
utilized. In the case of the press pressure |l ess than 500 Kgf/cnferr], it
is difficult to obtain an irrproved urB4orm coated |l ayer, and in the case

of the press pressuie diud ngwé%ggeéggégmggdsdlgri%u&@t%%@l%cﬁyp@ge

Itself including t

A ure%%%ﬁsoﬁ’ﬂ%ﬁﬁa TR RS e 3 4y B CRR AR e
i on d f h

educi ng t r BAPrERTS SSRERRAR .%Lft&” cé‘%p%%%%xm“éat ' %ﬁw‘% et "

assenbl i ng the tte

. lithi
secondary ga?t &Y h EYWC%%%aHaﬁoE?P&F%S?e& f? .‘é’%%-gg %fygnglt i

processes were performed by using the drying oven having a
length of 8 m (80°C-100"C-130"C-140'C) at a drying speed of 16
-m/min. (first drying), 12 m/min. (secoad drying) and 6 m/min
(third drying).

In the preparation of the positive electrode, the
thickness of the first cOatedilayer was 35 ﬂm,-that of the .
second coated layer was 40 Zm and that of the third coated
layer was 70 4m (145 Zm in total, coated layer weight of 242
g/m? in total). In fhe preparatioﬁ of the negative electrode,
the thickness of the first coated layer was 35 ltm,' that of the
second coatea layer was 50 Um and that of the third coated
layer was 70 £m (155 Um in total coated layer weight of 160
g/m? in total). Thereafter, as in the Example 1, vacuum drying
process was performed to thereby obtain the positive and
negative electrode plates.

An_example, in which composition ratio of the bindér
and the active material in a coating sclution is changed in
eaéh coating solution for forming each of the coated layers
after the fi;st time coating';nd drying process, will be
deséribed hereunder as Example 5.

Example 5

A coating solution for the positive electrode



utilizing the positive and negative el ectrode plates of the present .
i nvention described above, a nonaqueous electrolyte in which a I|th|um
salt as a solute is dissolved in an organic solvent is used. As the
organi c solvent, for exanple, are provided cyclic esters, chain esters,

cyclic ethers and chain et hers. Mre in detail, exanples of the cyclic
esters include propylene carbonate, butylene carbonate, 7-butyrolactone,
vinyl ene carbonate, 2-nethyl- [err] -butyrolactone, acetyl-

[err]-butyrol actone, and [err]-val erol’actone. Exanples of the chain esters
i hcl ude di eenbaindaghthatactidvrematierdalbiomitbe phditite edacthrodecysed propyl
carbonate, nethyl ethyl carbonate, nethyl butyl carbonate, nethyl
propyl cafisenkhe, Exampye 5 was lprepaxiednincthetipllloprimgymapaebenat e, but yl
propyl carbonate, alkyl ester of propionic acid, dialkyl ester of malonic
acid, and al kyl eFThereofascsted, asi the Bixst timefcdatcng sbilatdbhefor
I ncl ude tetrahydrofuran, alkyl tetrahydrofuran, dialkyl tetrahydrofuran,
al koxy tddheabpdtefiulayer foxlithepogitietraelyaitrdde ain wdighdi pabiape,
al kyl - 1, 3-di oxol ane, and 1, 4-di oxol ane. Exanples of the chain ethers
i nclude 1,88 giartishbyyethghe, oflL2cd0sigowaeat want, andavetlye petbeele
diameter of 20 £m of particles each having diameter of 1 to 100
“m, 4 parts by weight of a graphite powder as the conductive
material, 50 parts by weight of a vanish of poly-vinylidene
fluoride resin as the binder (KF#1100 manufactured by Kureha
Chemical Industry Co, LTD, 12% solid component in -
N-methyl-2-pyrolidone), and S parts by . weight of
N-methyl-2-pyrolidone. The thus prepared mixture was agitated
and mixed for 30 min. by using a planetary mixer (Kodaira
Seisakusho Co. LTb) to thereby obtain a material containing the
active material for the positive electrode in fofm of slurry.
A first time coating process of the thus prepared
active material coating solution for the positive electrode
was performed with a slot die coater by coating the coating
solution on a substrate of a collecting element fbrmed of an
aluminum foil having thickness of 20 Zm and width of 300 mm.
Thereafter, . a drying process was performed by passing the
coated substrate of the collecting element in a drying oven
having length of 8 m (100°C-120"C-130"C-140'C) at a speed of 12
m/min. to thereby form a first coated léyer .containing the

- active material for the positive electrode having a dried layer

thickness of 40 Um on the aluminum foil substrate.

LAPRIF DTS



-27- ethylene glycol dialkyl ether, diethylene glycol dialkyl et her_.'_: e

triethylene glycol dialkyl ether, and tetraethylene glycol dialkyl et her

Lithium sal'ts as the solute formng the nonaqueous - el ectrol yte together: = =

with the organic solvent include inorganic lithiumsalts such as
Lid'gerr], LiBF[err], LUPF[err], LiAsF[err], Lid, and LiBr and organic
lithiumsalts such as LiB(Cerr]Herr])[err], LiN(SOerr]CFerr])[err],
Lic(Sderr]CF[err])[err], Li OSO[err]CF%err], LiOSO[err]Cerr]Flerr],
LiOSO[err]Cferr] Flerr], Li OSO[err]C[‘é T]F[err], LiOSOerr]Cerr]Ferr],

Li OSO[ err] C err] F[ NerE, asecondSOime dod[tdng]#iddrying process Was phemsent

i nvention wll be described hereunder in nore-detail wth reference to the
foll owi ng pexrfomed on the coatefEXapgt efjrmed throughEthepbbote first A
coating solution for the positive electrode containing the active materi al
for the poxjine/ eccdttitig gsifocssesl ih othé hiileerhmahmentexisspt | tieatt abeighvas
prepared in the follow ng nmanner. There was used, as the coating

sol ution f @atiiteofperse hard sl aallr @Eging BpeedGhdérd ahanged? rFHAd iy ¥&i ght

of LiCo(Jerr] powder as the active material with an average particle .
the binder, there was used 17 parts by weight of the vanish of
poly-vinylidene flgoride resin, and the other components were
the same as those in the first time coating solution. The
drying speed was 6 m/min. A coated layer containing the active
material for the positive electrode had a total dried layer
thickness of 80 Km. | : | _ -

In the next step, a coating solution for the negative
electrodé containing the _active material for the negative
electrode used for the Example 5 was prepared in thé following
mannecr.

There was used, as a material for the first time
coating solution for t}'xe negative electrode, ir; weight ratio,
85 parts by weighf of graphite powder as the active material
for the negative electrode and 94 parts by weight of the vanish
of poly-vinyliaene fluoride resin as the binder (KF#1100
manufactured by Kureha Chemical Industry Co. i’..TD, 12% solid
component in N-methyl-2-pyrolidone), and 5 parts by weight of
N-methyl-2-pyrolidone as dispersion medium. The thus prepared
mixture was dispérsed by using a dispersing machine as in the
preparation of the positivel electrode to thereby obtain a

coating solution in a form of slurry.

A f;i.rst time coating process of the above coating



di aneter of 10
[err]m 8 parts.
and 33 parts by
t he bi nder (man
12% solution in
N- net hyl - 2- pyro
varni sh, the so
planetary m xer

[err]mof particles each having dianeter of 1 to 100 L
by weight of a graphite powder as the conductive material.,
wei ght of a varnish of poly-vinylidene fluoride resin as:-

ufactured by Kureha Chem cal Industry Co., LTD, KF#1100,

-28-

| idone). After adding the other. powder materials to the

| ution was agitated and g1xed for 30 mn. by using a
(of Kodaira Sei sakusho™ Co., LTD) to thereby obtain a

coating solgdiudldiebetRedhegativye fitidiR #eS iderforaledCih At hashagi Ng a
P

material for th
- of the coatjijng
di e coater by

e positive electrode. A first time coating process

ok £8P tHS rpdélQ:iRﬁéS el bkershect i e nias ppapheeaedivsth a
coating the thus prepared coating solution on a substrate of

a collecting f%@g?ﬂhggﬂmi?ﬁﬁ was ééé'é“@ci‘ Ly 4 QJolllgﬁVé:&gpéP'f@iﬁ.eﬁéva.H%E

[err]mand
passi ng theg

havi ng Iength

W reafter, drying process was perfor

err]
coater. Thereafter, a drying process was performed by passing

the coated substrate of the collecting element in a drying oven
having length of 8 m (100°C-120"C-130"C-140'C) at a speed of
12m/'min. to thereby form a first coated layer containing the
active material for the negative eléctrode having a dried layer
thickness of 60 #m on the copper foil substrate.

Next, a second time coating and drying process was then
performed on the coated layer formed through the above first
time COa'_ting process in the like manner except that weight
ratio of the vénish and drying speed were changed. That is, as‘
the binder,. there was used 31 parts by weight of the vanish of
pbly-vinylidene fluoride resin, and the other compbnents were
the same as those in the first time coating solution. The
drying speed was 6 m/min. A second coated layer containing the
active material for the negative electrode had a dried layer
total thickness of 120 Zm.

Comparative Example 1

An electrode was prepared by using substanti_ally fhe
same coating solution as that in the Example 1 in substantially
the same coating method and drying condition as those of the
Examp:_l.e 1 exéept that, for the positive electrode, the

thickness of the first coated layer was 40 Um (coated layer

rafdthetd ot ai§ 2 ggﬁ Cé)'d&%céﬂ Y RICTHN by nuélﬁgyg,nglgven



130[ err] C-140[err] Cat a speed of 12 mmin. to thereby forma coat ed iiw

| ayer containing the active material for the positive electrode -
having a dried |ayer thickness of 60 [err]mon the aluminumfoil substra
(coated weight 100g/nferr]). Next, a second time coating process
was then perforned on the coated |ayer formed through the above first tine
coating process in the like manner. Thereafter, a drying process was
performed by passing the substrate_gf§_the collecting elenent in a drying
oven having length of 8 m (80[err]C 100[err]C130[err] C-140[err]C) at a
speed of 6 weight ofb7 igZméharidthai cftbedsemmiddobapdrlaymw wag 20 d¢ned

| ayer thickness of 50[errJmon the first coated layer. As a result, the
coat ed | aydr10 nthuth ngptaail acidatsed tHyeyr akifht oRel§D gy tm®énetetal dde,

havi ng a total thickness -29- of 110 -
[err] m (codcar thel gagativéSalettiede] Jthmthiekneds of the fitsereeated, the
coated | ayer containing the active material for the positive el ectrode was
subj ect ed tiayer @geiFQ Lh (eHiated Laperdkiyhy 6£146 §/MbY dnl €L oF thHe
tenmperature of 80 C to renove the |iquid conponent, thereby preparing
the el ect rsatord dioated laherpwastdyezml €135 aUif i totaibxasekedlisfer

weight of 140 g/m? in total). Thereafter, as in the Examplé 1,
vacuum drying process was performed to thereby obtain the
positive and negative electrode plates.

Comparative Example 2

An electrode was prepared by using substantially the -
same coating solution as that in the Example 1 in éubstantially
the same coating method as that of the Example 1 except that,
for both the positive and negative electrodes, the coated layer
was formed through only one coating process, and the ‘drying
process was performed by passing through the dryiﬁg ofren having
a length of 8 m (80°C-100'C-130"C-140'C) at a coating speed of
6 m/min. The coated layer for the positive electrode had a
thickness of 110 4m (coated layer weight of 183 g/mz)_ and thé
coated layer for the negative electrode had a thickness of 135
Lm (coated layer weight of 139 g/m?). Thereafter, as in the
Example 1, wvacuum drying process was performed to thereby
obtain the positive and negative electrode plates.

Adhesion Evaluation

With respect to the electrode plates prepared through
the above Examples 1-5 and Comparative examples 1-2, the

adhesion performances of the coated and dried layer with

o et &
te



the present invention. In the next step, a coating solution for
the negative electrode containing the active material -for the negative ... ..
el ectrode used for the enbodi nent described above was prepared in the 7T
fol |l owi ng manner. There was used, as a material for the coating
solution for the negative electrode, in weight ratio, 85 parts by weight
of graphite powder, 125 parts by weight of varnish of polyvinylidene
fluoride resin (manufactured by Kurejga Chem cal |ndustry Co., LTD;
KF#1100, 12% solution in _N-nethyl-2-pyrolidone), and 115 parts by
wei ght of TEFRERY| -52pyFRe| a%ﬂ%lﬁ§t%ﬁ’%peq]§’?ﬂ{‘%di"‘i?rﬁe Tl?é’mrPé’tr@rqp alendor
the negative e] ectrode was dispersed by utilizing the sane _dispersing -
nmachi ne and®Y@l¥adbeds apdsehe cﬁ%ltlr@lﬁ}geﬁéﬁ&ﬂ-ﬁ:ﬁnw%?e ebfeained | fipsahdis on
for the positive electrode to thereby obtain a coating solution for the
negative el REFPRER, % FTRSH-wut adbegipp test (100 npmbperst of | grros®H AUtRy
process of the coating solution for the negative el ectrode was perforned
with a di e ed3@ReViBy arobtegvaheof hlsmprigrmed koasans off guitdienmnd
substrate of.

remaining numbers of the sqgare portions are evaluated) was

carried out.
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the collecting element forned of a rolled copper foil

havi ng.

bya.r_-......am ESSTE

thi ckness of 15 .[err]m Thereafter, a drying process was perforned..
passi ng the coated substrate of the col | ecti ng element in a drying oven
having length of 8 m (80[err]C 100[err]C130[err] C140[err]C) at a speed
of 12 mMmmn. to thereby forma coated |ayer containing the active material
for the negative electrode having a dried |ayer thickness of 95 [err]mon
t he copper foil substrate (coated B‘nt 87 g/nferr]). Next, a
second ti ng—coating-process vwas then performed on the coated |ayer for med
through the above figfladfBoRaRid Byelr 0CesS 11! Hdlild k¢ GPAOELcu
Thereafter,} a dryi ng process was effor med by passing the substratg of the
collectinglelenent in a drying oven havi ng | en t'I}esm‘ 8 m (numbers)
(80[ err] G I6b6terrC130terric146ter€ at—a—gpeet—of—6—nft-rm—toit her eby
form a secqnExampled. | ayer Pbaxtﬂgeaabksa:mbdeaye t hi ckneag@oof 70 [erfr]m. As
a result, tlhe coated |ayer udi tiv materi gl,.for the negative
el ectrode, fhaving a total lﬂ?%?ﬁ t¥8 é]"g?g’i’%c? r{] m (coat ggowei ght of] 171 -
g/mMerr]) Was formed. Thereafter, the Tiquid ¢onponent I n the coafled
layer for t|hEx#BRAeiZe el e%??bﬂé"?h%%e‘b?’a%ﬁ ed|was reno@® in
substantiallly the sane nmangegatsveBledBidoOned with regpect to the
positive
Example 3 Positive Electrode 100
Negative Electrode 100
Example 4 Positive Electrode 100
Negativé Electrode 100 )
Example 5 Positive Electrode 100 )
Negative Electrode 100 .
Comparative 1 Positive Electrode | 90
Negative Electrode 70
Comparative 2 Positive Electrode 80
Negative Electrode 0

Result of Surface Elemental Analeis

Fluorine atom amounts in the exposed surface side of

the coated layers and those in the contacting surface side

thereof were measured by using a device (ESCALAB 220i-XL

manufactured by FISONS Instruments and ESCASCOPE by VACUUM

GENERATOR SCIENTIFIC) through the

spectroscopy (X-ray PS).

X-ray photoelectron

In the measurement, Kal, 2 of Al was

used as an X-ray source with. the X-ray output of 15 kv, 35 mA

and the measured region of 1100 £m¢.

The fluorine amounts were calculated with cobalt atom



el ectrode, whereby the electrode plate for the negative electrode of the: ™
Exanple 1 of the present invention was prepared. . .
First time coating process of the coating solution for
-31--the positive electrode was carried out by using the sane coating
solution for the positive electrode and the alum num foil as those used in
the first Exanple 1 and by the sane nmanner as that of the Exanple 1,
thereby formng the first tine coat | ayer containing the active materi al
for the positive electrode and having a dried |ayer thickness of 60 [err]m
(coated weamernbf bedogg/thiecrrdferddnd , £athr thghposttivwanelesitrpar and t hat
carried out in the first tinme coating process, the second tinme coated
| ayer havi repxzboni @tdmyamouit cbedang ofhé0rdferescéorficed thbe megafbivet tine
coated layer. As a result, the coated layer, including an active materi al
for the postléctreodectandca vabwe ngfludmire atdnc lamesstofinl 2heAmxposaided
wei ght of 200 g/ nR2) was forned.

surface/fluorine atom amount in the contacting surface) was

obtained. The following results were obtained.

E_X_ al'Tp| .e 2 .. _,;.,. ——n '_-.l:.-_:.g::: .

Binder Amount Ratio
(b/a)*
Example 1 Positive Electrode 8
Negative Electrode .
Example 2 Positive Electrode
Negative Electrode .
Example 3 Positive Electrode .
Negative Electrode .
Example 4 Positive Electrode
. Negative Electrode .
Example 5 Positive Electrode .
Negative Electrode .
Comparative 1 Positive Electrode .
Negative Electrode 2.1
Comparative 2 Positive Electrode .
Negative Electrode 2.8

*. b: (Fluorine Atom Amount at Exposed-side Boundary Portion)

a: (Fluorine Atom Amount at Contact-side Boundary Portion)




Thereafter, the coated I contme active material for the:
positive eI ectrode was s ﬂjﬂ HWHW eing treatment for 48 hours in a.
vacuum oven at a tenpera Hmrem)ve the. liguid col t, . -_

t her eby preparl ng the electrode Iaie for the pdg g ap the oo
Exanple 2 of the present |nvent|on Inithe L B @ chating
solution for the negative electrode containing t a8

hegative electrode used for the enty8ér ment descri bedﬁhnvp was Dreoar ed

in the foll ow ng manner. ' There was used, as a rraterlal for the
coating solution for the negative electrode, in wei ghtT Ha dhy
wei ght of carbone powder (Car bwHADIISPCIATMEBCES) ed by K "‘

-32- Industry Co., LTD), 83 parts by weignht ot varnish

fluoride resin (manuf actured by Kureha Chem cal Industry - LTD
KF#1100, 12% solution in N methyl-2-pyrolidone), and 152 parts
by weight 1. of N netbyleldditficid @MecSEst P ESEsHIABY b tdPg watrri al

f or

nonaqueous electrolyte comprising a collector and a coated
layer formed on the collector by coating a coating solution
containing at least an active material for a battery and a
binder ori the collector and then drying the same, wherein a
ratio (b/a) of an amount (b) of a binder existing at a boundary
portion of the coated layer on a side opposite to a collector
side boundary portion to an amount (a) of a binder existing at
| a boundary portion of the coated layer contacting the collector

is 0.05 or more and less than 2 .

2, An electrode plate according to claim 1, wherein the
binder is-é. fluorine series resin and the elec{:rode plate is an
electrode plate for a lithium ion secondary battery in which
electrons are jgiven and taken through movement of lithium

ions.

3. An electrbde plate according to claim 1, wherein the
binder is a fluorine series resin and wherein a fluorine atom
amount related to the bindef existing at the boundary portion
of the coated layer contacting the collector and a fluorine
atom amount related to the binder existing at the boundary
portion of the coated layer on the side opposite to the

¢ollector side boundary portion are measured by an X-ray



the negative el ectrode was—di-spersed by utilizing the same dispersi ng"'

machi ne and method as those for the preparation of the coat i ng sI uti.on-.
for the positive el ect rom, ”mu"ﬂéml ﬂt ain a - :
negative el ectrode in fo I u,
process of the coating solution forthe negat i
by coating the thus prepared coating solution @a=e
collecting elenment fornmed of a rol Lgd copper foil having thickness of 15
[err]m Thereafter, a drying process was perfornmed by passing the coated
col | ect i ng PHOHASHEGERNN 1 AREGECQSTNTY ng BV EONp@Siid on emgttioof of man
(80[err]G100[err] G 130[err] G 140[err]C) at a speed of 12 mmn. to
t her eby foleRigstangedanayst efhtatomsg obbkencthan rhiteerflyiorine sftom,
negative el ectrode having a dried |layer thickness of 70 [err]mon the
copper foi lcontiained dn(thalstime gatesial/tihe existence\embuna cfeched ti ne .
coating process was then perforned on the coated |ayer forned through the
above firstfiuoninatonget gacheof the nhasturéd pratiems Thewesafumsd, andryi ng
process was perfornmed by passing the substrate of the collecting el enent
i n a dryi ngithererthenexigtemogt hmoluntsnof the fluorine atoms at both the
(80[err]CG100[err]C-130[err]C-140[err]C at a speed of 6 mimn. to thereby
form a secamebswoadEgorayens are compared with the existence amount of the

atoms other than the fluorine atom contained in the activel
material being a reference, a ratio of an amount of the
fluorine atom amount related to the binder existing at a
boundary portion of the coated layer opposite to the collector
side portion of the coated layer to an amount of the fluorine
atom amount related to the binder existing at a boundary
portion of the coated layer contacting to the collector side is

0.05 or more and less than 2.

4. An electrode plate according to claim 3,' wherein said
electrode plate is a positive electrode plate and the atom as
the reference to compare the existence amounts of the fluofine
atoms at both the boundary portions of the coa‘l;ed layer is an
at.om' selected from a group conéisting of cobalt, nickel,

manganese, vanadium and chromium.

5. An electrode plate according to claim 4, wherein the
binder is a polyvinylidene fluoride and the existence amount

of the fluorine atom to be compared is detected from a peak in

a range of a bonding energy of 685 to 962 ev.
. This Sheet Has Been Replaced




- 33- hawngadrledlale_r,lhi_cknesrs—ef——m[err]m As a result, the- coated
| ayer, including an active nmaterial ﬁ the ne act—L-v-e_erl_e,cI_r_gde__hawnga

total thickness of 140 Jmum l :u j ght of 1 21 d'““”""""
Thereafter, the liquid oated | a

el ectrode thus prepared we's r‘endved in substanti al I m

that nentioned with respect to the positive electr

el ectrode plate for the negative electrode of the Exanple 2 of the pr esent
i nvention was prepared. Exarrfjf*@ ' An el ectrode was
prepared byeéusing shhsénsttably plete SXTRrAARy B8 S i BONwARSENAlsaat he,
Exanple 1 in substantially the sane coating nethod and dry| ng condition as

those of thelebtatidleeplatscesta idtfativi o1BELPOALIDIVSLE LI LBdCatbheagOat ed
| ayer thickness in the first coati'ng process was 60 [err]m (coated [ayer

ht of 1 F Tl S
oo O o et e s chp S SRS e Sa e el

On the ot hemt@ardatf Bothhengessthisrg! S5L£ df'&he ees%gd' e ért g ness
61

in the first coating process was 70 Terr]m (coated |ayer WEIg

g/nferr]) ap@rioml dtdnl %ﬁ!?é‘ﬁ{gh cOR'df%rganic material in the coated

1ayer .

7. . An electrode plate according to claim 6, wherein the

binder ﬁ.s a polyvinylidene fluoride and the existence amount

of the fluorine atom to be compared is detected from a peak in

a range of a bonding energy of 685 to 962 eV.

8. A method §f manufacturing an electrode plate -for a
secondary battery with nonaqueous electrolyte comprisinga
collector and a coated layer formed on the collector by coating
a coating solution containing at least an active material for
a battery and a binder on the collector and then drying the
same, wherein a ratio (b/a) of an amount (b) of a binder
existing at a boundary portion of the coated layer on a side
opposite to a collector side to an amount (a) of é binder
existing at a boundary portion of the coated layer contacting
the collector is 0.05 or more and less than 2, the method
comprising the step of forming a coated layer having a
predetermined thickness by repeating at least two times of
. coating and drying processes for coating the coating solution

for the electrode plate containing on the collector and then



process was 75 [err]m in total, 145 [err]n1(coated |a¥§L_m§LghL_QL__L5Q__

g/nferr]). Thereafter, as |n tne Exanpie—1—vacuum ng process vvas

performed to thereby obt al ﬂ ' negat ‘fg‘e
e & 4 G
was prepared by using substa Llyn ne coat|

the Exanple 1 in substantlally t he same coating nethod as that.of t he
Exanpl e 1 except that the coating paocess was repeated three times. The
drying processes were performed by using the drying oven having a |length

C— 40 O at dryi of
otmin (f 1 Srre g %%&C e %gafﬁ{né%aigfa %‘oefsﬁhﬂfﬁjﬁ%
' ratlo 0 e S ve el e
T chekss oFP ReTeond € o@%eqr:wa%er f ﬁgctpgﬁ t#r (et gtmdérfegrgm
t ird coate | ayer wa
Cont T (acbF %f%%f%f%riri‘?raé‘est%i@aﬁ%m%w 3rronge QErPch T0i -6

of the_negative el ectrode
total). Inttgg par%{uc ness of agcoated layer already formed in

preceding coating and drying processes.

- 9. A method of manufacturing an electrode plate,accqrding

to ciaim 8, wherein the bindér is a poly-vinylidene fluoride.

10. A method of mamifacturing an electrode plate for a
secondary battery with nonaqueous electrolyte comprising a .
collector and a coated iayer formed on the collector by coating
a coating solution at least containing an active material for
a battery and a binder on the collector and then drying the
same, wherein a ratio (b/a) of an amount (.b) of a binder
existing at a boﬁndéry portion of the coated layer on a side
opposite to ‘a collector side to an amouht (a) of a binder
existing at a boundary poxrtion of the coated '1ayer contacting
the collector is 0.05 or more and less than 2, the method
comprising the step | of forming a coated layer having a
predetermined thickness by repeating at least two times of
coating and drying processes for coating the coating solution
for the electrode plate on the collector and then drying the
same, wherein an increased amount in weight per unit area of
the coated layer formed in a second time or more than second

time coating and drying processes is in a range of 0.6 to 1.6



B ——

the thickness of the first coated Iayer was ﬁS gerr]mdt h?t of the 7Second '
coated | ayer was 50 [err] third coate ayer was
[err]m(léS[err]mlntotglwmé|n§|“d§ﬂlm i ght of 160 g/n{err% |n1aotal)
Thereafter, as in the Exarrpl*e acuurh dfying pr erfornmed to
thereby obtain the positive and negative el ectrodf PHBtRsEL ET H n

exanpl e, in which conposi tion ratio of the binder jand tﬂa@paﬁé‘ @E‘ﬁfﬁt rial
in a coating solution is changed in eagh coating each
of the coated layers after the first tine coatlng and drying proces wil |

bed hereunder as Exanple 5. le 5 A coati ng
2& u'? ?zﬁr :c O'Fiitflﬁéafpsswezf.glét Q%pp&a:earea of a coated r{gyer already formed

-35- containing the active naterial for the positive el ectrode used for
the Exanpl elB RERCOAINA CAREING RO SFY RO REORSTRSS - There was

used, as the first tinme coating solution for the coated layer for the
positive el ectrode, in weight ratio, 88 parts by weight of LiCoJerr]

powder with an average particle
11. A method of manufacturing an electrode plate according

to claim 10, wherein the binder is a poly-vinylidene fluoride.

12_. A method of manufacturing an electrode plate for a
secondary battery with nonaqueous electrolyte comprising a
collector and a coated layer formed on the collector by ceating -
a coating solution at least containing an active material for
a battery and a binder on the collector and then drying the
same, wherein a ratio (b/a) of an amount (b) of a binder
existing at a boundary portion of the coated layer on a side
opposite to a eollector side to an amount (a) of a binder
existing at a beundary portion of the coated layer contacting
the collector is 0.0_5 or more and less than 2, the method
comprising the step of forming a coated layer having a
predetermined thickness by repeating at least two times of
ceating and drying processes for coating the ¢oating solution
for the electrode plate on the collector and then drying the
same, wherein, in order to adjust the ratio (b/a) of the binder
amounts at both the boundary portions of the coated layer,
coating solutions having different composition ratios of the
active materials and the binders are used for each set of the
-

cen Replac.ed

N

respective coating and drying processes.



di aneter of 20 [err]mof particles each havi ng dianeter of 1 to 100"

[err]m 4 parts by weight of Hllwmm;luﬁmﬁr as t he—eanduetive —mnter |aI .

50 parts by wei ght of a vani dene Ir RIS SieEEFREAB BEENE fle -
bi nder (KF#1100 manufactured by Kur eha  Cheni cal I_. ustryiEPCm:EDLTD
solid conmponent in N nethyl-2-pyrolidone), and * _
of* N-nethyl - 2-pyrolidone. The thus pre gred m Xt ure was agltat ed and

m xed for 30 mn. by using a planetary m xer (Kodaira Seisakusho Co. LTD)
to thereby obtain a materi al contal ning the active material for the

tne P d
5}9 K L'evt: hust ?regareé*dmeif{@? é’i Rel{dakeuring ap SancRe P%Fqg?h ol acess
EOFEE |r gneon 2 %fﬂ)é? w %ﬂrélgoﬂ‘%gﬁr%eegg?éﬁ%’lyoﬁrggibagg‘tﬁ Coat‘h%'m f 0i |

havi ng t hi ckness of 20 [err]mand width of 300 mnm .Thereafter, a drying
process was performed by passing the coated substrate of the collecting
elenent in a drying oven having length of 8 m :
(100[err]C-120[err]C-130[err]C-140[err]C) at a speed of 12 nmimn. to
‘thereby forma first coated |ayer containing the active material for the
positive el ectrode having a dried |ayer thickness of 40 [err]mon the
~alum num foil substrate.

//II/I///III/////I/I//iITEd
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- 36- Next, a second time coating and dryi nj Tg\rl}gg
performed on the coated |ayer forned through: the jab EEE'%

process in the like nmanner except that weight r

drying speed were changed. That is, as the binder, there was used 17 parts

by wei ght of the vanish of poly-vinylidene fluoride resin,

and the ot her

conponents were the sane as those in the first tinme coating solution. The
drying speed was 6 mMmn. A coated | aygg. containing the active nmateri al

for the positive el ectrode t&%ﬁﬁ&\ghgﬁ#ﬁgﬁ&y& hi ckness of 80 [err]m

In tthe next step, a coating

el ectrode contai ni ng

the active RBEEROBE HLATE tHOR SIGDNOARW BATERRYCWIDIBONMEWHOTOr the Exanple 5 was

prepar ed i netierrboyTE WND METHOD IOFr MANUFACTURING THHEr @AMBAS used,
for the first time coatinq S

ratio, 85 parts byPRheSHRC

the negative el ectrode and 94 parts by wei ght of the vanish

as a materi al

ol ution for_the negative el ectrode, in weight
d5 aBhRte fRfler Heqandars | Pathgryr iwitht or

of

pol y-vi nyl | BERBIPPOYRI fFSTTH YL (FRMFIRRS 2 kFRileotornAntad FRRtES

Kureha Chem cal Industry Co. LTD, 12% solid

3 . I

layer formed on the collector by coating a coating solution at

least containing an electrode active material and a binder on

the collector and then drying the same, wherein a ratio (b/a) -

of an amount (b) of a binder existing at a boundary portion of
the coated layer on a side opposite to a colléctor side to an
amount (a) of a binde_r existing at a boundary portion of the
coated layer contacting the collector is 0.05 or more and less
than 2. The manufacturing method of the eiectrode plate
comprises the step of forniing a coated layer having a
predetermined thickness .by repeating at least two times of
coating and drying proéesses for coating the coating solution,
wherein a thickness of a coated layer formed in a second time
or more than second time coating and drying processes is
increased by an. amount in a range of 0.4 to 1.6 time of a
thickness of a coated layer already formed in preceding coating
and drying processes, or wherein. an increased amount in weight
pef unit area of the coated layer formed in a second time or
more than second time coating and drying processes is in a
range of 0.6 to 1.6 time of a weight per unit area Qf é coated

layer already formed in preceding coating and drying

processes.
This Sheet Has Been Replaced
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component in N-nethyl-2-pyrolidone), and 5 parts by wei ght of

N- net hyl - 2- pyrol i done as di spersion nmedium: - The thus prepared mxture was
di spersed by using a dispersing nachine as in the preparation of the
positive electrode to thereby obtain a coating solution in a form of
slurry. A first time coating process of the above coating

-37- solution for the negative electrode was perforned in the manner |ike
that for the positive electrode. The thiUg prepared first tine coating
solution was coated on a rolled copper foil having a thickness of 15
[err]mand a width of 300 mm by using a die coater. Thereafter, a drying
process was performed by passing the coated substrate of the collecting
el enent in a*drying oven having length of 8 m
(100[err]C120[err]C130[err] C-140[err]C) at a speed of 12mmn. to
thereby forma first coated | ayer NN the active material for the
negative el ectrode having a dried Eggtizﬂlh,ckness of 60 [err]mon the
copper foil substrate. Next, a second time coating and drying
process was then perf?rned on the coated | ayer forned through the above
first - :
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time coating process in the |like
vani sh and -dryi ng speed were cha
used 31 parts by weight of the
and ‘'t he ot her conponents were t
solution. The drying speed was i S
the active magerial for the negative electrode ad a dri g
t hi ckness ot 120 [err]n1 Conprative Exanple 1

manner except that wei ght
e it i s,

as the bi n

ratio of ‘the:
[ _there -was--

PLACEMEND XH
ayler contai ni ng
| aylef FEBOPW

ating soI ution-as

el ectrode was prepared by u sfan
that in the Exanple 1 in sugﬁﬁi"&g‘ b?$
condi tion ag,HchRcHE 9LAtﬂ1$0RE%E@UNmARYlBsmm&aptwnmhamoNAbuEOUShe
el ectrode, tieeTROLVTEKAES KETHOD hE MANUEACTURZNG G'HE aSAME was 40
| ayer
th)altt of the second‘éba?éﬁcf"ﬁ?QP REat® [fFerr 13 serPndpEw:
| ayer wei ght of 1833 rr]é:err in total). For the negative
t hi ckness JIORMEEPVE eLBGt:

46 g/.n{err]._z and that of the

-38- weight of 67 g/
r]P@'F%

ol

ﬁil”é EE garre cd '
t I ng rethed-and dryjng

positive

[err] m (coated
nerr]) and -
e¥¥t Aithoat ed

el ectrode, the

EQLYESy SOMRILSEF [BrF9HiSGERE cBNfaPecomtiaght of

ayer formed on the collector by coating a coating solution at

least containing an electrode active material and a binder on

the collector and then drying the same, wherein a

ratio (b/a)

of an amount (b) of a binder existing at a boundary portion of

the coated layer on a side opposite to a collector side _to an

amount (a) of a binder existing at a boundary portion of the

coated layer contacting the collector is 0.05 or more and less .

than 2.

The manufacturing method of the electrode plate

comprises the step of forming a coated layer havirig a

predetermined thickness by repeating at least two times of

coating and drying proéesses for coating the coating solution,

wherein a thickness of a coated layer -formed in a

increased by an amount in a range of 0.4 to 1.

second time

or more than second time coating and drying processes is

.6 time of a

thickness of a coated layer already formed in preceding coating

and drying processes, or wherein an increased amount in weight

per unit area of the coated layer formed in a second time or

more than second time coating and drying processes is in a

range of 0.6 to 1.6 time of a weight per unit area of a coated

layer already _f'f'q_rr_i'led~

in preceding coating

and drying

processes.
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REPLACED SHEET SG :
second copated |ayer was 85 [err]m (135 [err]min total, coated |ayer
wei ght off LILB: cgjpst'rmﬁ:ipagqcbﬁiiglé.)to pﬁbmegilét er, ba's. I n Lhe Exanple 1, vacuugn
dryi.ng p @eé?%y s :pekd.ofPedotRgdNEN@bY obtain the posilhipy -
el ectrod pr%tﬂg(g?) e Cigrga%r tive| Exanple 2~ W@WS
pr epar ed usi iy’ substantiarly ki €""spme coating sol utifom as. that int
Exanpl e E?lﬁb%’ﬁﬁstérﬁ‘ﬁ‘i% fy- PG he~4doat i ng nethod as fhat @8 JAN1998an
1 except ' -t and negative, efectr¢pdes, the
| ayer nl'y one coating process, andfthe dryi g :

was per f | g t hr ouglktahe 19T ehesty 98 : havi ng La_Lengt ki
(80[err] rlﬂ E’!Hrr] C 170ferTi€—at—a—¢oat i ng speed of .
The coat e i s positive .el ectrode had a thickness of 110:'[,§r'r] m

(coated ‘Fayer weight of 183 g/nferr]) and the caned | ayer for th_e%_ f
negative elggctrode had a thigknesscttddel 3plath Chdd M ( SARS ayRktade kRO
139 g/rr[errl]). Thereafter, as in ettqhe. %xgr?pFe 1, vacuumdrying proces hvvas’:
performed tibraeieoly eledtidlite thRpRNihGi & GoREEoP AGA! h\@aﬁé&‘ﬁf&dformﬂ 6o .
Adhesi on Eval uati on Wth respect to the electrode plates prepared
through t ltheabollestéix daypicestifig5a acahtiingrpslation ecomtaifihgs ad -13ast hey a@ekesi on.”
performances of the coated and dried layer with - R
material for a battery and a binder on the collector and then drying the same, ‘.

wherein the coated layer has a thickness of 80 z m or more, and a ratio (b/a) of ‘
an amount (b) of a binder existing at a boundary portion of the coated layer on |
a side opposite to a collector side boundary portion to an amount (a) of a . . z\ i
binder existing at a boundary portion of the coated layer contacting the N

collector is 0.05 or more and less than 2.

" This Sheet Has Been Relplaced
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2. An electrode pPlate according to claim 1, wherein the

binder is a fluorine series resin and the electrode plate is an
electrode plate for a lithium ion secondary battery in which

electrons are given and taken through movement of lithium

ions.

3. An electrode plafe according to claim 1, wherain the
binder is a fluorine series resin and wherein a fluorine atom
amount related to the binder existing at the boundary portion
of the coated layer contacting the collector and a fluorine
s, atom amount related -to the binder existing at the boundary
portj.on of the coated layer on the side opposite to the

.

collector side boundary p'ortion are measured by an X-ray



s

-39- respect to the collectir ng el errents were corrpa m Nir t
thefollovmng results were m “ﬂl E purpos,, B _E LS‘HIE
adhesi on test (100 nunbers 3 ﬂl\Ml (“““ h with a nterval of 1
formed by neans of cutter and"§rem§| n' ng nunbers of thej sqp8 gANOYgons far e
eval uated) was carried out- ' - 40-

=)

Kind of Coated Layer Resul t _gf. Cross- Cut

Test + (nunbers) Example 1 Positive El ect rodle 100
Negative EPBOfcgdectron spectypscadanple Zomposimion:i ¥@tElecPfoden
100 Negati ve El ectrode 100 Exanpl e 3
Positive Eexdstesce amount ofjggtoms, other than Nheat fleorieet RSO,
100 Exanpl e 4 Posi tive El ectrode 100

Negat i ve Elecitedaded in the actig®@ material to the existence amount of the
£flucrine atom at each of the measured portions is measured, and
when_ the existence amounts cf the fluorine atoms at both the
measured portions are ccmpar_ed with the existence amount of the
atoms other than the fluorine atom contained in the active
material be;ng a reference, a ratio of an amount of the
fluorine atom amount related to the binder existing at a
boundary portion of the coated layer opposite to the collector -
side portion of the coated layer to an amount of the fluorine
atom amount related to the binder exi#ting at a boundary

portion of the coated layer contacting to the collector side is

0.05 or more and less than 2.

4. An electrode plate according to claim 3, wherein said
- electrode plate is a pbsitive electrode plate and the atom as
the reference to compare the existence amounts of the fluorine
atoms at both the boundary portions of the coafed layer is an
atom selected from a group c¢onsisting of ‘cobalt, nickel,

manganese, vanadium and chromium.
5. An electrode plate according te claim 4, wherein the

binder is a polyvinylidene fluoride and the existence amount

of the fluorine atom to be compared is detected from a peak in

.

a range of a bonding energy of 685 to 962 eV.



Exanpl e 5 Positive Electr ) ve
El ectrode 100 m#&if" ”ﬁmgﬂm ve El g(EPLAQEMENT Sm
Negati Ve El ectrode . IHIHZ PGSItlve El ectrod

80 ° Negat i ve El ectrode : 08 JAN 199%&:syl § of
Surface El enmental  Anal ysis - Fl uorine atom am:unts in the expdséd
surface side of the coated layers and jhose in the jcontacting surface¢ side
t her eof- were neasured by using a device ( ESCALAB 22di-XI__manufacture by
FI SONS | nst§unent s m&1ESCASCRPE Uate/ACCLE 1 GENERATORMSE), BieFe 13) sehirdough
the X-ray photoelectron spectroscopy (X-ray PS). In the measurenent, Kal,
2 of Al waelegtxbds plate ri®/ asvegetivet éléederode plane pad uhelzstdm/,as% m
and the neasured region of 1100 [err] The fluorine anmounts. were
cal cul at ed ¥he refer®inceatoncompare the existence amounts of the £lMibrirsount
being the reference for the positive electrode and carbon atom anount

bei ng the ratemeree Yath tthe epaidawy portions of the coated layer is a

carbon atom contained in an organic material in the coated

layer.

7. An electrode plate according to claim 6, wherein the
binder is a polyvinylidene fluoride and the existence amount
of the fluorine atom to be compared is detected from a peak in ~

a range of a bonding energy of 685 to 962 eV.

8. A method of manufacturing an electrode plate for a
secondary battery with nonaqueous electrolyte comprising a collector and a
~ coated layer formed on the collector by coating a coating solution containing at
least an active material for a battery and a binder on the collector and then
drying the same, wherein the coated layer has a thickness of 80 ¢ m or more,
and a ratio (b/a) of an amount (b) of a binder existing ata boundary portion of -
the coated layer on a side opposite to a collector side to an amount (a) of a
binder existing at a boundary portion of the coated layer contacting the
collector is 0.05 or. more and less than 2, the method comprising the step of
forming a coated layer having a predetermined thickness by repeating at least
two times of coating and drying processes for coating the coating solution for
the electrode plate coﬁ.taining on the collector and then drying the same,
wherein a thickness of a coated layer formed in a second time or more than
~ second time coating and drying processes is increased by an amount in a

range of 0.4 to 1.6 time of a thickness of a coated layer already formed in

. This Sheet Has Been Replaced




el ectrode, and a value (fluorine atomanmount in the exposed

surface/tl

tn th tacti f | el
foll.owing re t ai elg © contacting surface) ?xﬁi&ﬁ NT“-S(P[EE
Bi nder Amunﬂmgllﬁmmjﬂ@ Iﬁm 1 (bla)* Ex
1 Posi t1 " * 0.9

0
El ectrode 1.0 Exanple 2-45- Positive El ectlode JAN9%8
Negat i ve El ectrode 1.1 Exanpl e 3 Positi
1.2 _ . Negati ve El ectrode 0.8 Exanpl e 4

Positive El 8&¢%edipg coating and drying processes. Negative El ectrode
1.6 Exanple 5 Positive El ectrode - 1.1

" Negative El ectrode 1.3 Conparative 1 Positive Electrode

I2362i tive EPéctrod é\ m&%ﬂghi dF n@.rgf%a[égf"ring an electr:zﬁ'\%% &%ﬁeargﬁzéi?%g&ég

2. * b: i - i i
(Fruori ne KortAEBt HEBATHE sihasiiR R pf i irsidene By, ¢

10. A method of manufacturing an electrode plate for a

secondary battery with nonaqueous electrolyte comprising a collector and a

coated layer formed on the collector by coating a coating solution containing at
least an active material for a battery and a binder on the collector and then
drying the same, wherein the coated layer has a thickness of 80 « m or more,
and a ratio (b/é.) of an amount (b) of a binder existing at a boundary portion of
the coated layer on a side opposite to a collector side to an amount (a) of a
binder existing at a boundary portion of the coated layer contacting the
collector is 0.05 or more and less than 2, the method comprising the step of
‘forming a coated layer having a predetermined thickness by repeating at least
two times of coating and drying processes for coating the coating solution for
the electrode plate oﬁ the collector and then drying the same, wherein an
increased amount in weight per unit area of the coated layer formed in a
second time or more than second time coating and drying processes is in a
range of 0.6 to 1.6 t:ih:e of a weight per unit area of a coated layer already

formed in preceding' coating and drying processes.

m



Cl ai s 1. An electrode plate for a secondary battery wth

nonaqueous el ectrol yte conprising a coll ector and a coated |avyer fornmed on

the collector by coating a coating solution containipg E]q, Nﬁ’ SHERT ive
matérial for a battery and a binder on the collecto duar-vaxha Fl vy [ 1
sanme, wher ei ' as a thickness of 8 errk m or norg;|a set
of steps of.coating sali on on sgjgd col | ector {apd 0 BalANII3P8ng| t he
sanme is: repea ﬂlll‘ﬁl!g!“jlﬂﬁﬂmnm times to increase hi ckness of A foated
| ayer by | ess in each set of theselsteps; and a ratip _
(b/a) of an amount (b) of a binder existing at a bo |

coated | ayer on a side opposite to a collector side boundary portion to an
anount (a) of a binder existing at a boundary portion of the coated |ayer
contacting the collector is 0.05 or nore and | ess than 2. 2. An

el ectrode plate according to claim1, wherein the binder is a fluorine
series resin and the electrode plate is an electrode plate for a lithium

i on secondak¥- battér@eﬂp%-cﬁ‘anéﬂf@@ttﬂé‘ﬁ@gaa@ ediegsmodadpl akerecdoodiyg
movenent of |ithium _ions. An el ectrode plate according to claim
1, wherein ¥h&ELaEMYRy W@@#Plﬁh@ pdnderxi £8 ar pely-whoy hhdenentIudtide i ne
atom anount related to the binder existing at the boundary portion of the
coated | ayer contacting the collector and a fluorine atom anount related
to the binder existing at the boundary portion of the coated |ayer on the

side oppgg.te to the col heghdthod f MaHfREYriAS" Ah OfletddeEPHteCfhrby an
X-ray

secondary battery with nonaqueous electrolyte comprising a collector and a
coated layer formed on the collector by coating a coating solution containing at
| least an active material for a battery and a binder on the collector and then
drying tHe same, wherein the coated layer has a thickness of 80 « m or more,
and a ratio (b/a) of an amount (b) of a binder existing at a boundary portion of
the coated layer on a side oppoéite to a collector side to an amount (a) of a
binder existing at a boundary portion of the coated layer contacting the
collector is 0.05 or more and less than 2, the method comprising the step of

forming a coated layer having a predetermined thickness by repeating at least
two times of coating and drying processes for coating the coating solution for

1 the electrode plate on the collector and then drying the .same, wherein, in
order to adjust the ratio (b/a) of the binder amounts at both the boundary
portions of the coated layer, coating solutions having a concentraticn of the
binder lower than that used in the preceding coating and drying processes are
used for each set of the respective coating and drying processes.

13. A method of manufacturing an electrode plate according”

to claim 12, wherein the binder is a poly-vinylidene fluofide.

//
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43 phot oel ectron spectroscopy, a conposition rati of —_an_ - existence
anount of atons, other than the fluorine atom contai ng =
mat er i al to the existence anpunt of the fluorine atom EEEI%EE@EWSPEET
nmeasur ed portions is neasured, and when the existence &npunts of the
fluorine atons at both the rreasured rtions are conpafef W 8 AN:1998
exi stence anount of the atons other than the fluorine gt contained iln
the active material being a reference, a ratio of an apount of the

fluorine atomanount related_to_the binder exi stiﬁg at betHeay—por-tiadn

Eportio

of the coated |ayer oppositRBESRAGT @B THE PISCLOE n of the coated

layer to angeRiéde elateeof |steousiky sierranentyonab@dord to the binder
exi sting atg@kchastiear p RetHopO0F afanUhecTURBtEAHE BWME contacting to the
collector side is 0.05 or nore and | ess than 2. 4. An el ectrode
pl ate according to?8t aPheSETGAer @} 8 dorel2cEREABABFAL PRI PoFithve
el ectrode plate and the atomas the reference to conpare the existence
amount s of NOR2qYeRNS nelegtsrdyie IsomPrniseshouriileding i and af coe&edoat ed
| ayer is an -

yer layer formed on the collector by coating a coating solution at

least containing an electrode active material and a binder on
the collector and then drying the same, wherein a ratio (b/a)
of an amount (b_) of a bindér existing at a boundary portion of
the coated layer on a side. opposite to a collector side to an
amount (a) of a binder existing at a boundary portion of the
coate;i layer contacting the collector is 0.05 or more and less
than 2. The mangfacturing method of the electrode plate'
comprises the step of forming a coated layer having a
predetermined thickness by repeating at least two times of
coating and drying pr’déesses for coating the coating solution,
wherein a thickness of a coated layer formed in a second time
or more than second ‘Eime coating and drying processes is
increased by an amount in a range of 0.4 to 1.6 time of a
thickness of a coated layér already formed in preceding coating
and drying procésses, or wher_ein an increased amount in weight
per unit'area_of the coated layér formed in a second time or
more than second time coating and drying processes is in a
range of O 6 to 1.6 time of a weight per un;Ll. area of a coated

layer already formed in preceding -coaulng and drying
processes.

Figure 1 ' : . - A



at om sel ect edmsti ng of cobalt__nickel, nanganese,

vanadi um and cf”u ! An el ectrode p) at RERIZONUING: OnEF@ mégg
wherein the mnm,wmg yl i dene4z| uori def andesHe: £Xi.stence amy

of the fluorine atémto red i's detected Mgﬁgeak Rl

a bondi ng energy of 685 to 962 ev. O Drawin:

Ty fr ™
6. An el ectrode plate according to claim3,} whep eﬂupsé "é"(":t”jr g%;d
plate is adiggaki vé el ectrode plate and the ato as e “r ef Eretice” tio PABSE oo
conpare the existence anounts of the fluorine bot.h the b g}g‘?/
portions of the coated layer is a carbon atom At ifn an- S"rq ------
material in the coated |[ayer. 7. An el ectrode pI ate according to

claim6, wherei At heeldsitmdde | platpol Fornyki desueohtiaﬁyl dbabbeék-s hew:Emi stence
anount  of [ b ar ed |s ected frgqma peak in a
'bongtlg&% @iegkggi%tg% ?. m@%s ?Eector an8 oated

range of a ng energy o
layer formed on the collector by coating a coating solution

containing at least an active material for a battery and a
binder on the collector and then drying the same, wherein the
coated layer has a thickness of 80 p m or more; a set of steps
of coating said solution on said collector and then drying the
same is repeated by at least two times to increase a thickness
of a coated layer by less than 100 p m in each set of these
steps; and a ratio (b/a) of an amount (b} of a binder existing
at a boundary portion of the coated layer on a side opposite
to a collector side boundary portion to an amount (a) of a
binder existing at a boundary portion of the coated layer

contacting the collector is 0.05 or more and less than 2.

2. An electrode plate according to claim 1, wherein the
bindex is a fluorine series resin and the electrode plate is an
electrode plate for a lithium ion secondary battery in which

electrons are given and taken through movement of lithium

ions.

3. An electrode plate according to claim 1, whersin the
binder is a fluorine .se:ies resin and wherein a fluorine atom
amount related to the binder existing at the boundary portion
of the coated layer contacting the collector and a fluorine

., atom amount related to the binder existing at the boundary
portion of the coated laver on the side opposite to the

.
collector side boundary portion are measured by an X-ray



8., A method of manufacturing an el ectrode pl ate Wseceﬁda%bau ery
wi th nonaqueous el ectrol yte conprising a collector oated | ayer |
formed on the collector by coating a coating sol ut| ﬁmﬂﬂ 'I east
an active material for a battery and a3binder on th hen

drying the sane, wherein the coated |ayer has a thi ckness of 80 [err] mor
nore and a ratio (b/a) of an anobunt.(b) of a binder existing at a boundary
porti anof the coated | ayer on a side opposite to a collector side boundary

portion tgn@to@m&rd@) SHedrbbBE88hy £Xi 81 | dihs i IRAUNAPE ¥ POrd £ orardf the
coated | ayer contacting the collector is 0.05 or nore and | ess than 2: said

met hod cogMiisdditd Nem&tRR &£ f aE8k8Y Achea! athamYehe NFLRE idedr £elak 7 M ned
t hi ckness by repeating at lLeast two tinmes of a set of steps of coating the

coating sQUdidNhddin! e S FO A A0S € thg%fﬂéééﬁégraﬁélﬂxé bgnexls vi ng

the sane in a manner such that a thickness of a coated |layer is increased

by Tess than,gihd gibh #tidbSRGE 8L MladiarCpdtensns NP hRaRERS NERE2ST NG

45 in the thickness |n each set of these steps after the second ti rre

coati ng anﬂ%&gww e% yer a%lrr: ”:g’f'gtcf-* "erfd 208219 %\.émtsoa Botheng

t hi ckness coat ed' ‘ornedin preceding coat | ng anla dry| ng

processes e V%erel ot.-'%ef%ié"gd Oéorﬂgéi-',i_c?%%' %g:.%'—%%&'e Qﬁoﬁk@t&‘ 8&8‘”0" ng

to claim 'S a poly-viny ["uor
met hod of a&%#é*-”%n@ﬂ eé*z%CtéﬂE@: ﬂ-hataeccfnprc J:S“ aiéé DALt gEy; YLt h
nonaqueous electrolyte conprising a ector a coated layer ormed on

the colleci9fePya1 being a reference, a ratio of an amount of the
fluorine atom amount related to the binder existing at a
boundary portion of the coated layer opposite to the collector ~
side portion of the coated layer to an amount of the fluorine
atom amount relatad to the binder existing at a boundary

portion of the coated layexr contacting ta the collector side is

0.05 or more and less than 2.

4'. An electrode plate according to claim 3, wherein said

- electrode plate is a positive electrode plate and the atom as

the reference to compare the existance amounts aof the fluorine
atoms at both the boundary portions of the coated layer is an
atom selected from 2 group consisting of cobalt, nickel,

manganese, vanadium and chromium.

S. An electrode plate according to claim 4, wherein the
binder is a polyvinvliidene fluoride and the existenca amount

of the fluorine atom to be compared is detected f£rom a peak in

a range aof a bonding energy of 683 to 962 eV.



coating a coating solution containing at |east an active material for a
battery and a binder on the col.l ector and-then drying the sanme, wherein the
coated | ayer has a thickness of 80 [err] mor nore f an
amount (b) of a binder existing at- a bsundary portllm m‘"tlmﬁﬂﬂm) | ayer
on a side opposite to a cqllector side boundary portt orft¢ am afount (a) of
a'binder existing at a boundary portion of the coated | ayer contacti ng the
collector is 0.Q3 or nore and less than 2, said nethod conprising the step

of fofmng a coat g &ueebayl QaRePEEUSL LI RROcL Bl A kAESmdre IeRaal NG at

|l east two fimes of a sef o ps of coating the coating solution for” the

el ectrode pahe bﬁgtﬁogkegtﬂégéngor "SR ot BeeSaRE tHe BvERY SuUCh

that a thrckness o a coated la IS 1 ncreased by |less than 100
[err] mi n each .set D%enaMagt b20ché RidHinger
unit area < Fﬁgefsnf%ed£$ayer itt'%rrsrce % gg%ﬂéget o) ese steps after the

second ti coatln d_dr @n Nefa L2802 04~ o016
time of a%“bsnt o% %cgaé/gqig‘ yef'pg ead%n%ng" hlénc%?e%gd‘?ar'tgécgiéfléng and
drying ste - r| ng pI ate
accor di ng ‘Paﬁpctﬂ' a?h?ﬂo?oaﬁﬁf‘&eﬁﬁtlh Wi g°d1:o ar]@g;”g{apo S nﬁl féng&ﬁ uor i d

12. A nethod of manufacturing an electrode plate for a secondary battery
W th nonagﬁtﬁ"b?l"é‘ el ectrolyte conprising a collector and a coated | ayer
formed on the collector by coating a coating solution containing at |east
an active material for a battery and a binder on the collector and then
drying the_sane, rein t | qu.e S 0he8Q:p Bhar nore
and a ratib- (b/ a)\l\lf(5l1rl 'ﬁ‘e m)un %bl)%dcef gL %ragﬁgace%({ys%%%ét aeﬁoundary

0| oe AR B AT Ay

) |ng undary portion of the
coated | ayer 'gggtfaf&olggn Octf(ljltlce%t Oc:o:'nparec?a:.so['Ie%gc%eﬁngrbﬁsé 54@1 1.%. said

a range of a bonding energy of 6835 to 962 eV. .

8. A mwethod of manufacturing an electrode plate for a
seconddry battery with nonaqueous electrolyte comprisgsing a
collector and a coated layer formed on the collector by
coating a coating solution containing at least an active!
material for a battery and a binder on the collector and then
drying the same, wherein the coated layer has a thickness of
k 80 p m or more and a ratio (b/a) of an amount (b) of a binder
existing at a boundary portionof the coated layer on a side .
opposite to a collector side boundary portion to an amount (a)
of a binder existing at a boundary portion of the coated layer
contacting the collector is 0.05 or more and less than 2, said
method comprising the step of forming a coated layer having a
predetermined thickness by repeating at least two times of a
set of steps of coating the coating solution for the electrode
plate on the collector and then drying the same in a manner
such that a thickness of a coated layer is increased by less

Sthan 100 4 m in each set of these steps, wherein an increasing.
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9. A method of manufacturing an electrode plate according’i _

to claim 8, wherein the binder is a poly-vinylidene fluo::ide."g_

10. A method of manufacturing an electrode plate for a

secondary battery with nonaqueous electrolyte comprising a

collector and a coated layer formed on the collector by

coating a ceoating solution containing at least an active

material for a battery and a binder on the collector and then

drying the same, wherein the coated layer has a thickness of

80 p m or more and ratio (b/a) of an amount (b) of a binder

existing at a boundary portion of the coated layer on a side

opposite to a collector side boundary portion to an amount (a)

of a binder exiéting at a boundary portion of the coated layer

contacting the collector is 0.05 or more and less than 2, said

mnethod cowprising the step of forming a coated layer having a

predetermined thickness by repeating at least two times of a

set of steps of coating the coating solution for the electrode

plate on the collector and then drying the same in a wmanner

such that a thickness of a coated layer formed is increased by

less than 100 p m in each set of these steps,

wherein an

increasing in weight per unit area of the coated layer formed

in each set of these steps after the second time coating and

drying steps is an amount in a range of 0.6 to 1.6 time of a

weight of a coated layer already formed in preceding coating

and drying steps.
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11. & method of manufacturing an electrode plate according

to claim 10, wherein the binder is a polyv-vinylidene fluoride.

12. A wmethod of manufacturing an electrode plate for a
secondary battery with nonaqueous electrolyte comprising a
collector and a coated layer formed on the collector 'by
coating a coating solution containing at least an active
material for a battery and a binder on the collector and then
drying the same, wherein the coated layer has a thickness of
80 u m or more and a ratio (b/a) of an amount (b) of a binder
existing at a boundary portion of the coated layer on a side
opposite to a collectoi'_side boundary portion to an amount (a)
of a binder existing at a boundary portion of the coated layer
conta.cting the collector is 0.05 or more and less than 2, said
method comprising the step of forming a coated layer having a
predetermined thickness by repeating at least two times of a
set of steps of coating the coating solution for the electrode
plate on the collector and then drying the same in a manner
such that a thickness of a coated layer formed is increased by
less than 100 p m in each set of these steps, wherein, in
order to adjust the ratio (b/a) of the binder amounts at both
the boundary portions of the coated layer, coating solutions
having a concentration of the binder lower than that used in
the preceding coating and drying steps are used for each set

of the respective coating and drying steps.

13. A method of manufacturing an ¢lectrode plate according’
to claim 12, wherein the binder is a pdly-vinylidene fluoride.

Y



