TI-TLE OF THE | NVENTI ON Novel battery and nethod for producing the sane

BACKCGROUND OF THE | NVENTION Field of the Invention .5

The present

invention relates to a novel battery and a method for producing the sane.

More particu
conprising a

a negative el ectrode conprising 10 an anode active material |ayer,

a porous separator disposed between the positlve el ectrode and the nega-
tive el ectrode, wherein the positive electnoq

the separator are disposed in a casing c&ﬂﬂﬂﬁ%ing an electrolyte, and

wherein the
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15 porous separator conprises at |east one |ayer of an aggregate form

of particles of at le
aggregate form of par
whi ch function as por

ast one insulating substance, the | ayer of the .
ticles having a three-di nensional network -of voids
es in the porous separator and which are 20
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2-ficing safety, but -also in that the anbunt of active materials which can
be accommopdated in the battery per unit volune thereof is |arge, as
conpared to the amobunts in the case of conventional batteries. 5 Prior Art
I'n recent years, various dermands have been nmade on el ectrical_appliances,
wherein the eM¥¥BIY applianc- es shoul d be reduced in siz 9634t |
wherein they 10 shoul d have nultifuncti ﬁgal ity and wherein they should
be codel ess (portable). For neeting these demands, devel opnent of high
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fied into a primary battery which is not rechargeable 15 and a
secondary battery which is rechargeable so that it can be repeatedly used.
Exanpl es of prinmary batter- ies include a nanganese di oxi de battery and an
al kal i ne manganese di oxide dry cell. Wth respect to these primary
batteries, vagj icqpr ovenent s have been nade, 20 and wowe/JIpIcoaedy
a&hgzgg?ﬁpa wide variety of fields. On the other hand, exanples
of secondary batteries include a | ead storagel battery, a nickel- cadniu

battery and a nickel -hydrogen battery, Recent- |y _a _commercial_ deman
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3 aqueous electrolytic liquid has been increasing, since the lithiumion
secondary battery can exhibit high voltage and high capacity even in a
conpact and light weight form 5 The performance of the _
above-nentioned batteries can be inproved, for exanple, by increasing the
atipunt of active n¥P&PE®Y and/or the anount of electrolyte, whicRCEARIE4
a&comodated in a battery per unit- volune of the Rattery, or by inproving

the ion conductive 10 property between the positive el ectrode and the
nega- tive el ectrode.@Pﬁrbiﬁtga&I%%i n the case of a battery using a
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non- aqueous el ectrolytic liquid (such a battery is hereinafter, frequently,
referred to sinply as a "non- 15 aqueous battery"), such as the
above-nmentioned lithiumion secondary battery, 'since the non-aqueous |iquid
used in such a battery has a poor ion conductive prop- erty as conpared to
an aqueous elwootpdngsic liquid, it is desired to inprove thePCTIPIOHMICE | Ve
property bet- 20 ween the positive electrode and the negative

el ectrode. For this purpose, generally, suchBa battery is designed to have
a construction in which a pluraljt f_unit cell’s (each conprising a
positive el ectrode, %.hébatﬁ@@ﬁééééﬁgéﬁe and a separator) are | am nated, or

a con- 25 struction in which a unit cell is spirally wound into a
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4 spirally wound structure, so as to increase the effec- tive area of

el ectrodes, at which the positive elec- trode and the negative el ectrode
face each other. However, a satisfactory inprovement in the ion conduc- 5
tive property has not yet been achieved. As an exanple of the nost

8if ective met hodsWORBMRI evi ng an i nprovenment in the ion conduc®CFarI6/2414
proper- ty, there can be mentioned a nethod in W:%Ch a separa- tor having a
smal | thickness and an excellent ion 10 perneabjlity is used. As a
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generally, use is made of a m croporous filmpade of a polyolefin resin,
such as pol yethyl ene or pol ypropy- |ene. For exanple, as described in
Unexam ned Japanese 15 Pat ent Lai d- Open Specification No. 3-105851,

t he above- mentioned nicroporous filmcan be produced by a method in which
a nolten m Xt Woeowmamed' i Sing a polyolefin resin conposition i PCIAP6/02414
extrusi on-npol ded into a sheet, substanc- es other than the polyolefin resin
are renmoved fromthe 20 sheet by extractﬁon, and the resultant sheet

is sub- jected to_stretching. The _above-.nenti C Ln.fid at or,
n%%toMmaﬁ%%%%?%?%%wc#ﬂ%%%ﬁﬁﬁ@ﬁ%%%hﬁ%em
t he separator can be avoided during the 25 production of a battery.
Due to such a regBived ne-
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5 chanical strength, it is difficult to reduce the thick- ness of the
separator to |less than a certain thickness. Therefore, in the case of the
above-nmenti oned non- aqueous battery (such as a lithiumion secondary bat-
5  ° tery) having a construction in which a plurality of unit cells are
kafi nated, or a cBﬁ%%ME@Fion in which a unit cell is spirally wolRd/PAR4L4
spirally wound structure, the amount of the unit gell whi ch can be
accomodated in the battery per unit vol une thereof 10 i nevitably
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respect of reduction of the thickness of the separator. Further, even when
it is attenpted to inprove the ion conductive property between the positive
el ectrode and the negative el ectrode by increasing the porosity of 15
the conventional resin filmseparator, satisfactory results cannot be

obt ai ned (see @apadad i ve Exanple 1 of the present specificatponipobbdiags
reason for this has not yet been elucidated). The above-nentioned separa-
tor made of a resin filmis also disadvantagdoBs in 20 that the resin

filmseparator hag, poqr _d ility. Therefore, wh N _such a separator is
used in a seconda%%ogf t@%%btlhél g@fﬁﬂa%?‘-ﬁ%ﬁi@ %1%1’ ated during the
repetition of the charge/di scharge operations, so that the cycle

char acteri.st ics of the battery. beconme poor :
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25 . (see Conparative Exanple 3 of the present specifica- 6 tion).

. Further, in a battery using a conventional separator, use must be made. of a
| arge anount of the separator which is produced by the above-nentioned
cunber sone, costly nethod, so that the ratio of-the 5 cost f #}(2/02414
g@éparator to the (WPAT®ELt for the bat- tery becomes relatively ﬁ{:ﬂ .
Fhérefore, especially in the case of the above- mgnki oned non- agqueous
battery, such as the lithiumion secondary battery, in which the
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10 of separator is needed due to the above-nenti oned uni que
construction of such a battery and the cost for the separator becones

di sadvant ageously hi gh, thereby rendering high the production cost for the
battery. SUMVARY OF THE I NVENTION 15 The present inventors have

made extensi vewawsrlosrs® ensi ve studies with a view toward devel a@ii¥ss414
battery which is free fromthe above- nentloned probl enms and whi ch not onIy

has hi gh performance and high safe- ty, but 3 %0 can be produced at | ow
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ficing safety, -but also in that a | arge anount of 25 active materials
can be accommpdated in the battery per 7 unit volune thereof, as
conpared to the amounts in the case of conventional batteries. Such a
specific bat- tery conprises a positive electrode conprising a cathode
aétive material |WPIPOBM3negative el ectrode 5 conpri si ng an P&RE%/02414
“htive material |ayer, and a porous separator di gpgsed between the positive
el ectrode and the negative el ectrode, wherein the pasitive el ectrode, the
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in a casing containing an electrolyte, and wherein the 10 por ous
separator conprises at |east one |ayer of an aggregate formof particles of
at | east one insulating substance, the |layer of the aggregate form of
particles having a three-di nensional network of voids which function as

pores in the pq&g#mmggparator and which are 15 capabl e obcpassiopg4i ons
t heret hrough. The present invention has been conpleted based on the above
novel findings. Accordlngly it is aprimrylo Ject of the present
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also in that a |large ampunt of active materials can be accommpdated in the
battery per unit volunme thereof, as 25 conpared to the anobunts in the
case of conventional 8 batteries. It is another object of the present

i nvention to provide an advantageous nmethod for producing th e -
ment i oned hi gWQ¥Y8H#Sance battery. 5 The foregoi né’@ﬁ%‘g’%«lﬂ‘r
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nection wth the acconpanying draw ngs and the appended clains. 10 Bri ef
Description of the Drawings In the drawings: Fig. 1(A) is a diagramatic
cross-sectional view showing the structure of a unit cell of a conventional
15 battery in which a conventional separator is used. Fi 8 12’EB)éI‘i s a

di agr ammat i c woones7eect i onal vi ew showing the structure of & % of-
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according to one enbodi nent of the present invention. Fig. 3 is

di agranmmati ¢ cross-sectional view show ing the structure of a unit cell of
a battery according 25 t o anot her enbodi nent of the present invention.
+Eig’ 4 is a diagrammtic cross-sectional view showi ng the structure of a

cell
=hgent i on.

5

of a batW@P§08I620r di ng to-still another enbodi ment of tRETIFRORHE

Fig. 5is a diagrammatic crpogs-sectional view

showi ng the structure of a unit cell of a battery
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A

according to still another enbodi ment of the present invention. Fig. 6 is a
di agrammatic cross-sectional view 10 showi ng the structure of a unit
cell of a battery according to still another enbodi nent of the present
invention. Figs. 7(a) to 7(c) are diagranmatic cross- sectional views
showi ng t he r expemishése structures of 15 unit cells enpl REPPP§HO2414
Exanples 1 to 7, respectively. In Figs. 1(A, L0 7(c), like parts and
portions are designated by |ike nunerals. D@s ription of the Reference
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1lla :-Current collector foil for positive electrode 11b : Cathode active
material layer 12 : Negative el ectrode 25 " 12a : Current collector foil
for negative el ectrode 10 12b : Anode active nmaterial |ayer 13 :
Conventional separator 13A : Separator used in the present inventlicgl?‘?,%@‘fﬁ
wgadirectly forne®OYM3MR i mobilized form on the 5 SUrtace of
‘¢at hode active material layer. 13B  Separator qjuged in the present

I Aivention, which is :
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Pon

directly fornmed, in an imobilized form on the surface of an anode active
material |ayer. 13C : Separator used in the present invention, which is 10
directly formed, in an immobilized form on each of the surface of a

“cathode active material |ayer and the surface of an anode active materi al

| ayer. DETAI Lygbolgs¥edxl PTI ON OF THE PRESENT | NVENTI ON 15 PCT/IP96/02414
Essentially, according to the present invenéé , there is provided a
battery conprising: a casing, an electrolyte contained in the casing, a

positive el ectro%{e f%! Si ng p gat hode @cf iver gb N a @Hf%iﬁl | ayer, a

negative.el ectrodé conpri’si ng an anode active .
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naterial |ayer, and a porous separator di sposed between the positive
el ectrode and the negative el ectrode, wherein two 25 opposite
surfaces of the porous separator face the cat hode active material |ayer

and the anode,ﬁ@%h%QT terial layer, respectively, the positive el ectrode,
the negative electr and the separator being di sposed i n t h&THEPe414

operatively 5 with the electrolyte, the pgrous separator conprising at
| east one | ayer of an aggregate formof particles of at |east one
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I nsul ati ng substance, wherein the at | east one |ayer of the aggregate-form
of particles has a three-dinensional 10 - network of voids which

function as pores in the porous separator and which are capabl e of passing
ions there- through. For an ‘easy understanding of the present inven- tion,

t he essenti al Wweewosress and various.preferred 15 - enbodi mraTAIP/024 e
present invention are enunerated bel ow 1. A battery conprising: a
casing, an electrolyte contained in the casiﬁb? 20 a positive

electrode comprising a gaghpde Jell P TR P2 Ll y p g e o B
BRERD, LEOLS RAREBOREERETRET 5 S
LRTES,

KRB TAVIEAL—FOMEFBERBERES LA
B, AAEEZCSELCRATAUTOSE TRETS S
LR TCED, EBHEE1 1l a L EBEWEREL 1 b 2%
FYVAROKFETHRLTEEL 12/, EEEHREL 1
bOREEBEENERFREABEBRT 5 Lo
BENXL—F13ABBILBTED, REMHICIE. BRE
HREFCEREEHEE L I b EEEH—CBEo O b —
AFUACERECRY , MBREDERFLAL VY — 20
BAMLEARBECHRE LD LSRR EEEHEM 1 1
PEEEHEOES TH— KB A LS. NBLTHRESL
KBSCTRETAZLIELY . BBEURETRAKE2

 EEEMRLCERTAIELCEUESL-F13AERS
ﬁtﬁf%éﬁi%oﬁﬁ%%ﬁm%ﬁ%@%é;mwaﬁ
BREEEREVEL T L EBET, "IV Y —2BEML. B
ERBEECHMBT ISR EYBRTIHOTHRERICHE
Eénf,wi&:ﬁﬁm?w\I?V2#U=-W%/;
FrZ—FN (2—=bFY=F)—L) | 1 —AFN—2
—¥u Y Fr (NMP) . N, N-UAFAKALAT I K
(DMF) . YAFAIAEFT K (DMSO) . FFJ ¢t

Fe75y (THF) RUKSEAVEIERTES, R,



a negative el ectrode conprising a anode active material |ayer, a porous
separ ator di sposed between the positive 25 el ectrode and the negative
el ectrode, wherein two 12 opposite surfaces of the porous separator face
the cathode active material layer and the anode active material |ayer
Lgspectively, the WOMBHE el ectrode, the négative el ectrode and FCTIPO6ARH4
g¥par at or bei ng di sposed in the casing, operativeé%vm'th the el ectrol yte,
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t he porous separator conprising at |east one |ayer of an aggregate form of
particles of at |east one insulating substance, wherein the at | east one
| ayer of 10 the aggregate formof particles has a three-dinensional
networ k of voids which function as pores in the porous separator and which
are capabl e of wrpgsighgs | ons there- through. 2. The battery geadpbedid 0 .

item 1 above, wherein the 15 porous separator further conprises a
bi nder which is mxed with the particles to tBeteby bind the particles
t oget her. 3. The battery according to item 1l or-2 above, wher- ein the

porous separator (R RiESERDEr B, W idh BT < 7 5 anbbls Tz B .ol XdF \at
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.

selected fromthe group consisting of the cathode active material |ayer and

the anode active material |ayer. 4. The battery according to any one of
items 1 to 3 25 above, wherein the porous separator has a porosity of
13 10 % or nore a asured in the dry state of the porous sepalBéthe14®: .
The battery B\etos to any one of itens 1 to 4 above, wherein the porous
separator has an ion conduc- 5 tive progpgrty ascribed to a factor
ot her than the voids _ -
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of the aggregate formof particles. 6. The battery according to any one
of itenms 1 to 5 above, wherein the insulating substance is an inorganic
substance. 10 7.. The battery according to any one of itens 1 to 5
above, wherein the insulating substance i.s an organi c substance. 8. The
battery accor §igwosfssany one of items 1 to 7 above, wherein PEEIBRYIREHat e -
formof particles corrprls- 15 es partig# s of at least two different

i nsul ati ng substances. 9. The battery acc ‘ng to any one of items 1 to
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gregate fornms of particles. 10. The battery according to any one of
1 to 9 above, wherein the separator conprises a first separa- tor
conprising at |east one l'ayer of an aggregate formof particles-of at
one inorganic insulating 25 subst ance and a second segar at or
conpri si ng AWO97/0883 | east one | ayer of an aggregate form of PEEAFPI6244
| east one organic insulating substance, the f}rst separator | ayer
directly forned, in an imo- bilized form %n one active materi al
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5 fromthe cathode active material |ayer and the anode active materi al
| ayer, the second separator |ayer being directly forned, in an immobilized
form _ on the other active material |ayer renaining between the cathode
active material |ayer and the anode active material 10 | ayer. 11. The
battery accorq,brbgmgﬂ:,,any one of itens 1 to 10 above, wher ei npthapro6/o2414

el ectrolyte i s a non-aqueous elec- trolyte. 12. The battery according to
item 11 above, wherein 15 . the non-aquegug el ectrolyte contains |ithium
ions. 13. The battery according t6 item 11 or 12 above, wherein the cathode
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14. A method for producing a battery, conprising: 20 (1)
i ndividual ly providing a positive electrode conprising a cathode active
mat eri al | ayer and a nega- tive electrode conprising an anode active
mat.erial |ayer; ﬁggoatlng a dispersion of a m xture of parti- 25
765 of at |east o ?%ati ng substance and a bi nder 15 for tH{gIPo62414
a¥ticles in a dispersion nmediumon at |east one %gbtve material | ayer
Lve material |ayer and
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sel-ected fromthe group consisting of the cathode
t he
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anode active material l|ayer; 5 (3) renoving, by evaporation, the
di spersion nedium of the dispersion coated on the at |east one active
material |layer to forma layer of an aggregate formof the particles,
wherein the particles are bound. together by neans of the binder, thereby

provi di ng a 1o 9708730 ous separator fornmed directly, in an iRETIBP6231d
form on the at | east one active material |ayer, wher- ein the |layer of an

aggregate formof particles has a three di ner&iOonal network of voids; and
(4) disposing the positive electrode and the 15 ° negative electrode at
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al layer and the anode active material |ayer are ar- ranged, operatively
with an el ectrolyte contained in 20 the casing, in a positional

rel ati onship opposite to each other through the porous separator fornmed on
the -at | east one active material layer. In the battery of the pﬁg@ 02414
iEnvention, the Y¥R8UI&eparator used therein, which conprises ah

Fggregate formof particles of at |east one inﬁyhating 16 substance, has
a unique pore structure forned by a three-di neffsiconal network of voids
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gregate formof the particles, so that the separator allows the ions to be
transmtted through the electro- 5 | yte contained in the pores of the
separator, while preventing occurrence of short-circuiting between the

cat hode active material |ayer and the anode active nmaterial |ayer. The
separ at or usedyd §749963 Present invention has high ion perneabi»Clyprosnza14
conpared to the 10 conventional polyolefin resin filmseparator. The
reason for this is considered to be as follo82 In the porous separator
used in the present invention, the above-nentioned uni que pore structure

formed by. the t hree- diBnsi 6nal Onet Aarkcof Yol @s. f O Getf ¥ t ek A2 .
gregate formof particles is nore effective for achiev- ing hlgh I on
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the conventional polyolefin resin filmseparator or the |ike. The
above-nentioned insul ati ng substance nay be 20 ei ther an inorganic

" substance or an organi c substance. Exanples of inorganic substances include
oxides, (e.g., Li[err]OQ BeO B[err]O[err], Na[err]O MO Al erJrz;O err],
Sigerr], P[eWPO908163] CaO Cr[err]Qerr], Fe[err](err], zZREM ‘éz‘é\“r] '
and Tierr]), zeolite (e.g., .
Merr]/[err]O Al[err]Jerr].xSi qerr].yH[err]a(g, wherein Mrepresents a’
metal 25 atom such as Na, K, Ca and Ba; n i's a nunber corre- 17
sponding'to the electric charge of a positive ion Merr]
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of the metal atomM x and y are the nolar nunber of SiO2 and the nol ar
nunber of H20, respectively, and wherein 2 [err] x [err] 10, and 2 [err] vy
[err] 7), nitrides (e.g., BN, 5 AN, .Si 3Nd and Ba3N2), silicon carbide
(SiC), zircon (ZrSi™), salts of carbonic acids (e.g., MJCAB and
CaCJerr]), swooerefsasul furic acids (e.g., CaS( err] and BaS®tx/Irsenisl4
conposites of the above-nentioned conpounds {e.g., porcelains, such as
steatite (MJO'Si 2), for- 10 sterite (2M3Q4SiJ err]) and cordierit-e
(2MyO. 2A1[err]O[err].5Siderr] )}. Exanples of organi c substances include
pol yethy- lene, pol yprOpR & 3pal Psicyi etres poty SvOnpl BChl B Sie) & 5 X

pol y(vi nylidene chloride), polyacrylonitrile, poly- (nethyl nethacrylate),
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fluorirde)}, polyam de resins, polyimde resins, poly- ester resins,

pol ycarbonat e resins, polyphenyl ene oxide resins, silicone resins, phenolic
resins, urea resins, nelam ne resins, polyurethane resins, polyether resins
20 (e.g., p ene oxi de) and pol y(propyl'ene oxide)},

I ns, acetal reg#ﬁgﬁ%§%$ylonitriIe-styrene (AS) resins and PERI¥o6r2414
acgylonitrile-butadi ene-styrene (ABS) res- ins. Gepegrally, with respect to
the particles of at 25 | east one insulating substance, it is
preferred that 18 (mim)
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the particles have high hardness. The use of a porous separator obtained
usi ng such particles having high hardness in a battery is advantageous for
the foll owi ng reason. Even when such-a porous separator sustains a 5
pressure caused by a volune increase of the active material |ayers, the
por ous separ awer97/e87é8r ee from occurrence of a deformation, of "l‘ﬁ'én’m SO
t hat the porous separator does not suffer froma volune decrease of the
pores. Therefore, the anpbunt of -the el ectrol yi3e5_10 contai ned in each
pore of the porous separator. can be constantly naintained at the sane -

| evel , so that the[;@) arator does not suffer a lowering in the ion
conductive property. Therefore, the battery using such a separator exhibits
inproved durability. #GEHEEF @ FHHEL. OpmDe—AlLl.0;
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15 ’ Further, with respect to the particles of at |east one
I nsul ating substance, it is preferred to use an insulating substance havi ng
such a high heat resistance as represented by the nelting point of 200

[err]C or nore, foQr ¢ le a-Al[err]Jerr] (nelting point: 2055
dnd polyi- 20 %")ﬁﬁﬁﬁgﬁesins (heat resistant resins which do n%&ﬁhﬁgﬁ?ﬁﬁ

diissol ution, melting or deconposition at a tenpergtyre of from 250 to 400
[err]C). By the use of particles of such an insul@ating substance having
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19 rator materials, such as a pol yethylene mcroporous film (nelting point:
about 140 [err]C) and a pol ypropyl ene microporous film (nelting point:
about 180 [err]C). Wth respect to the average particle dianeter of 5

t he above-nentioned particles of at |east one insulat- ing substance, it is
preferred thatwolensaedr age parti- cle dianmeter is from5 nm t ectiPosmazianor e
preferably from5 nmto 10 pm nost preferably from5 nmto 1 pm Wth
respect to the thickness of the above-nmen- 103 8 tioned porous separator,
there is no particular limta- tion. However, it is preferred that the

thi ckness- of the sé@p¥r& & de from 100 nmto 100 pm nore preferably from

100 nmto 10 pm _
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In the present invention, it is preferred that the 15 por ous separ at or
further conprises a binder which is mxed with the particles to thereby
bind the particles together. Exanples of binders include |atexes (e.g., a
styr- ene-but adi e%ﬁﬂgfggyrrer | atex and an acrylonitrile- 20 P%%me
<6apolymer |atex), cellulose derivatives (e.g., a sodiumsalt .of

“¢ar boxymet hyl cel | ul ose), fluo- rorubbers (e.g., 8 g8opolyner of vinylidene
fluoride, hexafluoropropylene and tetrafl uoroethylene) and fluo- roresins

{e.g., poly(vinylidene fluoride) and polyte- 25 _ trafluoroethyl ene).
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20 Wth respect to the anmount of the above-nentioned binder, it is
preferred that the binder is used in an anmount of from 1/500 to 5/3, nore
preferably from1/500 to 1/2, nost preferably from1/500 to 1/5, in terns
of 5 the volunme ratio of the binder to the particles of at |east one
insul ating sul¥O&Me&Y63 I n the present invention, it is preferrBeryRsa241he
porous separator used in the battery is dlrectl§ formed, in an immobilized
from on at |east one active 10 mat eri al 4 yer. sel ected fromthe group
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Wth tespect to the conventional battery, in which a mcroporous resin film
is used as a separator, the 15 separator needs to be handl ed as an
i ndependent film Therefore, such a separator used in the conventional

battery needs to have high nechanical strength so as to avoid br ‘Emﬁf
“1Jie separator durWﬂQ'”PW@ghandl ing thereof. For this reason, it h @‘ﬁﬁ 14

“@nventional |y been 20 difficult to reduce t t hi ckness of a
Separator to a level less than 25 pm On the other nd, in the case of the

battery of the present inw}eg}ié)% whi ch has a construction in which the
separator is directly fo]rrred In an i mmobilized form on the active
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21 filmduring the production the battery, so that a separator having an
extrenely small thickness can be enpl oyed. Therefore, by the use of the
above-nenti oned construction, it beconmes possible not only to increase 5

t he amount of active materials which can be acconmodat- ed in the battery
per unit vol unwotlves7e®f, but al so to reduce the .internal resiBCEIRIGNO41t he
battery (the low internal resistance of the battery has a favorable effect
of lowering the overvoltage, thereby markedl y 4@ I mprovi ng.the
|nput/output characteristics of the battery
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It is preferred that the porosity of the above- nentioned porous separator
i.s 10 %or nore, nore pre- ferably 20 % or nore, nost preferably 40 % or
nore, as 15 measured in the dry state of the porous separator. Wth
respect to the porosity of the porous separator, the higher the p

. hi gher the iorWQB'Hé.?é-’tl ve property of the porous separator. ﬁé?’g#ég 14
‘1s preferred that the porous separator has a porosity as 20. hi gh
as ‘possi bl e. However, when the porosity of the po of S separator is too

hi ckness). 1t 15 dit1Fed 0008 BABVBAT boddorenGd d W%@?“%hir?”?‘b&ﬁsaﬁﬁﬁih-

bet ween the positive electrode and the negative el ec-

Therefore, froma practhchlP goisr#® bf. Wew,0il /1 ﬁﬁéﬁt%ﬁﬁq”?%ﬁ%
| sen (RWA4) . ABRERERERAZ LALE LE,
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22 is preferred that the porosity of the porous separator is not higher
than 90 % The above-nentioned porosity of the porous separa- tor can be
measured as follows. In the case of a sepa- 5 rator which is forned in
an i ndependent form the porosity of the separator can be nmeasured by neans
of a nercury pdwWoS?86Er. On the other hand, in the case of a BEpIRIGIMMLI4
which is fornmed, in an immobilized form on at |east one active material

| ayer and whi ch cannot be 10 separ at ed frémtthe active material

| ayer(s), the poros- : ' ) :
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ity of such a separator can be determ ned by the fol- |owi ng nmethod. The

separator is inpregnated with a resin solution so as to fill the pores of
the separator with the resin solution, followed by curing the resin. 15
The resul t ant sepgy, éaaw ng pores thereof filled with the cur '
gt to obtain a cross Tt ion of the separator in which the cross seciions

O the cured resin-filled pores are exposed. A php%ograph of the cross
section thereof is taken by neans of a scan- .ning el ectron

m cr oscope (SEM The @b he t
swmmmiewmmwto@%mt ﬁl %%&m %gﬁm%££§%ﬁ
cross-sectional areas of the %%red resin- fllledlgoriégéo the entire area of
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25 tor. In practice, with respect to each of ten or nore 23
different cross-sectional portions of the separator which each include a
nunber of cured resin-filled pores, the ratio (% of the sumof the
respective cross-sectional areas of the cured resin-filled pores 5 to
the entire arwpM8lde cross section of each of the differenPCIEPIBHY of -
the separator is obtained in substantially th& ane manner as nentioned
above, and the average val ue of the obtained Tatios is defined as the

porosity of the Sepalgiol.s y _» kys—v L —F2 AV THEREY —
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10 . In the present invention, the above-nentioned separator may
have an ion conductive property attribut- ed to a factor other ‘than the

voi ds of the aggregate formof particles of at |east one insulating

subst ance. Exanpl es of nethods for obtaining such separators,

kave an ion conduWOi¥883Eoperty attributed to a factor other thaﬁqﬂ%’w&f’ﬁs
OF: the aggregate formof particles, include a mgfkod in which porous
partlcles of at least one insulating substance are enpl oyed; a nmethod in
whi ch use is made of particles of at |east 20 one insul ati ng substance
whi ch has, in the skeletal structure thereof, voids which allow the

mol ecul es of the electrolyte to pass therethrough (e.g., a zeolite); a

nethod in which use is made of insulafing substange
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particles and/or another substance used in a m xture of 25 t he
particles, which can be swollen with an electroly- 24 tic liquid (e.g.,
pol yacrylonitrile, poly(nmethyl netha- crylate) and pol y(vinylidene
fluoride)); and a nethod in which use is nade of particles of at |east one
i nsul ati ng subgbapggefind/ or anot her substance .used in a 5 PCTIPO6NZR4 Of .
the particles, wherein the insulating sub- stance and/or another substance
is a mterial, e.g., a conposite of an alkali#genetal salt with
pol y(et hyl ene oxi de), poly(propyl ene oxide), a pal yphosphazene or the
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li ke, nanmely a material obtained by inpregnating a 10 solid with a
sol'ution of an electrolyte in a solvent, and renoving the sol vent by
evaporation fromthe im pregnated solid. In the enbodi nent nmentioned in
item 8 above, use is nade of a porous separator conprising an agg ﬁﬁﬁﬁ%g
figem of particles'ﬂpgywnﬁéast two different insulating substances?sf 4
émbodi nent nentioned in item9 above, use is nadelgf a porous separ ator
conprising at least two |ayers respectively conpri éh.of di fferent

aggregate fornms of part,cles. mbgdi teEN: ' in it

10 above, use'is nade-‘f°a‘pg?ggg£g§5§> ?g?ﬁﬁgéog%rjé%%%aamgﬁézgggg%a.ato?%*)

| ayer conprising at |1east one |ayer of an aggr%Pate formof particles of at
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| east one inorganic insulating substance and a second separator |ayer
conprising at | east one |ayer of an 25 aggregate formof particles of
at | east one organic 25 insul ating substance. The term "different". used
herein is intended to indicate that the chem cal conpositions are different
and that the propgesrées, such as nelting point, are differentPCRPBN2414 he -
fact that the chemcal 5 conpositions are the sane. According to each
of the above-nentioned ermbodinents, it is pos8ible to inpart the separator

with the ability to function as a fuse.
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As an-exanpl e of the batteries according to the enbodi- nment of item8
above there can be nentioned a battery 10 in which the | ayer of an
aggregate formof particles conprises a mxture of particles of an

i.norgani ¢ oxi de hgyi high nelting point (e.g., 1,000 [err]C

agd particles of gydr%g’ls?“havi ng a low nelting point (e.g., 200 [gr?igg gp2eld
Fess). As an exanple of the batteries 15 aécdrding to the embodi ment
of item 10 above, there can be nmentioned a battery in which the separator

conprises a first separator |ayer of an aggregate formof parti- cles of an
i norgani c oxide having a high nelting point (e.g., 1,000 [err]C or nore)

and a second separator |ayer 20 of .an aggregate form of particles of a
resin having a low nelting point (e.g., |2Q0 [err]C gr le$s), pherein the
v # N
- O B
o ﬁ m i
T M N
=X |
m ™ e
&H,’g_m o
Q\$§££ g o~ <
;: Elgg < <t

m o0 o
ilm,.": =) o .
m:ﬁ"“ o o
\'(J =B g . .
SIS K
ENY
10 ~ - o
] m ".h £0\° .
1 : ﬁ% i oy
S 2 &
mx
o 10
~ im,: N | o
- ~Bag|o|°®
:bc:m < <
= - &
o © Te)
'&ﬂeﬂo'q i ™
Q\$§ 2 o o
\'(J g .
P oo B W | W
S S &K

Kyl 6
el 6




first separator layer is directly formed, in an imo- bilized form on the
cathode active material |ayer and the second separator layer is directly
formed, in an 25 imobilized form on the anode active materi al
layer. _ 26 Wien the battery according to the enbodi ment of each of itens
8 and 10 aboweoiomesrsaised to have a high tenpera- ture, only RCRARIERI4H
particles contained in the separa- tor are nelted and the resultant nolten

resin closes 5 the voids of the separat®réto thereby shut off-the
current (i.e., the se arator functions as a fuse o
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that the safety of the battery can be secured. Wth respect to the type of
the battery of the present invention, there is no particular lLimtation, 10
and the battery of the present invention may be, for exanple, a primary
battery, such as a manganese diox- ide-lithiumbattery and a graphite
oride-lithium wmoweos”63 a secondary battery using an aqueous el BETIRS/02414
yEic |liquid, such as a | ead storage battery, a nickel- 15 cadm um
battery and a nickel -hydrogen battery; or a secon@éﬁy battery using a
non- aqueous el ectrolytic liquid, ggch as a lithiumion_secondary battery,
Wth respect to the casing usabl® ®rthe patfelytob + HE %r%s’-érﬁ pfPeht Vor, =
" there is no particular linmi- 20 tation. Exanples of casings include a

can nade of _ _7A%(%%¢%)Lt%ﬁ&ﬁﬁpr‘7vx
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al um num stainless steel, iron or nickel; a plated can nmade of iron; a
casing formed froma material having a |lam nate structure; and a casing
formed froma resin film 25 In the case of a battery of the
present invention, 27 which is a primary battery, the positive

el ectrode, the jye el ectrode and the electrol yte may ‘be SPoehbigh .
are prepared bvaggwg%tional techni ques. For exanpl e, when thgegattery of

the present inventionis a 5 manganese digx de-1ithium battery, use
can be made of a :
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positive el ectrode prepared usi ng manganese di oxi de, a negative el ectrode
prepared using netallic lithium and an electrolyte prepared by dissolving
alithiumsalt in an organic solvent. Wen the battery of the present 10
invention is a graphite fluoride-lithiumbattery, use can be nmade of a
phgétive el ectrode WOOWBE76H using a graphite fluoride, the same neBET/RAGN02414
eéFéétrode as in the above-nentioned manganese di oxide-1ithiumbattery, and
the same electrolyte as in the above-nentioned 15 535 manganese

di-oxi de-1ithiumbattery in the case of the battery of the present
invention which is a se ofrf# @Mtér%,@t*heipgsﬁ&/% (La‘l'@yc’e‘:roode, t he
negative el ectrode and.the el ectrolyte nay be those which are prepared by
conventional tech- ERATSIVCEBRATIEBTZ10¥ 4272 EE 1 1Y
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20 ni ques. For exanple, when the battery of the present invention is
a |l ead storage battery, use can be nmade of PobQ2 as a cat hode active
material, Pb as an anode active material, and an aqueous sol ution of
Herr]SO[err] as an electrolytic liquid. Wien the battery of the present 25
i nvention is a nickel-cadmi um battery, use can be made 2PCIIPIIM as a
cat hode acti W& lal, Cd as an anode active material, and, as an

el ectrolytic liquid, an aqueous sol ution of 3KEH whi ch contains Li OH or NaOH
in a smll anount. Wien the battery of the present inven-
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5 . tion is a nickel-hydrogen battery, use can be nade of the sane

cat hode active material as in the nickel- cadm um battery, hydrogen (e.g.,
a jretal alloy having hydrogen occluded therein) as an anode active
naterlal and the sane electrolytic liquid as in the above-nen- 10
tiioned ni ckel - cadWQ#/¥&Bt ery. Wth respect to the battery of th PO
@ven- tion, which is a lithiumion secondary batb %a a detailed
expl anation is made bel ow (the explanatlon is mad i nly about the cathode
active nmaterial, the 15 node a ri

In the lithiumion seconﬁa@ﬁoa‘t’ﬁ"e?'y é?s ‘-a‘ f?ei\l’t c%n?) %% %# @f%%%%}iﬁ
positive electrode, for exanple, a netallic foil, such as an al unm num f oi

a titanium Pl7 eEBRATRHEBELESE, REOEBKEEL1,/3C
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foil, or a stainless steel foil, can be used. O the 20

above-nentioned netallic foils, an alumnumfoil is preferred. As a current
collector for the negative electrode, for exanple, a netallic foil, such as
a copper foil, a nickel foil, or a.stainless steel foil, can be used. O

t he above-nent igpesosig allic foils, a 25 copper foil is picatmoéedia
29 In the lithiumion secondary battery, as a cathode active material, a

conposite netal oxide of Li and a transitiondn®tal (such as Co, Ni, M, and

Fe). and a ERtoRBTEE
ERHOBMIE, BLBERARS L2, BWEREE
TEREREREERETSET TR, RROBM L LB
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conposite netal oxide of Li, a transition netal and a 5 non-transition
metal can be used. Exanples of com posite netal oxides include a
| it hi um cont ai ning com posite netal oxide having a lamellar structure and
having the ability_to_electrochemcally intercal ate and deintercal ate Li
Lgps. Exanpl es of Wlotgﬁ’l%ﬁ"rﬁcont ai ning 10 conposite metal oxi §&LAP96H2414
i¥e] ude Li Co(err] as disclosed in Unexam ned J nese Patent Application
Lai.d- Open Speci- fication No. 55-136131 (corresponding to U S. Patent No.
4,357,215); Liferr]Ni[err]CO(1-y)Jerr] whesg:p rr] x [err] 1, and O
[err] y [err] 1, as disclosed in Unexam ne Patent 15 .
Appl i cation Laid-CpeE Spﬁpljg g;bpn No. 3-49155; and Li[err]MWferr](err]

r]

wherein O [err] x [e . TheSe“cbnpounds can be easily obtai ned by a
cal ci - '
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nation reaction of a |ithium conpound, such as |ithium hydroxide, [ithium
oxide, lithiumcarbonate, |ithium 20 nitrate or the like, with a
netal oxide, a netal hy- droxide, a netal carbonate, a netal nitrate or the
like and, if desired, with other netal conmpounds. In the [ithiumion
secondary bat t gigero@fszan anode active material, a carbonaceoupcrabswozalk, . .
such as a 25 coke, a graphite, and an anorphous carbon, can be used.
30 The above-nenti oned carbonaceous naterralanﬁy be in various fornms, such

as crushed partlc G YR A B EBEBRENTWH T L E BB L T EWR
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particles and spherical particles. Wth respect to the type of carbonaceous
material, there is no particular' 5 limtation, and various types of
_carbonaceous materials can be used. Exanples of carbonaceous materials in-
clude a carbon or

raphite material having a | arge surface are
discl osed in UTERY ﬁ?%d Japanese Patent Application Laid-Qpen %pfei'zﬁgﬁo%‘é%i on
<4 58- 35881 10 (corresponding’to U S. gafent No. 4,617,243), a
"g@al ci - nation-carboni zed product of a phenolic resin and the |ike as

di sclosed in Unexgg?%;& asgkggPat et gl 1-ca Lok KRR 2 < & H

"Speci fication No. 9864, and a cal ci nati on-carboni zed product of a
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61-111907 (corresponding to U.S. Patent No. 4,725, 422). Wth respect to

t he non-aqueous el ectrolytic 20 liquid used in the lithiumion
secondary battery, there is.no particular limtation. The non-aqueous

el ectro- lytic liquid can be prepared by dissolving the electro- |lyte as
menti oned bel G bfoesgs Or gani ¢ sol vent. Exam ples of ‘el ectrolpdmossgigude .
LidO[err], LiBF4, LiAsFerr], 25 CF[er)rAéSCIerr]Li,
(CFlerr]SOerr])[err]N Li, LiPF[err],Lil, L6ACO[err], Nad (err], 31

NaBF4, Na'l , (n- BU%A&\I%OJ)%?&, #(g %u%[ gr 4rij ZI\)IBE[ Er}t: ] iagd%KéF'Le_rcr‘] % *Iﬁt ?i%
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preferred that the concentration of the electrolyte in the organic
electrolytic liquid is from.about 0.1 to about 2.5 nol/liter. Exanples of
organi ¢ solvents 5 i ncl ude ethers, ketones, |actones, nitrites,

am nes, am des, sulfur conpounds, chlorinated hydrocarbons, esters,

car bonat es, nimogreemspounds, phosphoric ester conpounds and RETEPoR4L4
conpounds. -Anong t he above- nentioned organic solvents, ethers, ketones,
nitrites, 10 chlorinated hydrocarbons, carbonates and sul fol ane
conpounds are preferred, and cyclic carbgy&tes are especially preferred.
Represent ati ve exanpl es of cyclic carbon s include tetrahydrofuran,
2-met hyl te- trahydrofuran, 1,4-dioxane, anisol, nonoglyne, acetoni- 15 .

trile, propionitrile, 4-mathy|-2-per‘FsiG?€‘1 ()At)yr@%;fegam)
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trile, valeronitrile, benzonitrile, 1,2-dichloroethane, :
[err]-butyrol actone, dinethoxyethane, nethyl formate, propyl ene carbonate,
et hyl ene carbonate, diethyl car- bonate, dinethyl carbonate, nethyl ethyl
car bonate, 20 vi nyl ene carbonate, dinethylformam de, dinethyl sul fox-
I de, di net hyl twipeboszesm de, sul fol ane, 3-nethyl sul fo-- | ane, tpcwepdswisre
phosphate, triethyl phosphate, and m xtures thereof. The organic sol vents -
usable in the present invention are not limted to those which are 25
menti oned above. . 32 -
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‘Wth-respect to a non-aqueous battery, such as the above-nentioned lithium
i on secondary battery, the non- aqueous |iquid used therein has a poor ion
conductive property. Therefore, for the purpose of inproving the 5
eff|C|ency of ion conduction between the positive el ectrode and 1 IP96/02414
gdtd ve el ect r od¥O%B¥62onvent i onal non-aqueous battery has a cORstruct!on
dich a plurality of unit cells as shown in Fig. 1(A) are | am nated, or

& ‘construction in which a unit cell as 10 shown in Fig. 1(A) is
spirally wound into a spirally wound struct¥Pe. The above-mentioned unit

cell as shown in Fig. 1(A) conprises: positive electrode 11 conpri sing
current collector foil 1la (for the positive el ectrode) having both

FIG. 4

surfaces thereof coated with

N

a1 1a {11
e S U

FIG. 5




15 respective cathode active material |ayers 11b, 11b; negative

el ectrode 12 conprising current collector foil 12a (for the negative

el ectrode) having both surfaces thereof coated with respective anode active
material |ayers 12b, 12b; and resin filmseparator 13 di sposed 20

bet ween cat hogg dfstgse material |layer 11b and anode active nacefipssnzhmayer
12b. As al ready nentioned above, the use of resin film separator 13 has the
foll owi ng di sadvantage. Since resin filmseparator 13 needs to be handl ed
as an independent filmduring the production,25 - of the battery, the
separ at or. needs to have hi gh ne- 4/5

FIG. 6

oo .__I.Zb
L a—12a } 12

SEe— 110

. =

S —11b
e ' i 13C

A

11b



33 chanical strength so as to avoid breakage of the sepa- rator during the
handl i ng thereof. Therefore, the resin filmseparator needs to have a
relatively large thickness so as to achieve high nmechanical strength, 5

and it is difficult to use a resin film separator having a th%&ﬁﬂgaﬁzﬁj

| ess than 25 as9lesréan a battery. Wien such a separator havin rel-atively
| arge thick- ness is used in the above-nenti oned non-aqueous battery having
a constryction as nentioned above, the anount of 10 the active

mat erial s which can be acconmpdated in the b&f8 ery per unit vol une thereof
becones snall due to the relatively large thickness of the separator. In
contrast, when the porous separator used in the present

FIG. 7(b)
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I nvention is enployed for produci ng a non-aqueous 15 battery having a

construction as nentioned above in- stead of resin filmseparator 13, it

becones* posstble to obtain a high performance battery, in which the anount

of active materials which can be accommpdated in the battery per unit

vol ume thereof is markedly in- 20 creaged and the ion conduction

bet ween the positive electrode and the negative electrode is markedly im

proved. Further, the above-nentioned conventional non- aqueous battery, in

which the resin filmseparator is ppgoE ¢ ®iS o UERaEhNt ageous in that the

resin film25, separator which is a relati vely expensive conponent
Novel battery and method for producing the same

BACKGROUND OF THE INVENTION

Field of the Invention

5 The present invention relates to a novel battery
and a method for producing the same. More particular-
ly, the present invention is concerned with a battery
comprising a positiVe electrode comprising a cathode
éctive materiéi layer, a negative electrode comprising

10 an' anode active material layer, and a porous separator
disposed between the positive electrode and the nega-
tive electrode, wherein the posifive electrode, the
negative elecfrode and the separatoi are disposed-in a
-casing containing an electrolyte; and wherein the

15 porous separator compiises at least one layer of an
aggregate form of particles of at ieast one insulating:
substance, the layer of the aggregate form_of particles
having a three-dimensional network of voids which
function as pores in the porous separator and which are

20 capable of passing ions therethrough. The present
invention is also concerned with a method for producing
the above-mentioned novel bat%ery. Thenbattery of the
present invention is advantageous not'only in that the
battery exhibits excellent discharge characteristics

25 even at a high discharge current density without sacri-
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34 anong the conponents of the battery needs to be used in a | arge anount,
so that the production cost for the battery inevitably becones high. On the
ot her hand, t'he porous separator used in the present invention can 5

be obtained at |ow cost. Therefore, by the use of the porous separator
used in the present invention, it becones po§%ible to produce the

above- nenti oned hi gh performance battery at |"ow cost. Wth respect to the
met hod for producing the 10 “porous separator used in the present

nvention, there i AhPaddduy Andd i G0 chHle g DN YA IR e
produced, for exanple, ggy t%e rfet%od dlescrll ec? el ow
materials which can be accommodated in the battery per
unit volume thereof is large, as compared to the

amounts in the case of conventional batteries.

Prior Art
In recent years, various demands have beén made on
electrical applianceé, wherein the electrical applianc-
es should be reduced in size and weight, wherein they
10 should have multifunctionality and wherein they should
be codeless (portable). For meeting these demands,
development of high performance batteries has been
'vigorously studied. Batteries can be generally claési—
fied into a primary battery which is not rechargeable
15 and a secondary batter§ Which.is rechargeable so that
it can be repeatedly used. Examples of primary batter-
ies include a manganese dioxide battery and an alkaline
manganese dioxide dry cell. With respect to these
primary batteries, wvarious improvements have been made, -
20 - and the primary batteries afe used in a wide wvariety of
fields. On the other'hand, examples of secondary
batteries include a lead storage battery, a nickel-
cadmium battéry and a nickel-hydrogen battery. Recent-
ly, a cqmmercial demand for a secondary battery, par-

25 .ticularly a lithium ion secondary battery ﬁsing a non-



with reference to Fig. 2. Separator 13A can be pro- duced by a nethod
conprising formng cathode active 15 material |ayers 11b and 11b.on
both sutfaces of current collector foil 1la for a positive electrode by a
con- ventional nmethod, to thereby obtain positive electrode 11; form ng a
| ayer of an aggregate formof particles of af | east one insulating
substance on the surface of 20 each cathode active material |ayer
11b, which layer of the aggregate formof particles serves as separator

13A. Specific exapphesusf e&%t:t&%iyft% h QLU AIhaePBEaAn 1AErddAihge! HdRca
met hod in which particles of at |east one insulating substance are

uniformy coated ehethethlum ion SeEcbheer9f beatsroathadexnebiitehagheri al
| ayer 11b, fol- _
voltage and high capacity even in a compact and light
weight form.

5 The performance of the above-mentioned batteries
can be improved, for example, by increasing the amount
of active materials and/or the amount of electrolyte,
which can be accommodated in a battery per unit volume
of the battery, or by improving the ion conductive

10 property between the positive electrode and the nega-
tive electrode.

Particularly, in the case of a battery using a
non-aqueous electrolytic liquid (such a battery is
hereinafter, frequently, referred to simply as a "non-

15 aqueous battery"), such as the above-mentioned lithium
ion secondary battery, since the non-agqueous liquid
used in such a battery has a poor ion conductive_prop-
erty as compared to an aquedus electrolytic liquid, it
is desired to improve the ion conductive property bet-

20 ween the positive electrode and the negative electrode.
For this purpose, generally, such a battery is designed
to have a construction in which a plurality of unit
cells (each domprising a positive electrode, a negativé
electrode and a separator) are laminated, or a con-

25 struction in which a unit cell is spirally wound into a



35 |l owed by bonding the particles to the surface of each cathode active
material |ayer 11b by neans of a roll press, to thereby forma |ayer of an
aggregated formof particles, which serves as separator 13A; and a nethod
in which a dispersion of a m xture of particles of at |east one insulating
substance and a binder for the particles in g dispersion mediumis
uniformy coated in a predeterm ned thickness on the surface of each
cathode active material layer 11b, foll owed by heating 10 t he coated

di spersion to rengyerkeydi:s0RESLEPuBBELEN BY 8¥3POT BhtPABaséd Othdeshyciorm
a layer of an aggregate
tive area of electrodes, at which the positive elec-
trode and the negative electrode face each other.
However, a satisfactory improvement in the ion conduc-
5 tive property has not yet been achieved.
As an example of the most effective methods for
achieving an improvemgnt in the ion conductive proper-
‘ty, there can be mentioned a method in which a separa-
tor having a small thickness and an excellent ion
10 permeability is used.
As a separator used in a conventional battery,
generally, use is made of a microporous film made of a
polyolefin resin, such as polyethylene or polypropy;
lene. For example, as described.in Unexamined Japanese
15 Patent Laid-Open Specification No. 3-105851, the above-
mentioned microporous film can be produced by a method
in which a moltén mixture comprising a polyolefin resin
composition is extrusion-molded into a sheet, substanc-
es other than the polyolefin resin are removed from the
20 sheet by extraction, and the resultant sheet is sub-
jected to stretching.
The above-mentioned resin film separator needs to
have a mechaﬁical strength such that occurrence of the
breakage of the separator can be avoided during the

25 production of a battery, Due to such a required me-



formof particles which serves as separator 13A. In the case of the
above-nentioned nethod in which a dispersion of the m xture of particles of
at |east one 15 i nsul ati ng substance and a’ binder is used, there is
no particular limtation with respect to the dispersion nediumas |ong as
the following three requirenments are satisfied; that is, (i) the particles
of at |east one insulating substance be insdluble in the dispersion 20
medium (ii) a binder for the particles be soluble in the dispersion

nedium and (i i ¢hbhecs SBershaEneItUTLCAT e Ry EPOsaL g by angg“c{?%cl?l an

appropriate tempera- ture. Exanples of dispersion nedra | nc
acet at e, ethy|enﬂeQéY@ﬁ'tH§n§8b9¥ht6%h€6 iQSSZEhan a c@%@@fﬂefﬂﬁBEﬁéss.

1- net hyl - 2- pyrrol i done (NWP),
Therefore, in the case of the above-mentloned non-
aqueous battery (such as a lithium ion secondary bat-
5 tery) having a construction in which a plurality of

unit cells are laminated, or a construction in which a
unit cell is spirally wound into a spirally wound
structure, the amount of the unit cell which can be
accommodated in the battery per_unit volume thereof

10 .inevitably becomes small due to the restrictién in
‘respect of reduction of the thickness of the separator.
Further, even when it is attempted to improve the ion
conductive property between the positive electrode and
the negative electrode by increaéing the porosity of

15 the conventional resin film separator, satisfactory
results cannot be obtained (see Comparative Example 1
of the present specification) (the reason for this has
not yet been elucidated). The above-mentioned ‘separa-
tor made of a resin film is also disadvéntageous in

20 that the resin film separator has poor durability.
‘Therefore, when such a separator is used in a secondary
battery, the separator is deteriorated during the
repetition of the charge/discharge operations, so that
the cycle characteriétics of the battery become poor

25 (see Comparative Example 3 of the present specifica-



36 "di net hyl f ormam de (DVF), dinethyl sul foxide (DVSO, tetrahydrofuran
(THF) and water. Wth respect to the tinme and tenperature for the renoval
of the dispersion nediumby heating, there is no particular linmtation, 5
as long as the particles of the insulating substance are not deforned or
mel ted. However, the renoval of the dispersign medium by heating is
generally conducted at a tenperature of from50 to 200 [err] for 5 to 30
m nutes. Further, with respect to the solids (parti- 10 cles of the

i nsul ating subst apggn ) conkgpthet, t 8 AbByetery using a conventional
separator, use must be made of a large amount of the
separator which is produced by the above-mentioned
cumbersome, costly method, so that the ratio of.the

5 cost for the separator to the total cost for the bat-
tery becomes relatively high. Therefore, especially in
the case of the above-mentioned non-aqueous battery,
such as the lithium ion secondary battery, in which the
conventional resin film separator is used, a large area

10 of separator is needed due to the above-mentioned
unique construction of such a battery and the cost for
the separator becoﬁes disadvantageously high,_thereby
renderiqg high the production cost for the batfery.

SUMMARY OF THE INVENTION

15 The presenf inventors have made extensive and
intensive studies with a view toward developing a
Eattery which is free from the above-mentioned problems
and which not only has high performance and high safe-
ty, but also can be produced at low cost. As a result,

20 it- has unexpectedly been found that a specific battery
as defined below is advantageous not only in that the
battery exhibits excéllent discharge characteristics
even at a high discharge current density without sacri-
ficing safety, but also in that a large amount of

25 active materials can be accommodated in the battery per
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menti oned dispersion, there is no particular l[imta- tion. However, it is
preferred that the solids content is from40 to 60 % by wei ght, based on

t he wei ght of the dispersion. 15 The porous separator obtai ned
by the above-nen- tioned nethods, in whi ch the nDrphoIogy of each of the.
particles constituting the aggregate formthegreof is the same as that
before the particles are fabricated into the aggregate fromthereof, is
fundamental 'y dif- 20 ferent froma separator obtained by a nmethod in

which particles ohing® ¥B3uha! tREreyest a8CEoApArEaaLEdthe aR6LREY IR! théond
(sinter) the particles to each other. In the present invention, each of the
particles consti-chgki bg bbﬁvagg&eganebéetarnbsteosuﬁnlatepeelfie batgi -
tery comprises a positive electrode comprising a
cathode active material 1aYer, a negative electrode
5 comprising an anode active material layer, and a porous
separafor disposed between the positive electrode and
the negative electrode, wherein the positive electrode,
the negative electrode and the separator are disposed
in a casing containing an electrolyte, and wherein the
10' porous separator comprises at least one layer of an
aggregate form of particles of at least one insulating
substance, the layer of the aggregate form of particles
having a three-dimensional network of voids which
function as pores in the porous éeparafor and which are
15 capable of passing ions therethrough. The present
invéntion has been completed, based on the above novel
findings..
| Accordingly, it is a primary object of the present
invention to provide a high performance battery which
20 is- advantageous not only in that the battery exhibits
excellent diécharge characteristics even at a high dis-
'charge current density without sacrificing safety, but
also in that a large amount of actiVe materials can be
accommodated in the batfery per unit volume thereof, as

25 compared to the amounts in the case of conventional
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25 nal norphol ogy (i.e., the norphology of the particle 37 before
the fabrication of the particles into the aggre- gated formthereof), in
whi ch t:he particles are not nelt-bonded to each other and no chem cal bond
is formed between the particles. 5 Wien a unit cell having a
structure as shown in Fig. 2 (which conprisgs a positive el ectrode having
separators 13A, 13A on both sides thereof, and a nega- tive el ectrode
formed of a current collector 12a having anode active nmaterial |ayers 12b

and 12b on both sifleseries.

It is another object of the present invention to
provide an advantageous method for producing the above-
mentioned high performance battéry.

5 The foregoing and other objects, features and
advantages of the present invention will be apparent
from the following detailed description taken in con-
'nection with the accdmpanying drawings and the appended
claims.

10

Brief Description of the Drawings

In the drawings:

Fig. 1(A) is a diagrammatic cross-sectional view
showing the structure of a unit Eell of a conventional

is battery in which a conventional separator is used.

Fig. 1(B) is a diagrammatic cross-sectional view
showing the structure of a unit cell of another conven-
tional battery in which a conventional separator is
used.

20 - Fig. 2 is a diagrammatic cross-sectional view
showing the structure of a unit cell of a battery
according to one embodiment of the present invention.

Fig. 3 is diagrammatic cross-sectional view show-
ing the structure of a unit cell of a battery according

25 to another embodiment of the present invention,



10 of current collector 12a) is used in the battery of the present

I nvention, for exanple, such a unit cell can be used in the formof a
spiral I'y wound structure in which the unit cell is spirally wound so that
t he negative el ectrode of the wound unit cell is positioned on the 15

side of the outer surface of each wind of the spirally wound structure, or
in the formof a lamnate structure in which a plurality of the unit cells
are lam nated so that each positive electrode 11 is positioned opposite to

negative el ectrode 12 ﬁi@.owﬁé@@i%?ganﬁ%i@ PossZBectionalll viilghs
| am nate structure, each separator 13A is di sposed between positive

el ectrode 11 and gmegalng/ & efirrdRirk? ofRERIIR ICE1L10pF0S bR theriaces of
the separator face cathode active nmaterial |ayer 11b and
according to still another embodiment of the present
invention.

5 Fig. 5 is a diagrammatic cross-sectional view
showing the structure of a unit cell of é battery
according to still another émbodiment of the present
invention.

Fig. 6 is a diagrammatic cross-sectional view
10 showing the structure of a unit cell of a battery
according to still another embodiment of the present
invention.
Figs. 7(a) to 7(c) are diagrammatic cross-
sectional views showing the respéctive structures of
15 unit cells employed in Examples 1 to 7, respectively.
In Figs. 1(A) to 7(c), like-parts.and portions are

designated by like numerals.

Description of the Reference Numerals

20 1 : Unit cell
11 : Positive electrode
1la : Current collector foil. for positive electrode
11b : Cathodé active material layer
12 Negétive electrode
25 12a : Current collector foil for negative eiectrode



anode active material |ayer 12b, respectively). 25

‘As al ready

nmentioned above, wth respect to sepa- 38 rator 13A as shown in Fig. 2,
which is directly formed, in an i nmobilized form on the active nateri al
| ayer of the el ectrode, such a separator need not be handled as an

i ndependent filmduring the production of aguattery. 5

Therefore, the

separator nmay have an extrenely small thickness, and the lower limt of the
t hi ckness of the separator is not particularly linited as |l ong as a

pr edet er mi ned pol2kityAnpdehecstparmabertab bayarhi eved

10

15

20

25

13 : Conventional separator

13A : Separator used in the present invention, which is
directly formed, in an immobilized form, on the
surface ofla cathode active material layer.

iSB : Separator used in the present invention, which is
directly formed, in an immobilized form, on the
surface of an anode active materiél layer.

13C : Separator used in the present invention, which is
directly formed, in an immobilized form, on each
of the surface of a cathode active material layer

and the surface of an anode active material layer.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

Essentially, according to the present invention,
the;e is provided a battery comprising:

a casing,

an electrolyte contained in the casing,

a p031t1ve electrode comprising a cathode active

material layer

a negative electrode comprising an anode active
material laver, and

a poroué separator disposed between the positive
electrode and the negative electrode, wherein. two

opposite surfaces of the porous separator face the
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and mai ntai ned, and occurrence of short-circuiting can 10 = . Dbe
prevented. Separator 13A having an extrenely small thickness can be
obt ai ned by using particles of the insulating substance having an -
appropriate average particle dianeter. For exanple, by using particles of
the insul ati ng substance, which have an average parti- 15 _ cle
dianeter of 1 pmor |less, separator 13A having a thickness of from5 to 10
pm and a porosity of about 60 % can be obtained. Further, in the case of

t he above- nenti onedthede acdtive m@Aeatiadh liayeshemdnsiiehpnodengcEiviext ure of
a 20 binder and the particles of insulating substance, and which is
directly fornmed, met@riadndEiverzedespagtizielhe surface of an active

material | ayer of an el ec-
the positive electrode, the negative electrode and

the separator being disposed in the casing, operatively
5 with the electrolyte,
the porous separator comprising at least one layer
of an aggregate form of particles of at least one
insulating substance, whérein the at least one layer of
the aggregate form of particles has a three-dimensional
10 network of voids which function as pores in the porous
separator and which are capable of passing ions there-
through.
Fop an easy understanding of the present inven-
tion, the essential features andavarious-preferred
15 embodiments of the present invention are enumerated °
below.
1. A battery comprising:
a casing,
an electrolyte contained in the casing,
20 . a positive electrode comprising a cathode active
material layer, .
a negative electrode comprising a anode active
material layér,

a porous'separator disposed between the positive

25 | electrode and the negative electrode, wherein two
THIS SHEET HAS BEEN Sheet Has Been Replaced
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trode, such a separator has high flexibility so that it continues to be
stably positioned on the active materi- 25 al layer of the el ectrode
wi t hout *sufféring slippage - 39 during the production.of a battery. This

I s advanta- geous fromthe viewpoint of the efficiency in the production of
a battery. It is difficult to obtain a separggor having such high
flexibility by a convention- 5 al techni que, for exanple, by a nethod
in which the particles of the insulating substance are nelt-bonded
(sintered) to eachppbbétel gurFades oEPEhal Porous separator face the

cathode active material layer and the anode active
material layer, respectively,
the positive electrode, the negative electrode and.
5 the separator being disposed in the casing, operatively
with the electrélyte,
the porous separator comprising at least one layer
of an aggregate form of particles of at least one
_insulating substance, wherein the at least one layer of
10 the aggregate form of particles has a three-dimensional
network of voids which function as pores in the porous
separator and wﬁich are capable of passing ions there-
through.
2. The battery according to iéém i above, wherein the
15 porous separator further comprises a binder which is
mixed with the particles to thereby bind the particles
together.
3. The battery according to item 1 or 2 above, wher-
ein the porous separator is directly formed, in an
20 immobilized form, on at least one active material layer
selected from the group consisting of the cathode
active maferial layer and the anode active material
layer. | |
4. The battery according to any one of items 1 to 3

25 above, wherein the porous separator has a porosity of
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Next, in order to illustratively show the con- struction of the battery of
the present invention, an 10 expl anation is nmade bel ow about vari ous
enbodi ments o6f the present invention with reference to. Figs. 2 to 6. The
unit cell shown in the above-nentioned Fig. 2, has a structure in which
separators 13A, 13A are forned, in an i mobiyg zed form on the respective
15 cat hode active material layers 11b, 11b which are formed on both
surfaces of current collector foil 1la for positive electrode 11
Al ternatively, theobgtberiopé abempasaesd invenéi @y nByateonpfi tke aponols
cell having a structure as shown in Fig. 3, in which separa- 20 tors
13B, 13B are fornedpatratan.i mobilized form on the respectlve anode active
material |ayers 12b, 12b

5. The battery accordlng to any one of items 1 to 4

above, wherein the porous separator has an ion conduc-

5 'tive property ascribed to a factor other than the voids

of the aggregate form of particles.

6. The battery according to any one of items 1 to 5

above, wherein the insulating substance is an inorganic

substance.

10 7. The battery according to any one of items 1 to 5
above, wherein the insulating substance is an organic
substance.

8. The battery according to any one of items 1 to 7
above, wherein the aggregate form of particles compris-

15 es particles of at least two different insulating
substances.

9. The battery according to any one of items 1 to 8
' abdve, wherein the porous separator comprises at least
two layers respectively comprised of different ag-

20 gregate forms of particles.

10. The battery according to any one of items 1 to 9
above, wherein the separator comprises a first separa-
tor layer coﬁprising'at least one layer of an aggregate

form of pafticles of at least one inorganic insulating

25 substance and a second separator layer comprising at

—_——
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whi ch are formed on both surfaces of current collector foil 12a for
negative electrode 12. Further, the battery of the present invention may 25
conprise a unit cell having a structure as shown in 40 Fig. 4, in which
separators 13A, 13B are respectively fornmed, in an immobilized form on one
of the two cathode active material |ayers lélb, 11b which are formed on
both surfaces of current collector 1la for positive el ectrode 11,
and on one of the two anode active material |ayers 12b, 12b which are

formed on - least one layer of an aggregate form of particles of at.
least one organic insulating substance, the first
separatbr layer being directly formed, in an immo-
bilized form, on one'active material layer selected

5  from the cathode active material layer and.the anode
active material layer, the second separator layer being
directly formed, in an immobilized form, on the other
active material layer remaining between the cathode
active material layer and the anode active material
10 'layer.

'11.'.The battery according to any one of items 1 to 10.
above,_wheréin the electrolyte is a non-aqueous elec-
trolytef '

12. The battery according to ifém 11 above, wherein
15 the non-aqueous electrolyte contains lithium ions.
13. 'The battery according to item 11 or 12 above,
wherein the cathode active material layer comprises -
lithium manganate.
14. A method for producing a battery, comprising:
20 - (1) individually providing a positive electrode
comprising a cathode active material layer and a nega-~

.tive electrode comprising an anode active material

layer:; |
(2) coating a dispersion of a mixture of parti-

25 cles of at least one insulating substance and a binder
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both surfaces of current collector 12a for negative el ectrode 12, wherein
“cat hode active material ‘layer 11b (having separator 13A formed thereon) and
anode active 10 material |ayer 12b (free of separator) are arranged
opposite to each other through separator 13A. Further, the battery of the
present invention may conprise a unit cell hpying a structure as shown in
Fig. 5 1in which separators 13A, 13A are forned, in an 15 I mobi | i zed
form on the respective cathode active material |layers 11b, 11b which are

formed on both SUACeReOpatitilARls 39l e @i¥pekkd cnOmeRYti bHE a?l 2@ashr ode
11; separators 13B, 13B are forned, in an inmmobi- lized form on the

respective anode agle wetivetmatlerd@l layer @edleethdb frbab thiei ghrowpe formed
on both surfaces of _ _
consisting of the cathode active material layer and the
anode active material layer;

5 (3) removing, by evaporation, the dispersion
medium of the dispersion coated on the at least one
active material layer to form a layer of an aggregate
form of the particles, wherein the particles are bound
~together by means of the binder, thereby providing a

10 ‘ porous sepérator formed directly, in an immobilized
' form, on the at least one active material layer, wher-
ein the layer of an aggregate form of particles has a
three dimensional ﬁetwork of voids; and
(4) disposing the positive.electrode and the
15 negative electrode, at least one of which has the
porous separator formed on the active material layer
thereof, in a casing so that the cathode active materi-
al layer and the anode active material layer are ar-
ranged, operatively with an electrolyte contained in
20 the casing, in a positional relationship opposite to
each other through the porous separator formed on the
at least one active material layer.
In the Battery of the present invehtion, the
pbrous'separator used therein, which comprises an

25 aggregate form of particles of at least one insulating
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current collector 12a for negative electrode 12, where- in either of

cat hode active material layers 11b, 11b and either of anode active nateri al
| ayers*12b, *12b are arranged opposite to each other through separators 13A
25 - and 13B to thereby formunit cell 1. 1In this instance, 41 two
separators 13A, 13A (formed on the respectiyg cathode active nateri al

| ayers 11b, 11b which are formed on both surfaces of current collector 1la
for positive electrode 11) may be the sanme or different, 5 and two

separators 13B, 43Bstheceedner bhanhigupegbiréestructure formed by a
three-dimensional network of voids formed in the ag-
gregate form of the particles, so that the sepafator
allows the ions to be transmitted through the electro-

‘5 ' lyte contained in the pores of the separator, while
preventing occurrence of short-circuiting between the
cathode active material layer and the anode active
material 1ayer.' The separator used in the present
.invention has high ion permeability as compared to the

10 " conventional polyolefin resin film separator. The
reason for this is considered to be as follows. In tﬁe
porous separator used in the present invention, fhe
above-mentioned-unique pore structure formed'by'the
three-dimensional network of voids formed in the ag-

15 gregate form of particles is more effective for achiev-
ing high ion permeability than the pore strucfure of
the éonventional polyolefin resin film separator or -the
like.

The above-mentioned insulating substance maf be

20 either an inorganic substance or an organic substance.
Examples of inorganic substances include oxides, (e.g.,
Li,0, BeO, B0z, Nay0, MgO, Al;03, Si0,, Py0g, Cao,
Cr,03, Fe203; Zn0O, Zxr0O, and TiO,), zeolite (e.g.,
Mz/nO-A1203-xSi02-yH20, wherein M represents a metal

25 atom, such as Na, K, Ca and Ba; n is a number corre-



anode active material layers 12b, 12b which are formed on both surfaces of
current collector 12a for negative electrode 12) nay be the sane or
different. The battery conprising the unit cell having a structure as shown
in 10 ~ Fig. 5 has a doubl e-separator structure (conprised of separators
13A, 13B) fornmed between the cat hode active qpterlal | ayer and t he anode
active material |ayer. Therefore, such a baﬁtery I s especially advant ageous

for the follow ng reason. Even when either or each of 15 separ at or
13A and separat or éﬁﬁa@ﬁ the %Bgvslgsbeﬂeneﬂaggabbe 3°PBLALLeSLHHCHOT e
suffers frompin ﬁ g nonmenon (I , nomenon 1 n whi ch hol es

extending al ong tRhe %ﬁéClﬁaeaiwa%smer-eﬁt kAl 9f adeSenar abohrangmberned), by
virtue of the above-nentioned doubl e-sepa-
S$i0, and the molar number of HZO, respectively, and
wherein 2 ¢ x ¢ 10, and 2 ¢ ¥y g 7), ﬁitrides (e.g., BN,-
5 AlN, SigNy and Ba3N2),_silicon carbide'(SiC), zircon
(Zrsi0y), salts of carbonic acids (e.g., MgCO3 and
CaCO3), salts of sulfﬁiic acids (e.g., CasSOy4 and
BaS0,), and composites of the above-mentioned compounds
_{e.g., porcelains, such as steatite (Mg0-Si0,), for-

10 -sterite (2Mg0+5i0,) and cordierite (2MgO:2A1,03°:5Si0,
)}. Examples of-ofganic substances include polyethy-
lene, polypropylene, polystyrene, poly(vinyl éhloride),
poly(vinylidene chloride), polyacrylonitrile, poly-
(methyl methacrylate), polyacryléte, fluororesins

15 {e.qg., polytetrafluoroethylehe and poly(vinylidene
fluoride)}, polyamide resins, polyimide resins, poly-
ester resins, polycarbonate resins, polyphenylene oxide
resins, silicone resins, phenolic resins, urea resins,
ﬁelamine resins, polyurethane resins, polyether resins

20 {e.g., poly(ethylene oxide) and poly(propylene oxide)},
epoxy resins, acetal resins, acrylonitrile-styrene (AS)
resins and acrylbnitrile—butadiene—styrene (ABS) res-
ins. |

Generally, with respect to the particles of at

25 least one insulating substance, it is preferred that



20 rator structure, there is alnost no probability that a hole formed
i n one of the two separators communicates to a hole fornmed in the other of
the two separators to forma through-hol e extendi ng through both of the two
separators. Therefore, the above-nmentioned battery is 25

substantially free fromthe danger of occurygnce of a 42
short-circuiting between cathode active nmaterial |ayer 11b and anode active
-material |ayer 12b. Further, the battery of the present invention may

conprise a unit gkl pRRY¢iRIed BELVECHYGR RArd3REYWR.I NThe use of a porous
separator obtained using such particles having high
hardness in a battery is advantageous for the following
reason. Even when such a porous separator sustains a
5 pressure caused by a volume increase of the active
material layers, the porous separator is free from
occurrence of a deformation of thg pores, soO fhat the
porous separator does not suffer from a volume decrease
‘of the pores. Therefore, the amount of the electrolyte
10 .contained in each pore of the porous separator can be
' constantly maintained at the same level, so that the
porous separator does not suffer a lowering in the ion
conductive property; Therefore, the battery using such
a separator exhibits improved dﬁfability.

15 Further, with respect to the particles of at least
one insulating substance, it is preferred to use an
insulating substance having such a high heat resistance
as représented by the melting point of 200 °C or more,
for exémple a-AIZOS (melting point: 2055 °C)'and polyi-

20 mide resins (heat resistant resins which do not undergo
dissolution, melting or decomposition at a temperature
of from 250 to 400 °C). By the use of particles of
such an insuiating substance having high heat resist-
ance, it becomes possible to obtain a separator having

25 ‘high heat resistance as compared to conventional sepa-



5 Fig. 6, in which separator 13Cis forned, in an immo- bilized form
on both of cathode active material |ayer 11b and anode active nateri al

| ayer 12b. Exanpl es of nethods for produci ng separator 13C include: a

met hod- conpri sing: 10 coating a dispersion of a m xture of
particles of an insulating substance and a b{gder for the particles in a
di spersion nediumon the surface of an active material |ayer of an

el ectrode selected fromthe posi- tive electrode and the negative

electrode, 15  rator mat@AEIA, 0N Y o pRflveRHyh@nwl ifidepfrduie
active layer with the dispersion, lamnating the re- sultant electrode

(having the activeimi guicltilmy Yoirthe@Rfutc aaioed o) tdhd ke pdilspaicpydang 0
t he renai ni ng
microporous film (melting point: about 180 °C).
With respect to the average particle diameter of
5 the above-mentioned particles of at least one insulat-
ing substance, it is preferred that the average parti-
cle diameter is from 5 nm to 100 ym, more preferably
from 5§ nm to 10 pm, most preferably from 5 nm to 1 pm.
With respect to the thickness of the above-men-

10  tioned porous separator, there is no particular limita-
tion. -However, it is préferred that the thickness of
the separator is from 100 nm to 100 pm, more preferably
from lOQ nm to 10 pm.

In the present invention, if is preferred that the

15 | porous separator further comprises a binder which is
mixed with the particies to thereby bind the particles
together.

Examples of binders include latexes (e.g., a styr-
ene-butadiene dopolymef latex and an acrylonitrile-

20 butadiene copolymer latex), cellulose derivatives
(e.g., a sodium salt of carboxymethylcellulose), fluo-
rorubbers (e.g., a copolymer of vinylidene fluoiide,
hexafluoroprbpylene and tetrafluoroethylene) and fluo-
roresins {e.g., poly(vinylidene fluoride) and polyte-

25 : trafluoroethylené}.



ot her el ectrode so that the cathode active material 20 | ayer and the
anode active material |ayer are arranged opposite to each other through the
above- nenti ored coated di spersion, and renoving, by evaporation, the

di spersion nmedi um by heating, so that separator 13Cis forned, in an i rmo-
25 bilized form on both of the cathod%Oactive mat eri al 43 | ayer
and the anode active material |ayer; a nethod conprising: coating the
above-nmenti oned di spersion on the

With respect to the amount of the above-mentioned
binder, it is'preferred that the binder is used in an
amount of from 1/500 to 5/3, more preferably from 1/500
to 1/2, most preferably from 1/500 to 1/5, in terms of
5 the volume ratio of the binder to the particles of at
least 6ne insulating substance.
In the present invention, it is preferred that the
pbrous separator used in the battery is directly
‘formed, in an immobilized from, on at least one active
10  materiéi layer selected from the group consisting of
the cathpde active material layer and the anode active
material layer.
With respect to the conventional battery, in which
a microporous resin film is used-as a separator, the
15 separator needs to be handled as an independent film.
Therefore, such a separator used in the conventional
battery needs to have high mechanical strength so as. to
avoid breakage of the separator during the handling
thereof. For this reason, it has conventionally been
20 difficult to feduce'the thickness of a separator to a
level less than 25.pm. On the other hand, in the case
of the battery of the present invention, which has a
construction'in which the separator is directly formed,
in an immobilized form, on the active material layer,

25 the separator need not be handled as an independent



surface of an active material layer of an electrode 5 sel ected from
the positive el ectrode and the negative el ectrode, drying the coated

di spersion t6 forma separator |ayer on the active material |ayer,

| am nating the el ectrode having the active materi- 10 al layer (on
whi ch the separator layer is formed) to the giemaining other electrode so
that the cathode active material |ayer and the anode active material |ayer
are arranged opposite to each other through the separator |ayer, to thereby
obtain a | am nat egsthugitifiglehe prodGe&RbhSeHeobatberppssbi thael actrode,

t he negative el ectrode and the separator |ayer disposed between the
positive el ectrodeepagtatbe nagiahgvanckgeremddy small thickness can be
employed. Therefore, by the use of the above-mentioned
construction, it becomes possible not only to increase
5 the amount of actiﬁe materials which can be accommodat-
ed in the battery per unit volume thereof, but also to
reduce the internal resistance of the battery (the low
internai resistance of the battery has a favorable
effect of lowering the overvoltage, thereby markedly
10 " improving the ihput/oufput characteristics of the
battery).

It is preferred that the porosity of the above-
mentiongd porous separator is 10 % or more, more pre-
ferably 20 % or more, most preféfably 40 % or more, as

15 measured in thé dry state of the poroﬁs separator.
With respect to the porosity of the porous separator,
the higher thé porosity, the higher the ion conductive
property of the porous separator. Therefore, it is
preferred that the porous separator has a porosity as

20. high as possible. .  However, wheh the porosity of the
porous separator is too high (especially, in the case
of a porous separator having a small thickness), it is
difficult to'prevent occurrence of the short-circuiting
between the positive electrode and the negative elec-

25 trode. Thefeforé, from a practical point of view, it



.and pressing the obtained | am nate structure by neans 20

of -a hot

press under tenperature conditions at which the binder for the particles
can be nelted, so that separator 13Cis forned, in an i mobilized form on
both of the cathode active nmaterial |ayer and the anode active materi al

| ayer; and 25 a method conprisingy, 44 coating the
above- nenti oned di spersion on the surface of an active nateri al

el ectrode

| ayer of an

is preferred that the porosity of the porous separator

is not higher than 90 %.

The above-mentioned porosity of the porous separa-

tor can be measured as follows. In the case of a sepa-

5 rator which is formed in an independent form, the

porosity of the separator can be measured by means of a

mercury porosimeter. On the other hand, in the case of

a separator which is formed, in an immobilized form, on

at least one active material layer and which cannot be

i0 'separated from the active material layer(s), the poros-

ity of such a separator can be determined by the fol-

lowing method. The separator is impregnated with a

resin solution so as to fill the pores of the separator

with the resin solution; followed by curing the resin.

15 The resultant separator having pores thereof filled

with the cured resin is cut to obtain a cross section

of the separator in which the cross sections of the -

cured resin-~filled pores are exposed.

A photograph of

the cross section thereof is taken by means of a scan-

20 ning electron microscope (SEM). The obtained photo-

graph of the cross section of the separator is examined

to obtain the ratio (%) of the sum of the respective

cross-sectional areas of the cured resin-filled pores

to the entire area of the cross section of the separa-

25 tor. In practice, with respect to each of ten or more



selected fromthe positive electrode and the negative electrode, 5

drying the coated dispersion to forma separator |ayer on the active
material | ayer, coating a solvent, which is capable of dissolving the
above-mentioned binder, on the separator layer, |amnating the electrode
having the active materi- 10 al layer,gon which the separator |ayer
Is forned) to the remaining other electrode so that the cathode active
material |ayer and the anode active material |ayer are arranged opposite to

each other througfy ¢ Ae SPPas ALK -s¥elond D Jdit Rt At e asdpuitaitse

structure 15 conprised of the positive electrode, the negative

el ectrode and theseperedel imyRiddlispagmsebedfenrdderesin-£filled
pores, the ratio (%) of the sum of the respective
cross-sectional areas of the cured resin-filled pores

5 to the entire area of the cross section of each of the

different portions of the separator is obtained in
substantially the same manner as mentioned above, and
the average value of the obtained ratios is defined as
the porosity of the separator.

10 - . In the present invention, the above-mentioned
separator may have an ion conductive property attribut-
ed to a factor other than the voids of the aggregate
form oflparticles of at least one insulating substance.

Examples of methods for obféining such separators,

15 which have an ion conductive property attributed to a
factor other than the voids of the aggregate form of
particles, include a method in which porous particles
of at least one insulating substance are employed; a
method in which uée is made of particles of at least

20 one insulating substance which has, in the skeletal
structure thereof, wvoids which allow the molecules of
the electrolyte to pass therethrough (e.g., a zeolite):;
a method in Which use is made of insulating substance
particles and/or another substance uéed in a mixture of

25 the barticles, which can be swollen with an electroly-
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positive el ectrode and the negative el ectrode; and pressing and heating the
obt ai ned | am nate struc- 20 ture,. so that separator 13Cis forned, in
an i mo- bilized form on both of the cathode active material |ayer and the
anode active material layer. In the battery of the present invention, as
shown in Figs. 2 to 6, the unit cell may co Ise a plurality 25 of
cat hode active material layers and a plurality of 45 anode active
material |ayers. Alternatively, as shown

tic liquid {e.qg., polyacrYionitrile; poly(methyl metha-
crylate) and poly(vinylidene fluoride)}; and a method
in which use is made of particles of at least one
insulating substance and/or another substance used in a
5 mixture of the particles, wherein the insulating sub-
stance_and/or another substance is a material, e.g., a
composite of an alkaline metal salt with poly(ethylene
oxide), poly(propylene pxide), a polyphosphazene oxr the
\like, namely a material obtained by impregnating a
10 ' solid with a solution of an electrolyte in a solvent,
'and'femoving the solvent by evaporation from the im-
pregnated solid.
In'the embodiment mentioned in item 8 above, use
is made of a porous separator caﬁprising an aggregate
15 form of particles of at least two different insulating
substances. In the embodiment mentioned in item 9
above, use is made of a porous separator comprising -at
least two layers respectively comprised of differeht
aggregate forms of partidles. In the embodiment men-
'20 ) tioned in item 10 above, use is made of a poroué sepa-
rator comprising a first separator layer comprising at
least one layer of an aggregate form of particles of at
least one inbrganic insulating substance and a sécond
separator layer comprising at least one layer of an

25 aggregate form of particles of at least one organic
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in Figs. 7(

a) to (c) (mhlch are-referred to in the Exanpl es below), the

unit cell may conprise a single cathode active material |ayer and a single

anode activ
formof a l
| am nat ed,

cell is spi

e b material |ayer, and such a unit. cell may be used in the
am nate structure in which a plurality of unit cells are

or in the formof a spirally wounggstructure in which a unit
rally wound. Wth respect to the nethod for producing the bat-

10 tery of the present invention, there is no particular limtation.

However, as

a pr efhAG S Rubar hocﬁ]ef Yer OGFHRG e Rldeherdfin he

present invention, there can be mentioned a nethod conprising: (1)
i ndi vi dual |'y provisd g triaes tio/ 6 rid IRt Cthalth the chemiitill Yook iadicde

active nate

10

15

20

25

rial layer and a nega-
are different and that the properties, such as melting

point, are different despite the fact that the chemical
compositions are the same. According to each of the
above~-mentioned embodiments, it is possible to impart
the separator with the ability to function as a fuée.
As an example of the batteries according to the embodi-
ment of item 8 above there can be mentioned a battery

" in which the layer of an éggregate form of particles

" comprises a mixture of particles of an inorganic oxide
having é high melting point (e.g., 1,000 °C or more)
and particles of a resin having a low melting point
(e.g., 200 °C or less). As an é#ample of the batteries
according to the embodiment of item 10 above, there can
be mentioned a battéry in which the separator comprises
a first separator layer of an aggregate form of parti-
cles of an inorganic oxide having a high melting point
(e.g., 1,000 °C or more) and a second separator layer
of an aggregate form of particles of a resin having a
low melting point (e.g., 200 °C or less), wherein the
first separator.layer is directly formed, in an immo-
bilized form; on the cathode active material layer and
the second separator layer is directly formed, in an

immobilized form; on the anode active material layer.

THIS SHEET HAS BEEN
REPLAGED _ .This Sheet Has BeenReﬁaced

TR




tive el ectrode conprising an anode active mat eri al | ayer; (2).coating a
di spersion of a mxture of particles of an insulating substance and a
bi nder for the parti- 20 cles in a dispersion nediumon at |east one-

active materi al
active materi al

. evaporati on,

at

| east one

10

15

20

25

| ayer selected fromthe group consisting of the cathode
| ayer and the anode active erial layer; (3) renoving,

46 _
When the. battery according to the embodiment of each of

items 8 and 10 above is caused to have a high tempera-
ture, only the resin particles contained in the separa-
tor are melted and the resultant molten resin closes
the voids of the separator to thereby shut off the
current (i.e., the separator functions as a fuse), sa
that the safety of the battery can be secured.

With respect to the type of the battery of the
~preseht invention, there is no particular limitation,
and the battéry of the present invention may be, for
example, a primary battery, such as a mangénese diox-
ide-lithium battery and a graphite fluoride-~lithium -
battery; a secondary battery using an agqueous elecfro-
lytic liquid, such as a lead stofage battery, a nickel-
cadmium battery and a nickel-hydrogen battery; or a
secondary battery using a non-aqueous electrolytic
liquid, such as a lithium ion secondary baftery.

With respect to the caéing usable in the battery
of the present invention, there is no particular limi-

tation. Examples of casings include a can made of

aluminum, stainless steel, iron or nickel; a plated can

made of iron; a casing formed from a material having a
laminate structure; and a casing formed from a resin

film.

In the case of a battery of the present invention,

THIS SHEET HAS BEEN
. REPLACED This Sheet Has Been Replaced

[
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1)

by

t he di spersion 25 medi um’of the di spersion coated on the



active material layer to forma |ayer of an aggregate of the particles,
wherein the particles are bound together by nmeans of the binder, thereby
provi ding a ‘porous separator fornmed directly, in an imobilized 5 :
form on the at |east one active material |ayer, wher- ein the layer of an
aggregate formof particles has a three dinagsional net wor k of voids; and
(4) disposing the positive el ectrode and thé€ ' negative el ectrode, at |east
one of which has the 10 porous separator forned on the active

maerial laver UARLAO{ 114 HLARAD RO-LLY R GEANdSSLdouIRIES Iend!

| ayer and the anode active er ‘are ar- ranged opposite to each
other through the,QUolse SERtFSdO ad P RS Tedt¥oBitd GRS}l Ketiasdd ve

nnteriaL | ayer, |
which are prepared by conventional techniques. For
example, when the battery of the present invention is a
5 manganese dioxide-lithium battery, use can be made of a

positive electrode prepared using manganese dioxide, a
negative electrode prépared using metallic lithium, and
an electrolyte prepared by dissolving a lithium salt in
‘ah organic solvent. When the battery of the present

10 - invention is a graphite fluoride-lithium battery, use
can be méde of a positive electrode prgparéd using a
graphite fluoride, the same negative electrode as in
the above-mentioned manganese dioxide~lithium battery,
and the same electrolyte as in fhe above-mentioned

15 manganese dioxide-lithium battery.

Also, in the case of the battery of the present
invention which is a secondary battery, the positive
electrode, the negative electrode and the electrolyte -
may be those which are prepared by conventional tech-

20 niques. For example, when the battery of the present.
invention is a lead storage battery, use can be made of
'Pboé as a cathode active material, Pb as an anode
active material, and an aqueous solution of HZSO4 as an
electrolytic liquid. When the battery of the present

25 invention is a nickel-cadmium battery, use can be made



15 operatively with an electrolyte contained i-n the cas- ing. 20 25
47 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON Her ei nbel ow, the present

i nventiron w‘l|l be de- scribed in detail with reference to the follow ng
Exanpl es and Conparative Exanpl es, which should not be 5 construed as
limting the scope of the present inven- tigg. '

df NiOOH as a cathode active material, Cd as an anode
active material, and, as an electrolytic liquid, an
aqueous solution of KOH which contains LiOH or NaOH in
a small amount. When the battery of the present inven-
5 "~ tion is a nickel-hydrogen battery, use can be made of
the same cathode active material as in the nickel-
cadmium battery, hydrogen (e.g., a metal alloj having
hydrogen occluded therein) as an anode active material,
and the same electrolytic liquid as in the above-men-
10 " tioned nickel-cadmium battery.
- With respect to the battery of the present inven-
tion, which is a lithium ion secondary battery, a
detailéq explanation is made below (the explanation is
made mainly about the cathode aéfive material, the
15 anode active material, and the electrolyte).
Ih the lithium ion secondary battery, as a current
collector for the positive electrode, for example, a
metallic foil, such as an aluminum foil, a titanium
foil, or a stainless steel foil, can be used. Of the
20 above-mentioned metallic foils, an aluminum foil is_
preferred. As a current collector for the negative
electrode, for example, a metallic foil, such as a
copper foil,-a nickel foil, or a stainless steel foil,
can be used. Of the above—mentidned metallic foils, a

25 copper foil is preferred.



Exanple 1 Using sanple unit cells each having a structure as 10 shown
in Fig. 7(a), the charge/discharge cycle charac- teristics of the battery
of the present invention were exam ned. Sheet el ectrodes were individually:
produced as follows. 15 (Positive electrode) LiCo(Jerr] as a cathode
active material, a lanellar graphite and acetyl ene bl ack, each as a filler,
and a fluororubber (a copolyner of vinylidene fluoride, hexafl uoropropyl ene
and tetrafl uoroethyl ene: nmanufac- 20 tured and sol d, under the
tradenane "Mraflon", lyn Atehili@henincdlon reesindar§o batitédy, da&pancadhode
bi nder '
active material, a composite metal oxide of Li and a
transition metal (such as Co, Ni, Mn, and Fe), énd a
composite metal oxide of Li, a transition metal and a
5 non-transition metal can be used. Examples of com-
posite metal oxides include a lithium-containing com-
posite metal oxide having a lamellar structure and
having the ability to electrochemically intercalate and
deintercalate Li idné. Examples of lithium-containing
10 - composite metal oxides include LiCoO, as disclosed in
'Unexamined Japanese Patent Application Laid-Open Speci-
fication No. 55-136131 (corresponding to U.S. Patent
No. 4,357,215); leNino(l_Y)Oz wherein O ¢ x ¢ 1, and
0 ¥y £ 1, as disclosed in Unexamined Japanese Patent
15 Application Laid-Open Specification No. 3-49155; and
Li Mn,0, wherein O g x g 1.

These compounds can be easily obtained by a calci-
nation reaction of a lithium compound, such as- lithium
hydroxide, lithium oxide, lithium carbonate, lithium

20 nitrate or the like, with a metal oxide, a metal hy-
droxide, a metal carbonate, a metal nitrate or the like
and, if desifed, with other metal compounds.

In the lithium ion secondary battery, as an anode

active material, a carbonaceous material, such as a

25 coke, a graphite, and an amorphous carbon, can be used.



(LiCogerr]/lamellar graphite/acetyl ene bl ack/fl uororubber weight ratio:
100/ 2.5/2.5/1.96) were m xed in a m xed sol vent of ethyl acetate and ethyl
cel l osolve (ethyl 25 acet'ate/ ethyl cellosolve volunme ratio: 1/3) to
t her eby 48 obtain a slurry for coating. The obtained slurry was applied
to one surface of alumnumfoil 1la (a curref collector) having a

t hi ckness of 15 pm followed by drying. The Tesultant coated al um num foi
was pressed 5 by neans of a calender roll, to thereby obtain positive

el ectrode 11 havi age88pbeelhBhitAbhkdC 2hRBeRatebltCnARERLRE! may be in

various forms, such as crushed particles, lamellar
particles and spherical particles. With respect to the
type of carbonaceous material, there is no particular
5 limitation, and various types of carbonaceous materials

can be used. Examples of carbonaceous materials in-
‘clude a carbon or graphite matefial having a large
surface area as disclosed in Unexamined Japanéée Patent
Application Laid-Open Specification No. 58-35881

10 ' (corresponding to U.S. Patent No. 4,617,243), a calci-
nation—carbonized product of a phenolic resin énd the
like as.disclosed in Unexamined Japanese Patent Appli-
cation Laid-Open Specification No. 58-209864, and a
calcination-carbonized product 6f a condensed polycy-

15 clic hydrocarbon compound as disclosed in Unexamined
Japanese Patent Application Laid-Open Specification No.
61-111907 (corresponding to U.S. Patent No. 4,725,
422).

With respect to the non-aqueous electrolytic

20 ligquid used in the lithium ion.secondéry battery, there
is no particular limitation. The non-aqueous electro-
lytic liquid can be prepared by dissolving the electro-
lyte as mentioned below in an organic solvent. Exam-
ples of electrolytes include LiClO4, LiBF4, LiAsFg,

25 CF3SOgLi, (CF3SOg3)oN-Li, LiPFg, LiI, LiAlCl,, NaClOg4,



| ayer 11b. (Negative el ectrode) A needle coke as a negative active
material, 10 carboxynet hyl cellul ose as a di spersing agent and a
styrene-but adi ene | atex as .a binder (needl e coke/car- boxynethyl '
cel l ul ose/ styrene-but adi ene | atex weight ratio: 100/0.8/2.0) were mxed in
purified water to thereby obtain a slurry fog;coating. The obtained 15
slurry was applied to one surface of copper toil 12a (a current coll ector)
having a thickness of 18 [err]m fol- lowed by drying. The resultant coated

ne0at 1 ve el ectroBe T Man g 2d D Ch A ot g A el
| ayer 12b. preferred that the concentration of the electrolyte in
the organic electrolytic liquid is from about 0.1 to
about 2.5 mol/liter. Examples of organic solvents
5 include ethers, ketones, lactones, nitriles, amines,
amides, sulfur compounds, chlorinated hydrocarbons,
esters, carbonates, nitro compounds, phosphoric ester
compounds and sulfolane compounds. Among the above-
mentioned organic solvents, ethers, ketones, nitriles,
10 " chlorinated hydrocarbons, carbonates and sulfolane
- compounds are preferred, and cyclic carbonates are
especially preferred. Reéresentative examples of
cy;lic qarbonates include tetrahydrofuran, 2-methylte-
" trahydrofuran, 1,4-dioxane, aniéél, monoglyme, acetoni-
15 trile, propionitrile, 4-methyl-2-pentanone, butyroni-
trile, valeronitrile, benzonitrile, 1,2-dichloroethane,
7 ~butyrolactone, dimethoxyethane, methyl formate,
propylene carbonate, ethylene carbonate, diethyl car-
bonate, dimethyl carbonate, methyl ethyl.carbonate,
20 vinylene carbonate, dimethylformamide, dimethylsulfox-
| ide, dimethylthioformamide, sulfolane, 3-methylsulfo-
lane, tfimethyl phosphate, triethyl phosphate, and
mixtures thefeof. The organic solvents usable in the

present invention are not limited to those which are

25 mentioned above.



(Aggregate formof particles of an insulating sub- stance) An aggregate
formof particles of an insulating substance was prepared by the nethod
descri bed bel ow 25 using the materials described, bel ow. 49
(Materials used) Particles of an insulating substance: Particles of
a-Al[err]derr] having an average particle dymaneter of 0.5 [err]m 5

Bi nder: A fluororubber (Mraflon, manufactured

With respect to a noﬁ—aqueous battery, such as the
above-mentioned lithium ion secondary battery, the non-
aqueous liquid used therein has a poor ion conductive
property. Therefore, for the purpose of improving the

5 efficiency of ion conduction between the positive
electrode and the negative electrode, the conventional
non-aqueous battery has a construction in whiéh a
plurality of unit cells as shown in Fig. 1(A) are
laminated, or a cﬁnstruction in which a unit cell as

10 i-shown in Fig. 1(A) is spirally wound into a spirally

" wound structure. The above-mentioned unit cell as

shown in Fig. 1(A) comprises: positive electrode 11
comprising current collector foil 1lla (for the positive
electrode) having both surfacesifhereof coéted with |

i5 respective cathode active material layers llb, 11b;
negative electrode 12 comprising current collector foil
12a (for the negative electrode) having both surfaces
thereof coated with respective anode active material
layers 12b, 12b; and resin film separator 13 disposed

20 between cathode active material layer 1l1lb and anode
active material layer 12b. As already mentioned above,
the use of resin film separator 13 has the following
disadvantage; Since resin film separator 13 needs to
be handled as an independent film during the production

25 of the battery, the separator needs to have high me-



and sold by Asahi Chem cal Industry Co.,LTD., Japan). Solvent: A niked

sol vent of ethyl acetate and ethyl cellosolve (ethyl acetate/ethyl

cell osol ve volume ratio: 1/3). 10 (Preparation nmethod) A fluororubber
(Mraflon) was dissolved in a mxed solvent of ethyl acetate and ethyl
cellosolve to obtain a solution having a fl gy orubber content of 4.3 % by
wei ght. Then, to the obtained fluororubber solution 15" wer e added
particles of a-Al1203 to obtain a slurry having a solids content of 45.3 %
by wei ght. Using gndAatéal btadagthhsoohkatoedveidrbyeabagappfi the sepa-

: : . s PPE1 T
predeterm ned uni formthickness, to the surface of cathode active materi al
| ayer 11b of. posi taterefiacingdeéhe handling thereof. Therefore, the

resin film separator needs to have a relatively large
thickness so as to achieve high mechanical strength,

5 and it is difficult to use a resin film separatof
having a thickness of less than 25 pm in a battery.
When such a separator having a relatively large thick-
ness is used in.the.above—mentioned non-aqueous battery
having a construction as mentioned above, the amount of

10 " the active materials which can be accommodated in the
battery per unit volume thereof becomes small due to
the relatively large thickness of the separator. In
contrast, when the porous separator used in the present
invention is employed for producing a non-aqueous

15 battery héving a construction as mentioned above in-
stead of resin film separator 13, it becomes possible
to obtain a high performance battery, in which the
amount of active materials which can be accommodated in-
the battery per unit volume thereof is markedly in-

20 creased and the ion conduction between the positive
electrode and the negativé electrode is markedly im-
proved. Furthef, the above-mentioned conventional non-
aqueous battéry, in which the resin film separator is

used, is also disadvantageous'in that the resin film

25 separator which is a relatively expensive component



20 11, followed by drying in an oven at 120 [err]C for 15 mnutes, to
t hereby obtain separator 13A, wherein separator 13A was conposed of a |ayer
of an aggregate formof particles of [err]-A[err](err], and was directly
formed, in an immobilized form on cathode active material 25 | ayer
11b. Separator 13A had a porosity of 52 % g}he 50 porosity was
nmeasured by neans of a nercury porosineter (manufactured and sold by

Shi madzu Corp., Japan) with respect to a sanple separator prepared in

substantial ly the s@ify N efomSomndn €4 co I R 5d t €8 PInsePar 66 dse lidded in
a large amount, éo that the production cost for the
battery inevitably becomes high. On.the other hand,
the porous Separator used in the present invention can
5 be obtained at low cost. Therefore, by the use of the
porous separator used in the present invention, it
becomes possible to produce the above-mentioned high
.performance battery at low cost.
With respect to the metﬁod for producing the
10 ' porous separator used in the present invention, there
ié no particular limitation. The porous separator can
be produced, for example, by the method described below
with reference to Fig. 2. Separator 13A can be pro-
duced by a method comprising fofﬁing cathode active
15 material layers 11lb and 1llb on both.surfaces of current
collector foil llé for a pbsitive electrode by a con-
'véntional method, to thereby obtain positive electrode
11; forming a layer of an aggregate form of particles
of at least one insulating substance on the surface of
20 each cathode active material layer 11b, which layer of
the aggregate form. of particles serves as separator
13A. Specific'examples of methods for forming separa-
tor 13A inclﬁde a method in which particles of at least
one insulating substance are uniformly coated on the

25 surface of each cathode active material layer 11b, fol-



5 except that the sanple separator was forned on a dish made of an
alum num foil and then, the obtained sanple separator was peeled off from
the disH. Positive electrode 11 having separator 13A (which was directly
formed, in an immobilized form on cathode 10 active material |ayer
11b) was fabricated so as to have a surface ggea of 1.5 cmx 1.0 cm
Negative el ectrode 12 was fabricated so as to have a surface area of 1.55
cmx 1.05 cm- (These surface areas are of the face-to- face surfaces of

both el ectrodes.) 1wed by bonding&he !fi-tl1aieh P tdureFRiec G arstsheet
and the obtai ned negative el ectrode sheet were conbined so that cathode

active material | aythddd =deh v ateteaciidly claydrerlill Yyaymgans? wfive ecalrr anged
in a positional rel a-
press, to thereby form a layer of an aggregated form of
particles, which serves as separator 13A; and a method
5 in which a dispersion of a mixture of particleé of at

least one insulating substance and -a binder for the
particles in a dispersion medium is uniformly coated in
a - predetermined thickness on the sufface of each
cathode active material léyer 11b, followed by heating

10 " the coated dispersion to remove the dispersion medium
by evaporation, to thereby'form a layer of an aggregate
form of particles which serves as separator 13A. In
the case of the above-mentioned method in which a
dispersion of the mixture of-pafticles of at least one

15 insulating substance and a binder is used, there is no
particular limitation with respect to the dispersion
medium as long as the following three requirements are
satisfied; that is, (i) the particles of at least one
insulating substance be insoluble in the dispersion

20 medium, (ii) a binder for the particles be soluble in
the dispersion medium, and (iii) the dispersion medium
can be evaporated by heating at an appropriate tempera—
ture. Exampies of dispérsion media iﬁclude ethyl
acetate, ethylene glycol monoethyl ether (2-

25 ethoxygthanol), l-methyl-2~pyrrolidone (NMP), N,6N-



tionship opposite to each other through separator 13A-20 formed on
cat hode active material |ayer 11b, to thereby obtain 'a sanple unit cel
havi ng a' structure as shown in Fig. 7(a). (Exanple 1-A). In the obtained

sanple unit cell, the thickness of separator 13A was 25 pm Another sanple
unit cell having a structure as 25 showg in Fig. 7(b) was obtained in
substantially the 51 sane manner as in Exanple 1-A, except that

separator 13A was also formed on anode active material |ayer 12b. (Exanple
1-B) In the obtai nethearipl forahide! { DIF ) [l @imethyl sulfoxide (DMSO),

tetrahydrofuran (THF) and water. With respect to the
time and temperature for the removal of the dispersion
medium by heating, there is no particular limitation,

5 as long as the particles of the'insulating substance
are not deformed or melted. However, the removal of'_
the dispersibn medium by heating is generally conducted
at a temperature of from 50 to 200 °C for 5 to 30
minutes. Further, with respect to the solids (parti-

10 ' cles of the insulating substance) content of the above-
"mentioned dispersion, there is no particular limita-
tion. However, it is preferred that the solids content -
is from 40 to 60 % by weight, based on the weight of
the dispersion. =

15 _ The porous separator obtained by the above-men-
tioned methods, in which the morphology of éach of thé
particles constituting the aggregate form thereof is
the same as that before the particles are fabricated
into the aggregate from thereof, is fundamentally d4dif-

20 ferent from a separator obtained by a method in which
particles of an insulating substance are heated to
thereby melt-bond (sinter) the particles to each other.
In the preseht invention, each of the particles consti-
tuting the aggregate form.thereof maintains its origi-

25 nal morphology (i.e., the morphology of the particle



7(b), the total thickness of the separators respective- 5 ly formed
on cathode active material layer 11b and on anode active material |ayer 12b
was 50 pm Each of the obtained sanple unit cells was imersed in an
electro- lytic liquid which had been prepared by dissolving LiBF4 in a
m xed sol vent of propyl ene carbonate (PC), 187 et hyl ene carbonate (EC)
and [err] -butyrolactone ([err] -BL) (PG EC [err]-BL volume ratio: 1/1/2,
and Li BF4 concentra- tion: 1.0 nol/liter), and the charge/discharge cycle
test was conduct ehafitsi®y tHee fa¥riRutigre @FlitHe aryiGlasge/mics dher gggre-
condi tions) 15 Tenperature : 25 [err]C (1st cycle) Charge
The char gi ng oper ajatwd Wasrne crhibreice), in which the particles are not
melt-bonded to each other and no chemical bond is
formed between the particles.
5 When a unit cell having a structure as shown in
Fig. 2 (which comprises a positive electrode having
separators 13A, 13A on both sides thereof, and a nega-
tive electrode formed of a current collector l2a having
anode active material layers 12b and 12b on both sides
10 " of current collector 12a) is used in the battery of the
present invention, for example, such a unit cell can be
used in the form of a spirally wound structure in which
the unit cell is spirally wound so that the negative
electrode of the wound unit celi is positioned on the
15 side of the outer surface of each wind of the spirally
wound structure, or in the form of a laminate structure
'in which a plurality of the unit cells are laminated so
that each positive electrode 11 is positioned opposite'
to negative electrode 12 through separator 13A (i.e.,
20 in this laminate structure, each separator 13A is
disposed between positive electrode 11 and negative
electrode 12, wherein two opposite surfaces of the
separatdr faée cathode active material layer 11b and

anode active material layer 12b, respectively).

25 As already mentioned above, with respect to sepa-



for 8 hours, in which the operation was started at a current density of 1.0
mA/ cn? and, after the voltage of 20 the unit cell becane 4.2 V, the
current density was controlled so as to naintain the voltage at 4.2 V.
Di scharge: The di schargi ng operation was conducted at a current density of
1.0 mAMcnferr] {corresponding to 1/3C, wher28n C indicates the discharge
rate (1. 0OC 25 corresponds to a discharge current at which a fully
52 charged battery can conplete discharging in 1 hour)} until the voltage
of the unit cel| rs&exmd3A Asyshown in Fig. 2, which is directly formed,
in an immobilized form, on the active material layer of
the electrode{ such a separator need not be handled as
an independent film during the production of a battery.
5 Therefore, the separator may have an extremely small
thickness, and the lower limit of the thickness of fhe-
separator is not particularly limited as long as a
predetermined porosity of the separator can be achieved
and maintained, and occurrence of shdrt—circuiting can
10 . " be prevented. Separator 13A having an extremely small
thickness can be obtaiﬁed by using particles of the
insulating substance having an appropriate average
particle diameter. For example, by using particles of
the insulafing substance; which'have an average parti-
15 cle diameter of 1 pm or less, separator 13A having a
thickness of from 5 to 10 pm and a porosity of about 60
% can be obtained.
Further, in the case of the above-mentioned sepa-
rator 13A which is obtained by using a mixture of a
20 bihder and thé particles of insulating substance, and
which is directly formed, in.an immobilized form, on
the surface of an active material layer of an elec—.
trode, such a separator has high flexibility so that it

continues to be stably positioned on the active materi-

25 al layer of the electrode without suffering slippage



(2nd to 15th cycl es) Charge The charging operation was conducted for 6
hours, in which the operation was started at a current density of 1.0

md cnferr] and, after the voltage of the unit cell becane 4.2 V, the
current density was controlled so as to naintain the voltage at 4.2 V.

Di scharge: The di scharging operation was conggcted 10 at a current
density of 1.0 mdcnferr] (corresponding to 1/3C) until the voltage of the
unit cell becane 2.7 V. (16th and 17th cycl es) Charge . The charging
operation was condudtied wWhiepradiritdinn alf \a Hattzaye camdid iienadanta-t he
2nd 15 to 15th cycles. Discharge: The dischargi ng operati on was
conduct ed geous from the viewpoint of the efficiency in the

production of a battery. It is difficult to obtain a
separator having such high flexibility by a convention-
5 al technique, for examéle, by a method in which the
particles of the insulating substance are melt-bonded
(sintered) to.each other to form a separator.
Next, in drder to illustratively show the con-
struction of the battery of the present invention, an
10 'jexplanatipn is made below about various embodiments of .
the-présent invention with reference to Figs. 2 to 6.
The unit cell shown in the above-mentioned Fig. 2,
has a structure in which separators 13A, 13A are
formed, in an immobilized form,.bn the respective
15 cathode active material layers 11lb, 1llb which are
| formed on both surfaces of current collector foil 1lla
for positive electrode 11. Alternatively, the battery
of the present invention may comprise a unit cell
having a structure as shown in Fig. 3, in which separa-
20 tors 13B, 13B are formed, in an immobilized form, on
the respective anode active material layers 12b, 12b
which are formed on both surfaces of current collector
foil 12a for'negative electrode 12.
Further, the battery.of the present invention may

25 comprise a unit cell having a structure as shown in



at a current density of 3.0 mdcnR (corresponding to 1.0C) until the

vol tage of the unit cell becane 2.7 V. (18th cycle) 20 Char ge
The chargi ng operation was conducted under substantially the sane
conditions as in the 2nd to 15th cycles. Discharge: The discharging
operation was conducted under substantially gde same conditions as in-the
2nd 25 to 15th cycl es. 53 (19th cycle)

Fig. 4, in which separators 13A, 13B are respectively
formed, in an immobilized form, on one of the two
cathode active material layers 11b, 11b which are
formed on both surfaces of current collector 1lla for
5 positive electrode 11, and on one of the two anode

active material layers 12b, iZb which are formed on
bofh surfaces of current collector 12a for negative
electrode 12, wherein cathode active material layer 11b
(having separator 13A formed thereon) and anode active

10 "material layer 12b (free of separator) are arranged
opposite to each other through separator 13A.

Further, the battery of the present invention may

domprise a unit cell having a structure as shown in
Fig. 5, in which separators 13A;.13A'are formed, in-an

15 ~immobilized form, on the respective cathode active
material layers 11b, 1l1lb which are formed on both
surfaces of current col;ector 11la for positive elec-
trode 11;'separators 13B, 13B are formed, in an immobi-
lized form, on the respective anode active materia1

20 . layers 12b, 12b which are formed on both surfaces of
currenf coliector 12a for negative electrode 12, where-
in éither of cathode active material layers 11b, 11b
and either of anode active material layers 12b, 12b are
arranged opposite to each other through separators 13A

25 and 13B to thereby form unit cell 1. In this instance,



Char ge . The charging operation was conducted under substantially the
sanme conditions as in the 2nd to 15th cycles. 5 Di scharge: The
di schargi ng dperation was conducted at -a current density of 6.0 mA/cnR
(corresponding to 2.0C) until the voltage of the unit cell becane 2.7 V.
Wth respect to each of the sanple unit cellgy the discharge capacity

|l owering ratio (% between the 15th 10 cycle and the 16th cycle and
t he di scharge capacity lowering ratio (% between the 18th cycle and the

19th cycle were calwdllstfiratRnsdl 130 aresshovsndd Giblthd rdaimaetd ve
Exanple 1 15 Sanmpl e unit cells each having a structure as shown
in Fig. 1(B) was peftasds sstive Imaerial layers 1lb, 1llb which are
formed on both surfaces of current collector 1lla for
positive electrode 11) may be the same or different,

5 and two separators 13B, 13B (formed on the respective
anode active material layers 12b, 12b whiéh afe formed
on both surfaces of current collector 12a for negative
electrode 12) may be the same or different. The battery
comprising the unit cell having a structure as shown in

10 ' Fig. 5 has a double-separator structure (comprised of
- separators 13A, 13B) formed between the cathode active
material layer and the anode active material layer.
Therefo;e, such a battery is especially advantageous
for the following reason. Even-ﬁhen either or each of
is separator 13A and separator 13B of the above-mentioned
double-separator structure suffers from pin hole phe-
nomenon (i.e., a phenomenon in which holes extending
along the thicknesswise direction of a sepafator are
formed), by virtue of the above-mentioned double-sepa-
20 rator structure, there is almost no probability that a
hole formed in one of the two separators communicates
to a hole formed in the other of the two separators to
form a through-hole extending through both' of the two

separators. Therefore, the above-mentioned battery is

25 substantially free from the danger of occurrence of a



Positive electrode 11 and negative el ectrode 12 were individually obtained
I n substantially the sanme manner- as in Exanple 1. Positive el ectrode 11 and
20 ‘ negative electrode 12 were fabricated so as to have a surface area
of 1.5 cmx 1.0 cmand a surface area of 1.55 cmx-1.05 cm respectively.
(These surface areas are of the face-to-facegpurfaces of both electrodes.)
Then, the obtained positive el ectrode sheet, the ob- 25 t ai ned
negati ve el ectrode sheet and separator 13 (a 54 m croporous pol yet hyl ene

(PE) filmhaving anbbikckleesiting between cathode active material layer

11b and anode active material layer 12b.

Further, the battery of the present invention may
comprise a unit cell having a structure as shown in

5 Fig. 6, in which separator 13C is formed, in an immo-

bilized form, on both of cathode active material layer
11b and anode active material layer 12b. Examples of
methods for producing separator 13C includef

a method comprising:

10 ' : cpating a dispersion of a mixture of particies of
én insulating substance and a binder for the particles
in a dispersion medium on the surface of an active
material layer of an electrode seiected.from the posi-
tive electrode and the negative.électrode,

15 immediately after coating the surface of the
active layer with the dispersion, laminating the re-
sultant electrode (having the active material layer -
thereof coated with the dispersion) to the remaining
other electrode so that.thé cathode active material

20 layer and the aﬁode active material layer are arranged
opposite to each other through the above-mentioned:
coated dispersion, and |

remqving, by évaporation, the dispersion medium by
heating, so that separator 13C is formed, in an immo-

25 ._ bilized form, on both of the cathode active material



of 25 pmand a porosity of 48 % were conbined so that cathode active
material |ayer 11b and anode active material |layer 12b were arranged in a
positiohal rela- 5 tionshi p opposite to each other through separator
13, to thereby obtain a sanple unit cell having a structure as shown in
Fig. 1(B). (Conparative Exanple 1-A) Anothergganple unit cell was obtained
in substan- tially the same manner as in Conparative Exanple 1-A 10
except that use was made of a m croporous PE filmhaving a thickness of 34

pm and a porositylefe@3affaagheepababoactive( makpetiali Yaybxanpl e 1-B) The
porosity of each of the above-nentioned m - croporous PE filns was
cal cul ated by the foll avmeghd8 comprikangl a:
coating the above-mentioned dispersion on the
surface of an active material layer of an electrode .
5 selécted from the positive electrode and the negative
electrode, |
drying the coated dispersion to form a separator
layer on the active material layer,
laminating the electrode having the active materi-
10 " al layer (on which the sepérator layer is formed) to
- the remaining other electrode so that the cathode
active material layer and the anode active material
layer are arranged opposite to each other through the
separator layer, to thereby obtéin a laminate structure
15 comprised of the positive electrode, the negative
electrode and the separator layer disposed between the
positive electrode and the negative electrode;
and
pressing the obtained laminate structure by means
20 bf-a hot press under temperature conditions ét which
| the binder for the parficles can be melted, so that
separatof 13C is forméd,'in an immobilized form, on
both of the cathode active material layer and the anode
active material layer; and |

25 a method comprising:



Porosity = (total volune of pores in.the mcroporous filmvolunme of the

m croporous filn) x 100 wherein the total volunme of pores is the value 20
obt ai ned by Subtracting the weight of the mcroporous filmin the dry state
thereof fromthe weight of the mcroporous firlmin the wet state thereof
whi ch the mcroporous filmis inpregnated wigfHh water. 25 Each of
the obtained sanple unit cells was im ~ 55

10

15

20

25

coating the above-mentioned dispersion on the
surface of an active material layer of an electrode
selected from the positive electrode and the negative
electrode,

drying the coated dispersion to forﬁ a separator
layer on the active material layer, |

coating a solvent, which is capable of dissolving
the above-mentioned binder, on the Separater layer,

laminating the electrode having the active materi-

" al layer (on which the separator layer is formed) to

" the remaining other electrode so that the cathode

active material layer and the anode active material
layer are arranged opposite to each other through the
separator layer, to thereby obtein a laminate structure
comprised of the positive electrode, the negative
electrode and the separator layer disposed between the
positive electrode and the negative electrode;
and

pressing and heating the obtained laminate struc-
ture, so that separator 13C is formed, in an immo-
bilized form, on both of the cathode active material
layer and the anode active material layer.

In the battery of the present invention, as shown

in Figs. 2 to 6, the unit cell may comprise a plurality

of cathode active material layers and a plurality of

in



mersed in the sanme electrolytic liquid as in Exanple 1, and the
charge/ di scharge cycle test was conducted under the sanme conditions as in
Exanpl &€ 1. Wth respect to each of the obtained sanple unit cells, the

di scharge 5 capacity lowering ratio (% between the 15th cycle and the
16th cycle and the discharge capacity |owergdlg ratio (% between the 18th
cycle and the 19th cycle were cal cul ated. Results are shown in Table 1. 10
15 20 25 ' '

anode active material layers. Alternatively, as shown
in Figs. 7(a) to (c¢) (which are referred to in the
Examples below), the unit cell may comprise a single
cathode active matérial layer and a single anode active
5 material layer, and such a unit cell may be used in the
form of a laminate structure in which a plurality of
unit célls are laminated, or in the form of a spirally
wound structure in which a unit cell is spirally wound.
With respect to the méthod for producing the bat-
10 ' tery of the preseﬁt invention, there is no particular
| limitation. However, as a preferred example of methods
for producing the battery of the present invention,
there can be mentioned a method comprising:
(1) individually providing.é positive electrode
15. comprising a cathode active material layef and a nega-
tive elecfrode comprising an anode active material
layer;
(2) coating a dispersion of a mixture of particles
of an insulating substance and a binder for the parti-
20 cles in a dispersion medium on at least one active
material layer selected from the group consisting of
the cathode active material layer and the anode active
material layér;
(3) removing, by evaporation, the dispersion

25 medium of the dispersion coated on the at least one



56 [err] 57 As can be seen from Table 1, the sanple unit cell obtained
in Exanple 1-A had a markedly small di scharge capacity |owering ratio (%
between the 18th cycle (in which the discharge current density was 1/30C)
and the 5 19th cycle (in which the discharge current density was
1.0C), as conpared to the sanple unit cell ofgained in Conparative Exanple
1-A in which the separator used had

active material layer to form a layer of an aggregate
of_the particles, wherein the particles are bound

-together by means of the binder, thereby providing a
porous separator formed directly, in an immbbilized_

5 form, on the at least one active material layer, wher-
ein the layer of an aggregate form of particles has a
three dimensional network of voids; and

(4) disposing the positive electrode and the
negative eiectrode, at least one of which has the
10 ' porous separator formed on the active material layer
' thereof, in a casing so that the cathode active materi-
al layer and the anode active material layer are ar-
ranged qpposite to éach other thrdugh the porous sepa-
rator formed on the at least oné active material layer,
15 operatively with'an electrolyte contained in the cas-

ing.

20

25



t he sane thickness as that of the separator used in Exanples 1-A That is,
the battery of the present 10 I nvention has inproved di scharge
characteristics at a high current density, which are superior to those of a
battery using a conventional mcroporous PE filmsepa- rator. The reason
for this is presuned to be as fol- |lows. Theseparator used in the present
I nvention, 15 whi ch conprises a | ayer of an aggregate form of parti-
cles of at |east one insulating substance, has a unique pore structure in
whi ch the norphol ogy of (EESTPMODE FOR [CXREVING idUT ITHE QINVENTJON €
di aneters are different fromthose of the conventional m croporous PE film
20 separ at or, ‘anHeréénbbhue; Mehei pregdenti fneepvienswiild- beude-~of the
separator used in the present invention is

scribed in detail with reference to the following

Examples and Comparative Examples, which should not be
'5 construed-as limiting the scope of the present inven-

tion.

Example 1

Using sample unit cells each héving a structure as
10 "shown in Fig. 7(a), the charge/discharge cycle charac-
tefistics of the battery of the present invention were
examined.
Sheet electrodes were individually produced as-
follows; o
15 (Positive electrode)
LiCoO, as a cathode active material, a 1amellar
graphite and acetylene black, each as a filler, and a
fluororubber (a copolymer of vinylidene fluoride,
hexafluoropropylene and tetrafluoroethylene: manufac-
20 tured and sold, under the tradename "Miraflon", by
Asahi Chemical Industry Co., LTD., Japan) as a binder
(Licooz/lamellar graphite/acetylene black/fluororubber
weight ratio: 100/2.5/2.5/1.96) were mixed in a mixed
solvent of ethyl acetate and éthyl cellosoclve (ethyl

25 ~ acetate/ethyl cellosolve volume ratio: 1/3) to thereby



nore effective for achieving a high ion conductive property than the pore
structure of the above-nentioned conventional separator. It -is presuned
that, due to 25 such a high ion conductive property of the separator,
58 the sanple unit cell using the separator used in the present invention
exhi bits inproved di scharge charac- teristi@® at a high current density.
This can be confirnmed by the fact that the sanple unit cell ob- 5
‘tained in Exanple 1-B (which had a separator having a thickness which is
much | arger t han ¢bibtstnod shersgpfier coating. The obtained slurry was
applied to one surface of aluminum foil 11a-(a current
collector) having a thickness of 15 pm, followed by
drying. The resultant coated aluminum foil was pressed
5 by means of a calender roll, to thereby obtain positive
electrode 11 having 88 um-thick cathode active material
layer 11b.
(Negative electrode)
A needle coke as a negative active material,

10 ' carboxymethyl cellulose as a dispersing agent and a
styrene-butadiene 1ate# as a binder (needle coke/car-
boxymethyl cellulose/styrene-butadiene latex weight
ratio: }00/0.8/2.0) were mixed in purified water to
thereby obtain a slurry -for coafing. The obtained

15 slufry was applied fo one surface of copper foil 12a (a
current collector) having a thickness of 18 um, fol-
lowed by drying. The resultant coated copper foil was
pressed by means of a calender roll, to thereby obtain
negative electrode 12 having 124 um-thick anode active

20 material layer 12b.

(Aggregate form of particles of an insulating sub-
étance) |
An aggrégate form of particles of an insulating

substance was prepared by the method described below

25 using the materials described below.



rators respectively obtained i'n Conparative Exanples 1- A and 1-B),
exhi bi ted excel |l ent discharge characteris- tics, as conpared to the sanple
unit cel'ls réspectively 10 obt ai ned in Conmparative Exanples 1-A and
1-B. Further, the sanple unit cell obtained in Exanple 1-A has a narkedly
smal | discharge capacity lowering ratio (% Retween the 18th cycle (in
whi ch the dis- charge current density was 1/3C) and the 19th cycle (in 15
whi ch the di scharge current density was 2. 0C), as conpared to the sanple
unit cell obtai neqMdtdzamlay arsdd e Exanpl e 1-B which had a porosity which
I's higher than that of the separator used in the sanple unit cell of
Exanpl e 1-A and had a Ehnﬂ@umﬁs\Mﬁ(Hn|xhéumaxmngiﬁubéﬁhnce. Rawttiaifes he
separator used in the unit cell of Exanple

of a-Al,05 having an average particle diameter of 0.5

pm.
5 Binder: A fluororubber (Miraflon, manufactured
and sold by Asahi Chemical Industry Co.,LTD., Japan).
Solvent: A mixed solvent of ethyl acetate and
ethyl cellosolve (ethyl acetate/ethyl-cellosél&e volume
' ratio:.1/3).
10 '-(Preparation method)
A fluororubber (Miraflon) was dissolved in a mixed
solvent of ethyl acetate and ethyl cellosolve to obtain
a solution having a fluororubber content of 4.3 % by
weight. Then, to the obtained fiﬁororubber solution
15 were added particles of a-Al,03 to obtain a slurry
having'a solids content of 45.3 % by Weight; Using a
doctor blade, the obtained slurry was applied, in a.
predetermined uniform thickness, to the surface of
cathode‘active material layer 1llb of positive electrode
20 11, followed by drying in an oven at 120 °C for 15
mingtes, to thereby obtain separator 134, wherein
separator 13A was composed of a layer of an aggregate
form of particles of a-Al,03, and was directly formed,
in an immobilized form, on cathode active material

25 layer 11b. Separator 13A had a porosity of 52 %. The



1-A. The reason for this is as follows. Al though the separator used in the
sanple unit cell of Exanple 1-A had a porosity which is |ower than that of
the conven- tional separator used in the sanple unit cell of Com 25
parative Exanple 1-B, the separator used in the sanple 59 unit cell of
Exanpl e 1-A had a thickness which is nmuch sngdler than that of the
conventional separator used in the sanple unit cell of Conparative Exanple
'1-B (which necessarily has a large thickness so as to avoid break- 5

age of the separapgroditiNgabhmeBandbingyt heafsf pf aDM@rcury porosimeter
(manufactured and sold by Shimadzu Corp., Japan) with
respect to a sample separator prepared in substantiélly
the same manner as in the preparation of separator 13A,
5 ' éxcept that the sample separator was formed on a dish
made of an aluminum foil and then, the obtained sample
separator was peeled off frpm the dish.
Positive electrode 11 having separator 13A (Which
was directly formed, in an immobilized form, on cathode

10 " active material layer 11b) was fabricated so as to have

"a surface area of 1.5 cm x 1.0 cm. Negative electrode
12 was fabricated so as to have a surface area of 1.55
cm ¥ 1.05 cm. (These surface areas are of the face-to-
face surfaces of both electrodeé.)

15 Then, the obtaihed positi#e electrode sheef and
the obtained negative electrode sheet were combined so
that cathode active material layer 11b and anode active
material layer 12b were arranged in a positional rela-
tionship opposite to each other through separator 13A

20 formed on cathode active material layver 11b, to thereby
obtain a sample unit cell having a structure as shown
in Fig. 7(a). (Example 1-A) In the obtained sample
unit cell, the thickness of separator 13A was 25 um.

Another sample unit cell having a structure as

25 shown in Fig. 7(b) was obtained in substantially the



to such a snall thickness of the separator, the ion conductive prdperty of
the separator was inproved, so that the sanple unit cell obtained in
Exanpl " 1- A exhi bited i nproved di scharge characteristics at a high 10
di scharge current density. Exanple 2 Using a sanple unit cell having a
structure as shown in Fig. 7(b) and a sanpl eswnit cell having a 15
structure as shown in Fig. 7(c), the charge/discharge cycle characteristics
of the battery of the present invention were exam ned in substantially the
sane nmanner as i nsémenpéanér 8heéh BkempleddsAyeerceptli thdtakepapabduced as
20 ' f0||OMB'13A was also formed on anode active material layer 12b.
(Example 1;B) In the obtained sample unit cell of Fig.
7(b), the total thickness of the separators respectivef
5 ly formed on cathode active material layer 11lb and on
anode active material layer 12b was 50 uym. Each of the
obtained sample unit cells was immersed in an electro-
lytic liquid which had been prepared by dissolving
LiBF, in a miged solvent of propylene carbonate (PC),
10 "ethylene carbonate (EC) and 7-butyrolactone (7-BL)
(PC/EC/ 7-BL wvolume ratio; 1/1/2, and LiBF4 concentra-
tion: 1.0 mol/liter), and the charge/discharge cycle
test was conducted under the following conditions.
(Charge/discharge conditions) .
15 Temperature : 25 °C
(1lst cycle)
Charge : The charging operation was conducted
for 8 hours, in which the operation was started at a
current density of 1.0 mA/cm2 and, after the wvoltage of
20 - the unit cell became 4.2 V, the current density was
‘controlled so as to maintain the'voltage at 4.2 V.
Discharge: The discharging operation was conducted
at a current.density of 1.0 mA/cm2 {corresponding to

1/3C, wherein C indicates the discharge rate (1.0C

25 corresponds to a'discharge current at which a fully

This Sheet Has Been Reilaced
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(Positive electrode) LiCo(Jerr] as a cathode active material, a lamellar
graphite and acetyl ene bl ack, each as a filler, and a fluororubber as a

bi nder (Li Co err]/lanellar 25 gr aphi te/ acetyl ene bl ack/fl uororubber
wei ght rati o: 60 100/2.5/2.5/1.96) were mxed i'n a m xed sol vent of
ethyl acetate and ethyl cellosolve (ethyl acgpate/ethyl cellosolve volune
ratio: 1/3) to thereby obtain a paste for coating. The obtai ned paste was
applied to one 5 - surface of alumnumfoil 1la (a current collector)

charged battery can complete discharging in 1 hour)}
until the voltage of the unit cell became 2.7 V.
(2nd to 15th cycles)
Charge : The charging operation was conducted
5 for 6 hours, in which the operation was started at a
current density'of 1.0 mA/cm2 and, after the voltage of
the unit cell became 4.2 V, the current density was
controlled so as to maintain the voltage at 4.2 V.
Disqharde: The discharging operation was conducted

10 '\at a current density of 1.0 mA/cm2 (corresponding to
1/3C) until the voltage of the unit cell became 2.7 V.
(16th and 17th cycles)

Charge : The charging operation was conducted
under substantially the same coﬁditions as in the 2nd

15 to 15th cycles.

Discharge: The discharging operation was conducted
at a current density of 3.0 mA/cm2 (corresponding to
1.0C) until the voltage of the unit cell became 2.7 V.
(18th cycle)

20 - Charge : The charging operation was conducted
under substantially the same conditions as in the 2nd
to 15th cycles.

Discharge: The discharging operation was conducted
under substantially the éame conditions as in the 2nd

25 to 15th cycles.



having a thickness of 15 [err]m followed by drying. The resultant coated
alum num foil was pressed by neans of a calender roll, to thereby obtain
positive electrode 11 having 87 [err]mthick cathode active material |ayer
10 11b. (Negative el ectrode) A nmesophase pitch carbon fiber graphite
and a lanellar graphite, each as an anode acggve material, carboxynet hyl

- cellulose as a dispersing agent and a 15 | atex as a bi nder (nmesophase
pitch carbon fiber graph- ite/lanellar graphite/carboxynethyl

cel lul ose/l atex weiidih r@&tds) 90/10/1.4/1.8) were mixed in purified. water
to thereby obtain a paste for coating. The obtained paste was applied to
one surface of copper charge : The charging operation was conducted

under substantially the same conditions as in the 2nd
to 15th cycles.

5 Discharge: The discharging operation was conducted
at a current density of 6.0 mA/cm2 (corresponding to
2.0C) until the voltage of the unit cell became 2.7 V.

With respect to each of the sample unit ‘cells, the

discharge capacity lowering ratio (%) between the 15th

10 ' cycle and the 16th cyclé and the discharge capacity
lowering ratio (%) between the 18th dycle and the 19th

cYcle were calculated. Results are shown in Table 1.

Comparative Example 1

15 Sample unit cells each having a structure as shown
in Fig. 1(B) was prepared as follows.

Positive electrode 11 and negative electrode 12
were individually obtainéd'in substantially the same
manner as in Example 1. Positive electrode 11 and

20 negative electrode 12 were fabricated so as to have a
surface area of 1.5 cm x 1.0 cm and a surface area of
1.55 cm x 1.05 cm, respectively. (These surface areas
are of the féce—to—face surfaces of both electrodes.)
Then, the obtained positive electrode sheet, the ob-

25 tained negative electrode sheet and separator 13 {a



20 - foil 12a (a current colfector) having a thickness of 12 [err]m
foll owed by drying. The resultant coated copper foil was pressed by neans

of a cal‘ender roll, to there- by obtain negative el ectrode 12 having 81
pmthick anode active material |ayer 12b. 25 (Aggregate form of
particles of an insulating sub- 61 stancejaAn aggregate form of

particles of an insulating substance was prepared by the nethod descri bed
bel ow using the materials described bel ow

microporous polyethylene (PE) film having a thickness
of 25 um and a porosity of'48 %)} were combined so that
cathode active material layer 11lb and anode active
material layer 12b were arranged in a positional rela-
5 tionship opposite to each other through separator 13,
to thereby obtain a sample unit cell having a structure
as shown in Fig. 1(B). (ComparativelExample 1-A)
Another sample unit cell was obtained in substan-~
tially the same manner as in Comparative Example 1-A,
10 ' except that use was made of a microporous PE film
" having a thickness of 34 pm and a porosity of 63 % as
separator 13. (Comparative Example 1-B)
The porosity of each of the above-mentioned mi-
croporous PE films was calculatéd by the following
15 formula:
quosity = (total volume of pores in the
microporous film/volume of the
microporous film) x 100
wherein the total volume of pores is the wvalue
20 . obtained by subtracting the weight of the
microporous film in the dry state tﬁereof from the
weight of the microporous film in the wet state
thereof.in which the microporous filﬁ is
impregnated with water.

25 Each of the obtained sample unit cells was im-



5 (Materials used) Particles of an insulating substance: Particles of
a- A1203 " havi ng an average particle dianeter of 1.0 [err]m Binder: -

Pol yvi nyl i dene fluoride (PVDF) (KF#1100, 10 - manuf act ured and sol d by
Kureha Chem cal Industry Co., Ltd., Japan). Solvent: 1-nethyl-2-pyrrolidone
(NWP). (Preparation nethod) Particles of a-As[err](Jerr] and particles of
PVDF (a- 15 Al[err]O[err]/PVDF weight ratio: 100/5) were m xed with
each other to obtain a powder m xture. Then, to the ob- tained powder

Bi Xt ur ehwas -addednd¥Mtd 0i @bERE Ns@ns | T srthelytilc Al S@hidisas ot eRkamp1&61 8 %
v wetont and the charge/discharge .cycle test was conducted under
the same conditions as in Example 1. With respect to
each of the obtained sample unit cells, the discharge
5 capacity lowering ratio (%) between the 15th cycle and
| the 16th cycle and the discharge capacity lowering
ratio (%) between the 18th cycle and the 19th cycle

were calculated. Results are shown in Table 1.
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form on cathode active material |layer 11b and anode 5 active materi al
| ayer 12b, respectively. Each of separators 13A and 13B had a porosity of
52% The porosities of separators 13A and 13B were nmeasured by nmeans of a
mercury porosinmeter (manufactured and sold by Shimdzu Corp., Japan) with
respect to sanple sepa- 10 rators pre ed in substantially the sane
manner as in the preparation of separator 13A and the preparation of
separator 13B, respectively, except that each of the sanple separators was

formed on a dish madeagf cah deuSeannrran Tab el AN chBCSLRR10f LinliOBLh R
di sh. 15 Positive el ectrode 11 having separator 13A EMhIC was

directly forned, obtadhedMRDiEafpdel QLM naa bhaathlde stV @ igeharhal
| ayer 11b) was fabricated so as
capacity lowering ratio (%) between the 18th cycle (in
which the discharge current density was 1/3C) and the
5 19th cycle (in which the discharge current density was
1.0C), as compared to the sample unit cell obtained in
Comparative Exémple 1-A in which the separator used had
the same thickness as that of the separator uéed in
Examples 1-A. That is( the battery of the present
10 " invention has improved discharge characteristics at a
“high current density, which are superior to those of a
battery using a conventional microporous PE film sepa-
rator. The reason for this is presumed to be as fol-
" lows. The separator used.in thé.present invention,

15 which comprises a layer of an aggregate form of parti- -
cles of at least one insulating substance, has a unique
pore structure in which the morphology of the pores -and
the distribution 6f the pore diameters are different
from those of the conventional microporous PE film

20 separator, ana the above-mentioned unigque pore struc-
fure of the separator used in the ﬁresent invention is
more effective for achieving a high ion conductive
property thah the pore structure of the above-mentioned
conventional separator. It is presumed that, due to

25 such a high ion conductive property of the separator,



to have a surface area of 1.5 cmx 1.0 cm Negative el ectrode 12 havi ng
separator 13B (which was directly 20 formed, in an immobilized form
on anode’ active materi- al |ayer 12b) was fabricated so as to have a
surface area of 1.55 cmx 1.05 cm (These surface areas are of the
face-to-face surface of both electrodes.) Thejy the obtained positive

el ectrode sheet and 25 t he obtai ned negative el ectrode sheet were

conbi ned so

63 that cathode active material |ayer 11b and anode active

material |ayer 12b¢Mergampiandféti Be®1PQ8ihh08AEL E8pdrator used in the

10

15

20

25

present invention exhibits improved discharge charac-
teristics at a high current density. This can be
confirmed by the fact that the sample unit cell ob-
tained in Example 1-B (which had a separator having a
thickness which is much larger than those of the sepa-
rators respectively obtained in Comparative Examples 1~

A and 1-B), exhibited excellent discharge characteris-

tics, as compared to the sample unit cells respectively

' obtained in Comparative Examples 1-A and 1-B.

- Further, the sample unit cell obtained in Example
1-A has a markedly small discharge capacity lowering
ratio (%) between the 18th cycle (in which the dis-
charge current density was.1/3ci'and the 19th cycle (in
which the discharge current density was 2.0C), as
compared to the sample unit cell obtained in Compara-
tive Example 1-B which had a pbrosity which is higher
than that of the separator used in the sample unit cell
of Example 1-A and had a thickness which is 1arger than
that of the separator used in the unit cell of Example
1-A. The reason for this is as follows. Although the
separator used in the sample unit cell of Example 1-A
had a porosify which is lower than that of the conven-
tional separator used in the sample unit cell of Com-

parative Example'l—B, the separator used in the sample



tionship opposite to each other through separator 13A forned on cat hode
‘active material |ayer 11b and separa-- 5 tor 13B forned on anode active
material |ayer 12b, to thereby obtain a sanple unit cell having a structure
as shown in Fig. 7(b). (Exanple 2-A) In the obtained sanple unit cell, the
total thickness of separators 13A and 13B rggpectively forned-on cathode
active material 10 | ayer 11b and anode active nmaterial |ayer 12b was
25 [err]m Another sanple unit cell was obtained in substan- tially the

sane nmanner as i uf@Ede A ERSR 1Rhdd e HHGHRSSs AhRarhi Sfnuch

separators 13A and 13B was 15 controlled so that the total thickness

of separators 13AndichdB3Bracotist ¥ [id |ddndnwiignsl dParator used in
the sample unit cell of Comparative Example 1-B (which
necessarily has a large thickness so as to avoid break-

5 age of the separator during the handling thereof). Due
to such a small thickness of the separator, the ion
conductive properfy of the separator was improved, so
that the sample uﬁit cell obtained in Example 1-A

exhibited improved discharge characteristics at a high

10 ' discharge current density.

Example 2

Using a sample unit cell having a structure as
shown in Fig. 7(b) and a sample'ﬁnit cell having a
15 structure as shown in Fig. 7(c¢), the charge/discharge
cycle characteristics of the battery of the present
invention were examined in substantially the same
manner as in Example 1.
Sheet electrodes-were individually produced as
20 follows.
(Positive electrode)
LiCo0, as a cathode active material, a lamellar
graphite and‘acetylene black, each as a filler, and a
fluororubber as a binder (LiCQOz/lamellar

25 graphite/acetylene black/fluororubber weight-fatio:



Using positive electrode 11, negative electrode 12 and a slurry (which is a
material for the separator) each prepared in the sane nmanner as in Exanpl es
2-A and 20 ° 2-B, still another sanple unit cell having a structure as
shown in Fig. 7(c) was prepared as follows. The above-nentioned slurry was
applied to the surface of cathode active nmaggrial |ayer 11b of positive

el ectrode 11. Subsequently, positive electrode 11 and negative 25

el ectrode 12 were conbi ned so that cathode active - 64 material |ayer 11b
and anode active 100.£2i%/2|5yEl96byere mixed in a mixed solvent of

| ethyl acetate and ethyl cellosolve (ethyl acetate/ethyl
cellosoive volume ratio: 1/3) to thereby.obtain a paste
for coating. The obtained paste was applied to one

5 | surface of aluminum foil 1la (a current collector)
having a thickness of 15 pm, followed by drying. The
resultant coated aluminum foil was pressed by means of
a calender roll, to thereby obtain positive electrode
11 having 87 um-thick cathode active material layer
10 " 11b.

(Negativé electrode)

A mesophase pitch carbon fiber graphite and a
lamellar graphite, each as an anode active material,
carboxymethyl cellulose as a diépersing'agent and a

15 latex as a binder (mesophase pitch carbon fiber graph-
ite/lamellar graphite/carboxymethyl cellulose/latex
weight ratio: 90/10/1.4/1.8) were mixed in purified.
water to thereby obtain a paste for coating. The
obtained paste was applied to one surface of copper

20 foil 12a (a current collector) having a thickness of 12
pm, followed by drying. The resultant coated copper
foil was preésed by means of a calender roll, to there-~

by obtain negative electrode 12 having 81 pm-thick
anode active material layer 12b.

25 (Aggregate form of partidles of an insulating sub-



were arranged in a positional relationship opposite to each other through

the slurry coated on cathode active material |ayer 11b,
to renove, by 5 evaporation, the solvent contained
t hereby obtain a | am nate structure in which separator

fol l owed by drying
in the slurry, to
13C was directly

formed, in an immbilized form on each of @athode active material |ayer

11b and anode active material |ayer 12b. The |am nate structure was 10
fabricated so as to have a surface area of 1.5 cmx 1.0 cm to thereby
.obtain a sanpl e usténee)! having a structure as shown in Fig. 7(c).

(Exampl e 2-0C)

i m

10

15

20

25

In the obtained sanple unit cell,
13C was 25 [err]m 15 An aggregatacfooh ¢oficpabtiches cbnpheinsilatings was

substance was prepared by the method described below
using the materials described below.
(Materials'used)

Particles of an insulating substance: Particles
of a'AlZQS having an average particle diameter of 1.0
pm.

Binder: Polyvinylidene fluoride (PVDF) (KF#1100,
manﬁfactured and sold by Kureha Chemical Industry Co.,
Ltd., Japan).

Solvent: 1l-methyl-2-pyrrolidone (NMP).
(Preparation method)

Particles of a-Al,05 and pafticles of PVDF (a-
A1203/?VDF weight ratio: 100/5) were mixed with each
other to obtain a powder mixture. Then, to the ob-
tained powder mixture was added NMP to obtain a slurry
having a solids content of 56.8 % by weight.

Using a doctor blade,‘the obtained slurry was
applied, in a predetermined uniform thicknesé, to each
of the surface of cathode active material layer 1l1lb of
positive electrode 11 and the surface of anode active
material layér 12b of negative electrode 12, followed
by drying in an oven at 120 °C for 15 minutes, to

thereby obtain separators 13A and 13B, wheréin each of

t he thickness of separator



mersed in an electrolytic liquid which had been pre- pared by dissol ving
LiPF6 in a m xed solvent of ethy- |ene carbonate (EC) and di et hyl ene
carbonat'e (DEC) (EC/ DEC volune ratio: 1/1, and Li PF6 concentration: 1.0 20
nmol/liter), and the charge/di scharge cycle test was conducted under the
~condi t.ions as nentioned below. In ConparativgpoExanple 2, a sanple unit cel
was prepared as follows. Positive electrode 11 and nega- tive el ectrode 12
were individually obtained in sub- 25 stantially the same nmanner as in

- Exanple 2-A and séfarators 13A and 13B was composed of a layer of an
aggregate form of particles of a-Al,03, and separators
13A and 13B were directly formed, in an immobilized
form, on cathode active material layer 1lb and anode

5 active material layer 12b, respectively. Each of
separators 13A and 13B had a porosity of 52 %. The
porosities of separators 13A and 13B were measured by
means of a mercury porosimeter (manufactured and sold

“by Shimadzu Corp., Japan) with respect to sample sepa-

10 rators prepared in substantially the same manner as in
the preparation of separator_léA and the preparation of
separator 13B, respectively, except that each of the
sample separators.was formed on a dish made of an
aluminum foil and then, peeled eff from the dish.

15 Positive electrode 11 having separator 13A (which
was directly formed, in an immobilized form, on the
cathode active material layer 11b) was fabricated so as
to have a surface area of 1.5 cm x 1.0 cm.‘ Negative
electrode 12 having separator 13B (which was directly

20 formed, in an immobilized form, on anode active materi-
al 1ayer 12b) was fabricated so as to have a surface
area of 1.55 cm x 1.05 cm. (These surface areas are of
the-féce—to—face surface of both electrodes.)

Then, the obtained positive electrode sheet and

25 the obtained negative electrode sheet were combined so



Exanpl e 2-B. The obtai ned positive electrode 11 and the obtai ned negative
el ectrode 12 were fabricated so as to have a surface area of 1.5 cmx 1.0
cmand a surfiace area of 1.55 cmx 1.05 cm respectively. (These 5
surface areas are of the face-to-face surface of both el ectrodes.) Then,

t he obtained positive el ectrode sheet and the.obtained negative el ectrode
sheet were conbined so that cathode active ndterial |ayer 11b and anode
active material layer 12b were arranged in a 10 posi ti onal

rel-ati onshi p oppostfget eaERSBe Oaéﬂvé hpQUgP:1 SEPRAGLLT 118 ¥l Conbde factive
m croporous polyethylene (P I m having a thickhess of 25 pmand a

porosity of 36 % xﬁ&téﬁféfbya?éi-ambawéﬁapéﬁraﬁgédCﬂuIahgasﬂﬁlanélrﬂélat ure
as shown in Fig. 1(B). Each of the obtained
tionship opposite to each other through separator 13A
formed on cathode active material layer 1lb and separé-
5 tor 13B formed on anode active material layef 12b, to
thereby obtain a saﬁple unit cell having a structure as
shown in Fig. 7(b). (Example 2-A) In the obtained
sample unit cell, the total thickness of separators 13A
;and 13B respectively formed on cathode active material
10 layer 1llb and anode active material layer 12b was 25
pm.

Ahother_sample unit cell was obtained in substan-
tially the same manner as in Exgmple 2-A, excepf that
the thickness of each of separatbrs 13A_and 13B was

15 controlied so that the total thickness of separators
13A and 13B becomes 10 pm. (Example 2-B)

Using positive electrode 11, negative electrode 12
and a slurry (which is a méferial for the separator)
each prepared in the same manner as in Examples 2-A and

20 2-B, still another sample unit cell having a structure
as shown in Fig. 7(c) was prepared as follows. The
above-mentioned slurry was applied to the surface of
cathode actiQe material layer 1llb of positive electrode

" 11. Subsequently, positive electrode 11 and negative

25 electrode 12 were combined so that cathode active



15 sanple unit cells was inmmersed in the sanme electrolytic liquid as
i n Exanple 2, and the charge/di scharge cycle test was conducted under the
sane conditi'ons as in Exanple 2. The porosity of the microporous PE film

was cal cu- 20 | ated by the follow ng fornula: Porosity = (total
vol ume of pores in the mcroporous filmnm volgae of the mcroporous film x
100 wherein the total volunme of pores is the value 25 obt ai ned

by subtractlng t he wei ght of the
' material layer 11lb and anode active material layer 12b

were arranged in a positional relationship opposite to
each other through the slurry coated on cathode active
material layer 1l1lb, followed by drying to.remove, by
5 - evaporation, the solvent contained in the slurry, to
thereby obtain a laminate structure in which separator
13C was directly formed, in an immobilized form, on
each of cathode active material layer 1llb and anode
active material layer 12b. The laminate structure was
10 fabricated so as to have a surféce area of 1.5 cm x 1.0
cm, to thereby obtain a sample unit cell having a
structure as shown in Fig. 7(c¢). (Example 2-C) In the
obtained sample unit cell, the thickness of separator
13C was 25 pm. '. |
15 | Each of the obtained sample unit cells was im-
mersed in an electrolytic liquid which had been pre-
pared by dissolving LiPFg in a mixed solvent of ethy-
lene carbonate (Ec) and diethylene carbonate (DEC)
(EC/DEC volume ratio: 1/1, and LiPFg concentration: 1.0
20 mol/liter), and the charge/discharge cycle test was
coﬁducted under the conditions as mentioned below.
In Comparative Example 2, a sample unit cell was
prepared as follows. Positive electrode 11 and nega-
tive electrode 12 were individually obtained in sub-

25 stantially the same manner as in Example 2-A and



66 m croporous filmin the dry state thereof fromthe weight of the

m croporous filmin the wet state thereof in which the mcroporous filmis
i npregnated with water. 5 Wth respect to each of the sanmple unit
cells respectively obtained in Exanples 2-A, 2-B and 2-C, and Conparative
Exanpl e 2, the charge/discharge cycle test ygs conducted under the
follow ng conditions. (Charge/discharge conditions) 10 .
Tenperature: 25 [err]C (1st cycle to 10th cycle) Charge . The charging

operation was conghigisxk f2IBS MK Sobtdi b Pod e P drbdd s Stad ed at
: the obtained negative electrode 12 were fabricated so
as to have a surface area of 1.5 cm x 1.0 cm and a
surféce'area_of 1.55 cm x 1.05 om, respectively. (Thesé
5 surface areas are of the face-to-face surface of both
electrodes.) Then, the obtained positive electrode
sheet and the obtained negative electrode sheet were
.combined so that cathode active material layer 11b and
_anode active material layer 12b were arranged in a
10 positional relationship opposite to each other through
separator 13 which is a microporous polyethylene (PE)
film having a thickness of 25 pym and a porosity of 36
%, to thereby obtain a sample unit cell having a struc-
ture as shown in Fig. 1(B). Eaéh of the obtained
15 sample unit cells was immersed in the same electrolytic
liguid és in Example 2, and the.charge/discharge cycle
test was conducted under the same conditions as in
Example 2.
The porosity of the microporous PE film was calcu-
20 lated by the following formula:
Porosity = (total“volume of pores in the
microporous film/volume of the
microporous film) x 100
wherein-the total volume of pores is the wvalue

25 obtained by subtracting the weight of the



current density of 1.0 mNcnferr] and, after the voltage of 15 t he
unit cell becane 4.2 V, the current density was controlled so as to

mai ntain the' voltage at 4.2 V. Discharge: The di scharging operation was
conducted at a current density of 1.0 mAcnferr] (corresponding to 1/3C)
until the voltage of the unit cell becane 2.4gV. 20 (11t h cycle)
Char ge . The chargi ng operation was conduct ed under substantially the
sanme conditions as in the 1st to 10th cycles. Discharge: The discharging

operation was conduct e¢i2foporousAifidnt Uy @ihe daRsigtatef thet<o¥ Eromr the
(corresponding to
weight of the microporous film in the wet state
thereof in which the microporous film is
impregnated with water.
5 ' With respect to each of the sample unit cells
respectively bbtained in Examples 2-A, 2-B and 2-C, and
Comparative Example 2, the charge/discharge cycle test
was conducted under the following conditions.
(Charge/discharge conditions)
10 Temperature: 25 °C
(1st cycle to 10th cycle)
Charge : The charging operation was conducted
for 6 hqurs, in which the operation was started at a

2 and, after the voltage of

current density of 1.0 mA/cm
15 the unit cell became 4.2 Vv, the current density was
controlled so as to maintain the voltage at 4.2 V.
Discharge: The discharging operation was conducted
at a current density of 1.0 mA/cm2 (corresponding to |
1/3C) until the voltage of the unit éellgbecame 2,7 V.
20 -(llth cycle)
Chérge : The charging operation was conducted
under substantially the same conditions as in the lst
to 10th cyclés.

Discharge: The discharging operation was conducted

25 at a current density of 3.0 mA/cm? (corresponding to



67 1.0C) until the voltage of the unit cell becanme 2.7 V. (12th cycle)

Char ge . The chargi ng operation was conduct ed under substantially the
sanme conditions as in the 1st 5 to 10th cycles. Discharge: The

di schargi ng operation was conducted under substantially the sane conditions
as in the 1st to 10th cycles. (13th cycle) 1fg7 Char ge . The

chargi ng operation was conducted under substantially the sanme conditions as
in the 1st to 10th cycl es.
1.0C) until the voltage of the unit cell became 2.7 V.

(12th cycle)

Chaige : The charging operation was conducted

under substantially the same conditions as in the 1lst
5 to 10th cycles.

Dischargei The discharging operafion was conducted
under substantially the same conditions as in.the 1st
to 10th cycles. |
(13th cycle)

10 : Charge : The charging operation was donducted
under substantially.the.same conditions as in the 1lst
to 10th cycles.
| Discharge: The discharging operation was conducted
at a current denéity of 6.0 mA/éhz (corresponding to

15 2.0C) until the wvoltage qf the unit cell became 2.7 V.

With respect to each of the sample unit cells
obtained in Examples Z—A,_Z—B, 2-C and Comparative
Example 2, the discharge capacity lowéring ratio (%)
between the 10th cycle ana the 11th cycle and the

20 discharge capacity lowering ratio (%) between thg 12th
cycle and the 13th cycle were calculated. Results are

shown in Table 2.

25



t he di scharge

ycle and the 11th cycle and
(% between the 12th cycle

the voltage of the
and the 13th cycle were calculated. Results are shown in Table 2. 25
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68 [err] 69 AS can be seen from Table 2, the sanple unit cell obtained
in Exanple 2-A had a narkedly small discharge capacity lowering ratio (%
between the 12th cycle (in which the discharge current .density was 1/3C)
and the 5 13th cycle (in which the discharge current density was
2.0C), as conpared to the sanple unit cell obdai ned in Conparative Exanple
2 in which the separator used had the sane thickness as that of the
separator used in .

As can be seen from Table 2, the sample unit cell
obtained in Example 2-A had a markedly small discharge
capacity lowering ratib (%) between the 12th cycle (in
which the discharge current density was 1/3C) and the

5 13th cycle (in which the discharge current density was
2.0C), as compared to the sample unit cell obtained in
Comparative Example 2 in which the separator used had
the same thickness és that of the separator used in
Examples 2-A. That is, the battery of the present

10 .invention has improved discharge characteristics at a
high current density, which are superior to those of a
battery using a conventional microporous PE film sepa-
rator. The reason for this is presumed to be as fol-
lows. The separatér used in thé present invention,

15 which compriées a layer of an aggregate form of parti-
cles of at least one insulating substance, has a unique
pore structure in which the morphology of the pores .and
the distribution of the pore diameters are different
from those of the conventional microporous PE film

20 separator, and the above-mentioned unique pore struc-
ture_of the separator used in the present invention is
more effective for achieving a high ion conductive
property than the pore structure of the above-mentioned

conventional separator. It is presumed that, due to

25 such a high ion conductive property of the separator,



Exanples 2-A. That is, the battery of the present 10 tnvention has

| nproved di scharge characteristics at a high current density, which are
~superior to'those of a battery using a conventional m.croporous PE film
sepa- rator. The reason for this is presuned to be as fol- lows. The
separator used in the present invention, 15g5¢g whi ch conprises a |ayer of
an aggregate formof parti- cles of at |east one insulating substance, has
a uni que pore structure in which the norphol ogy of the pores and the

di stribution of tiife psdmpIk aiel€rSenl custing ettt sdparatdwsesed imethe

conventional m croporous PE film 20 separator, and the above-nentioned
uni que pore strucpréessrt antdret Sapasahisits etinprovdd di scantge nolzataon 1 s
nore effective for achieving a high ion conductive
teristics at a high current density.
The sample unit cell obtained in Example 2-B
5 exhibited even more improved discharge charactgfistics
at a.high current density than the sample unif cell
obtained in Example 2~A. Such improved discharge
characteristics can be presumed to be attributed to the
small thickness of the separator used in the sample
10 cell of Example 1-B, which is even smaller than the
thickness of the separator used in the sample unit cell
of Example 1-A.
Fu;ther, the sample unit cell obtained in Example
2-C, which has a construction iﬁ which the separator
15 was directly formed, in an immobilized form, on each of
the cathode active material layer and the anode active

‘material layer, also exhibited improved discharge

characteristics.

20 Example 3
A sample unit cell was obtained in substantially
the same manner as in Example 2-A (Example 3), and
another sampie unit cell was obtained in substantially
the same manner as in Comparative Example 2 (Compara-

25 tive Example 3). With respect to each of the obtained



property than the pore structure of the above-nentioned conventional
separator. It is presuned that, due to 25 such a high ion conductive
property of the separator, 70 the sanple unit cell using the separator
used in the present invention exhibits inproved di scharge charac- teristics
at a high current density. The sanple unit cgl| obtained in Exanple 2-B 5
exhi bited even nore inproved di scharge characteristics at a high current
density than the sanple unit cell obtained in Exanple 2-A. Such inproved

di scharge sample unit cells, the charge/discharge cycle test was
conducted under the conditions as mentioned below. In
Example 3 and Comparative Example 3, the charge/dis-
charge tests were conducted in order to demonstrate

5 that the separator used in the battery of the present

invention has nof only an improved ion conductive
property, but also an improved durability, as compared
to a conventional separator.
_(Charge/discharge'conditions)

10 {1st cycle)

Charge : The charging operation was conducted
for 6 hours, in which the operation was started at a
current density of 1.0 mA/cm2 and, after the wvoltage of
the unit cell became 4.2 V, theiéurrent density was

15 controlled so as to maintain the voltage at 4.2 V.

Discharge: The discharging operation was conducted
at a current density of 1.0 mA/cm2 (corresponding to
1/3C) until the voltage of the unit cell becamg 2.7 V.
(2nd to 200th cycles)

20 - Charge . : The charging opgration was conducted
for 3 hours, in which the operation was started at a
current density of 3.0 mA/cm2 and, aftef the voltage of
the unit celi became 4.2 V, the current density was
controlled so as to maintain tﬁe voltage at 4.2 V.

25 Discharge: The discharging operation was conducted.



characteristics can be presunmed to be attributed to the small thickness of
the separator used-in the sanple 10 cell of Exanple 1-B, which is even
smal | er ‘than the thickness of the separator used in the sanple unit cell of
Exanple 1-A. Further, the sanple unit cell obtained in Exanpl e 2-C, which
has a construction in which the separator 154 was directly fornmed, in
an imobilized form on each of the cathode actlve material |ayer and the
anode active material |ayer, also exhibited inproved discharge

characteristics. 28 a curm&'ns"a.gwm €0 Uik forf®| ( core sibrmd eg o
substantlally t he sane manner as in ample 2-A (Exanple 3), and
1.0C) until the voltage becomes 2.7 V.
With respect to each of the sample unit cells, the
discharge capacity maintaining ratio {i.e., the ratio
5 (%) of the discharge capacity at the 200th cycle to the
discharge capacity at the 2nd cycle} were calcﬁlated.
As a result, it was found that the discharge capacity
maintaining ratio in Example 3 was 88.8 %, and that the
_ratio in Comparative Example 3 was 83.8 %. That is,

10 | although the thickness of the separator used in the
sample unit celi of Example 3 was the same as that of
the separator used in the sample unit cell of Compara-
tive Example 3,.the discharge capacity maintaining
ratio of the sample unit cell of Example 3 was higher

15 than that of the sample unit cell of Comparative Exam-
ple 3. From the above, it is apparent that the separa-
tor used in the battery of the present invention, which
comprises a layer of an aggregate form of particles of
at least one insulating substance, has improved

20 durability, as compared to the conventional microporous

PE film separator.

Example 4

Using a sample unit cell having a structure as

25 shown in Fig. 7(b), the charge/discharge cycle charac-



anot her sanple unit cell was obtained in substantially the same manner as

I n Conparative Exanple 2 (Conpara- 25 tive Exanple 3). Wth respect
to each’of the obtained 71 sanmple unit cells, the charge/discharge cycle
test was conducted under the conditions as nentioned below In Exanple 3
and Conparative Exanple 3, the charge/dis- charge tests were conducted in
order to denonstrate 5 that the separator used in the battery of the
present invention has not only an inproved ion conductive property, but

al so an inproved dtgmidtidy, ofStk® B ESky of the present invention were

examined in substantially the same manner as in Exam-
ples 1 and 2.
(Electrodes)

5 Sheet electrodes were individually produced in
substantially the same manner as in Examples 2-A, 2-B
and Example 3.
(Aggregate form of particles of an insulating sub-
_stance)

10 - An aggregate form of particles of an insulating
substance was prepared by the method described below
using the materials described below.

(Materials used)

Particles of an insulatingzsubstance: Zeolite

15 having a SiOZ/A1203 molar ratio of 29. |

Binder: Polyvinylidene fluoride (PVDF) (KF#1100,
manuféctured and sold by Kureha Chemical InduStry Co.,
Ltd., Japan).

Solvent: 1l-methyl-2-pyrrolidone (NMP).

20 ' (Preparation method)

Particles of a zeolite and particles of PVDF
(zeolite/PVDF weight ratio: 100/5) were mixed with each
other to obtéin a powder mixture. Then, to the ob-
tained powder mixture was added NMP to obtain a slurry

25 having a solids content of 55.0 % by weight.



to a conventional separator. (Charge/discharge conditions) 10 (1st
cycl e). Charge . The chargi ng operation was conducted for 6 hours, in

whi ch tthe operation was started at a current density of 1.0 mA/cnR2 and,
after the voltage of the unit cell becane 4.2 V, the current density was 15
controlled so as to maintain the voltage at #4 2 V. D scharge: The

di schargi ng operati on was conducted at a current density of 1.0 mA/cnR
(corresponding to 1/3C) until the voltage of the unit cell becane 2.7 V.
(2nd to 200th cycles) 88ing a doctofhBlg@e, thdhebthangdnglapeyawasn was

conducted for 3 hours, in which the operation was started at a
applied, in a predetermined uniform thickness, to each
of the surface of cathode active material layer 11lb of
positive electrode 11 and the surface of anode active
5 material layer 12b of negative electrode 12, followed
by drying in an oven at 120 °C for 15 minutes, to
thereby obtain sepérators 13A and 13B, wherein each of
separators 13A and 13B was comprised of a layer of an
aggregate form of particles of a zeolite, and separa-
10 ‘tors 13A and 13B were directly formed, in an immo-
bilized form, on cathode active material layer 1l1b and
anode active material layér 12b; respectively. Each of
the obtained separators 13A and 13B had a porosity of
50 %. The porosities of separafbrs 13A and 13B were.
15 measured by means of a mercury porosimeter (manufac-
tured and sold by Shimadzu Corp., Japan) with respect
to sample sepafators prepared in substantially the same
manner as in the preparation of separator 13A and the
preparation of separator 13B, respectively, except that
20 each of the sample separators was formed on a dish made
of an aluminum foil and then, peeled off from the dish.
Positive electrode 11 having separator 13A (which
was directly.formed, in an immobilized form, on cathode
active material layer 11b) was fabricated so as to have

25 a surface area of 1.5 cm x 1.0 cm. Negative electrode



N

current density of 3.0 mNcnferr] and, after the voltage of the unit cell
becane 4.2 V, the current density was controlled so as to naintain the
voltage-at 4.2 V. 25 Di scharge: The di schargi ng operati on was
conduct ed. 72 at a current density of 3.0 mAcnferr] (corresponding to
1.0C) until the voltage becomes 2.7 V. Wth ggspect to each of the sanple
unit cells, the discharge capacity maintaining ratio {i.e., the ratio 5
(%9 of the discharge capacity at the 200th cycle to the discharge capacity

at the 2nd cycle} wmengealsWddffhtor 13B (which was directly formed, in
én immobilized form; on'anbde active material lafer
12b) was fabricated so as to have a surface area of
1.55 cm x 1.05 cm. (These surface areas are of the
5 face-to-face surfaces of both electrodes.)

Then, the obtained positive elecfrode sheet and
the obtained negative electrode sheet were coﬁbined so
that cathode active material layer 11lb and anode active
material layer 12b were arranged in a positional rela-

10 tionship opposite to each other through separators 13A
and 13B respectively formed on cathode aqtive material
layer 11lb and anode active material layer 12b, to
thereby:obtain a sample unit cell having a structure as
shown in Fig. 7(b). In the obtéined sample unit cell,

15 the total thickness of the separator respectively
formed on cathode active material layer 11b and anode
active material layer 12b was 25 .pm. The obtained
sample uﬁit cell was immersed in an electrolytic liquid
ﬁhich had been prepared by dissolving LiPFg in a mixed

20 solvent of ethylene carbonate (EC) and diethyl.car—
bonate (DEC) (EC/DEC volume ratio: 1/1, LiPFg concen-
tration: 1.0 mol/liter), and the charge/discharge cycle
test was conducted under the same conditions as in
Example 2. (Example 4)

25 With respect to the obtained sample unit cell, the .



As a result, it was found that the discharge capacity maintaining ratio in
Exanplle 3 was 88.8 % and that the ratio in Conparative Exanple 3 was 83.8
% That is, '10 al t hough the thickness of the separator used in the
sanple unit cell of Exanple 3 was the sane as that of the separator used in
the sanple unit cell of Conpara- tive Exanpl g3, the discharge capacity

mai ntaining ratio of the sanple unit cell of Exanple 3 was hi gher 15

than that of the sanple unit cell of Conparative Exam ple 3. Fromthe

above, it is- appargiicHd¥dfe (dpSEPEF aowdFinty efhtib t (%) iedtwisen othé EOth
present invention, which conprises a |ayer of an aggregate form of

particles of at | easd1Nend NEne ali€ly Spdibé aaned, theasdisqhiawgs Gdpacity
durability, as conpared to the conventional m croporous
lowering ratio (%) between the 12th cycle and the 13th
cycle were calculated. Results are shown in Table 3.
5 In Table 3, the data shown as the results of Com-

parative Example 4 are the reproduction of the results

of Comparative Example 2 shown in Table 2 above.
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(El ectrodes) 5

i nventi on were exam ned
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t he charge/ di scharge cycl e charac-
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Exanple 4 Using a sanple unit cel

shown in Fig. 7(b),

teristics of 'the battery of the present
substantially the sane manner as in Exam ples 1 and 2.

Sheet el ectrodes were individually produced

manner as in Exanpl es 2-A,

PE fil m separator.
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and Example 3. (Aggregate formof particles of an insulating sub- stance)
10 An aggregate form of particles of an insulating substance was
prepared by the nethod described bel ow using the materials described bel ow.
(Materials used) Particles of an insulating substance: Zeolite 15

having a Sierr]/A[err[derr] nmolar ratio o8 29. Binder: Polyvinylidene
fluoride (PVDF) (KF#1100, nmanufactured and sold by Kureha Chem cal Industry
Co., Ltd., Japan). Solvent: 1-nmethyl-2-pyrrolidone (NWP). 20 '
(Preparation nethod) As can be seen from Table 3, the sample unit cell

obtained in Example 4 had a markedly small discharge
capacity lowering ratio (%) between the 12th cycle (in
which the.discharge current density was 1/3C) and the
5 13th cycle (in which the discharge current density was

2.0C), as compared to the sample unit celi obtained in
Comparative Exampie 4 in which the separator used had
the same thickness as that of the separétor used in
Example 4. That is, the battery of the present inven-

10 tion has improved discharge characteristics at a high
current density, which are superior to those of a bat-
tery using a conventional microporous PE film separa-
tor. As already mentioned above, the reason for this
is presumed to reside in that tﬁé separator used in the

15 present invention has a unique pore structure which is
more effective for achieving a high ion conductive
property than the pore structure of the above-mentioned
conventional separator, and that, due to such an im-
proved ion conductivity of the separator, the sample

20 unit cell using the.separator-of the'present invention
exhibits improved discharge characteristics at a high

current density.

Example 5

25 Using a sample unit cell having a structure as



Particles of a zeolite and particles of PVDF (zeolite/ PVDF weight ratio:
100/5) were m xed with each other to obtain a powder m xture. Then, to the
ob- taihed powder m xture was added NMP to obtain a slurry 25 havi ng
a solids content of 55.0 % by wei ght. 74 Using a doctor blade, the
obtained slurry was applied, in a predetermuagd uniformthickness, to each
of the surface of cathode active material |ayer 11b of positive el ectrode
11 and the surface of anode active 5 material |ayer 12b of negative
el ectrode 12, fol lstiéh in Fig. 7(b), the charge/discharge cycle charac-

teristics of the battery of the present invention were
examined in substantially the same manner as in Exam-
ples 1, 2 and 4.

5 (Electrodes)

Sheet electrodes were individually produced in
substantially the same manner as in Examples 2, 3 and
4. |
~(Aggregate form of particles of an insulating sub-

10 stance)

An aggregate form of particles of an insulating
substance was prepared by the method described below
using tbe materials described below.

(Materials used) 2
15 Particles of an insulating substance: Polypara-
phenylene terephthalamide (aramide) (manufactured and
sold, under the tradename "Twaron", by Nihon Aramide
Kabushiki Kaisha).
Bihder: Polyvinylidene fluoride (PVDF) (KF#1100,
20 manufactured and scld by Kureha Chemical Industry Co.,
Ltd., Japan).

Solvent: 1l-methyl-2-pyrrolidone (NMP).
(Preparation-method)

- Particles of aramide and particles of PVDF.(ara;

25 . mide/PVD weight ratio: 100/5) were mixed with each



by drying in an oven at 120 [err]C for 15 minutes, to thereby obtain
separators 13A and 13B, wherein each of separators 13A and 13B was
conprised of* a | ayer of an aggregate formof particles of a zeolite, and
separa- 10 tors 13A and 13B were directly fornmed, in an imo- bilized
form on cathode active material |ayer 1lb gpf anode active material |ayer
12b, respectively. Each of the obtained separators 13A and 13B had a
porosity of 50 % The porosities of separators 13A and 13B were 15

measur ed by neans,phe@ PBT 6HEX1R0AOBLWRES! mf HRGYEAC- Thehpdtandheobd-by
Shi madzu Corp., Japan) with respect to sanple separators prepared in

substantial | y t heygaABaNpsRaerafnikeurBewasepadeti NMPotosebaashoa &3Arapd
the preparation of separator 13B, respectively, except that
having a solids content of 50.0 % by weight.
Using a doctor blade, the obtained slurry was
5 applied, in a predetermined uniform thickness, to the
surface of cathode active material layer 1llb of posi-
tive electrode 11 and the surface of anode acfive
material layer 12b of negative electrode 12, followed
by drying in an oven at 120 °C for 15 minutes, to
10 thereby obtain separators 13A and 13B, wherein each of
separators 13A and 13B was comprised of a layer'of an
aggregate form of particles of aramide, and separators
13a and_13B were directly formed, in an immobilized
form, on cathode activé materiaillayer 11b and anode
15 active material layer 12b, respectively. Each of the
separators had a porosity of 50 %. The porosities of
separators 13A énd 13B were measured by means of a
mércury porosimeter (manufactured and sold by Shimadzu
Corp., Japan) with respect to sample separators pre-
20 pared in substantially the same manner as in the prepa-
ration of separator 13A and the preparation of separa-
tor 13B, respectively, except that each of the sample
separators wés formed on a dish made of an aluminum
foil and then, peeled off from the dish.

25 Positive eléctrode 11 ha?ing'separator 13A (which



20 each of the sanple separators was fornmed on a dish nade.of an
alum numfoil and then, peeled off fromthe dish. Positive electrode 11
havi ng separator 13A (which was directly forned, in an.imobilized form on
cat hode active material layer 11b) was fabricated so:as to have 25 a
surface area of 1.5 cmx 1.0 cm Negative elgactrode 75 12 having
separator 13B (which was directly forned; in an immobilized form on anode
active material layer 12b) was fabricated so as to have a surface area. of
1.55 cm x 1.05 cmwédhdteestlyafermed@asiaranoimndleilized form, on cathode
active material layer 11lb) was fabricated so as to have
a surface area of 1.5 cm x 1.0 cm. Negative electrode
12 having separator 13B (which was directly formed, in
5 an immobilized form, on anode active material layer
12b) was fabricated so as to have a surface area of -
1.55 cm x 1.05 cm. (These surface areas are of the
face-to-face surfaces of both electrodes.)
Then, the obtained positive electrode sheet and
10 the obtained negative eiectrode sheet were combined so
that cathode active material layer 1llb and anode active
material 1aYer 12b were arranged in a positionallrela—
tionship opposite to each other through separators 13A
and 13B respectively formed on éathode active material
15 layer 11lb and anode active material layer 12b, to
théreby obtain a sample unit cell having a structure as
shown in Fig. 7(b). In the obtained sample unit cell,
the total thickness of the separator respectively
formed on cathode active maferial layer 11b and anode
20 active material layer 12b was 25 um. The obtained |
sample unit cell was immersed in an electrolytic liquid
which had been prepared by dissolving LiPFg in a mixed
solvent of efhylene carbonate (EC) and diethyl car-

bonate (DEC) (EC/DEC volume ratio: 1/1, LiPFg concen-

25 tration: 1.0 mol/liter), and the charge/discharge cycle



5 face-to-face surfaces of both electrodes.) Then, the obtained
positive el ectrode sheet and the obtai ned negative el ectrode sheet were
conbi ned so ‘that cathode active material |ayer 11b and. anode active
material |ayer 12b were arranged in a positional rela- 10 tionship
opposite to each other through separators 134 and 13B respectively forned
on cathode active material layer 11b and anode active material |ayer 12b,
to thereby obtain a sanple unit cell having a structure as shown in Fig.
7(b). In the obtatsgf wagptendbbtedelihde#5the sahdecondiatiohscasess of the
separator respectively fornmed on cathode active material |ayer 11b and
anode active nat egkahpleye? ARA das(Bhkaphple] ) The obtai ned sanple unit
cell was imrersed in an electrolytic liquid

With respect to the sample unit cell, the dis-

charge capacity lowering ratio (%) between the 10th
5 cycle and the 11lth cycle and the discha:ge capacity
lowering ratio (%) between the 12th cycle and the 13th
cycle were calculated. Results are shown in Table 4.
In Table 4, the data shown as the results of.

Comparative Example 5 are the reproduction of the

10 results of Comparative Example 2 shown in Table 2
above.
15

20

25



whi ch had been prepared by dissolving Li PF[err]

of ethylene carbonate (EC) and di et hyl

rati o:

1/1, Li PF6 concen-

tration:

1.0 nol/liter),

car -

in a mxed 20

sol vent

bonate (DEC) (EC/ DEC vol une

and the charge/ di scharge

cycle test was conducted under the sanme conditions as in Exanple 2.

(Exanpl'e 4) 25

t he

76 di scharge capacity lowering ratio

Wth respect to the obtained sanple unit cell,

%@ between the 10th cycle and

the 11th cycle and the discharge capacity lowering ratio (% between the
12th cycle and the 13th

Table 4

(%)

-4.7

Discharge
capacity
lowering ratio
between the 12th
cycle and the
13th cycle

-11.5

13

(current den-
sity: 2.0C)
(mAh)

L, 766
4. 425

Discharge
capacity E

at the
1st cycle

12 -
1 (current den-
sity: 1/3C)
(mAh)

Discharge
capacity E
at the

5.003
' 5.000

between the 10th{12th cycle
(%)
—107
-2.0

Discharge
capacity
lowering ratio
cycle and the
11th cycle

11

Discharge

capacity E

at the

11th cycle

(current den-

sity: 1.0C)
(mAh)

Iy, oy
4,925

10

Discharge

capacity E

at the

10th cycle

(current den-

sity: 1/3C)
(mAh)

5.027
5.025

Example 5

Comparative
Example 5
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cycle were calculated. Results are shown in Table 3. 5 I n-Tabl e
3, the data shown as the results of Com parative Exanple 4 are the
reproduction 'of the results of Conparative Exanple 2 shown in Table 2
above. 10 15 20 25 77 [err] '

84
As can be seen frpm Table 4, the sample unit cell
obtained in Example 5 had a markedly small discharge
capacity lowering ratio (%) between the 12th cycle (in
which the discharge current density was 1/3C) and the
5 13th cycle (in which the discharge current density was
2.0C), as compared to the sample unit celi of Compara-
tive Example 5 in which the separator used had the same

thickness as that of the separator used in Example 5.

10 Example 6.

Using a sample unit cell having a structure as
shown in Fig 7(b), the charge/discharge cycle charac-
teristics of the battery of the present invention were
examined in substantialiy the séﬁe manner as in Exam-

15 ples 1, 2, 4 and 5.
(Electrodes)

Sheet electrodes were individually produced in-
substantially the same mannér as in Examples 2, 3, 4
and 5.

20 (Aggregate form of particles of an insulating sub-
stance)

An aggregate form of particles of an insulating
substance waé prepared by the method described below
using the materials described below.

25 (Materials for the positive electrode)



78 As can be seen from Table 3, the sanple unit cell obtained in Exanple 4
had a nmarkedly smal | discharge capacity lowering ratio (% between the 12th
cycle (in which the discharge current density was 1/3C) and the 5 13t h
cycle (in which the discharge current density was 2. 0C), as conpared to the
sanple unit cell obtained in Conparative Exggple 4 in which the separator
used had the sanme thickness as that of the separator used in Exanple 4.
That is, the battery of the present inven- 10 tion has inproved
" di scharge charact eri stegysciatl &b bk Wdanta ghng isubstdiicd: armastRerdHr to
t hose of a bat- ,

of a-Al,05 having an average particle diameter of 1.0

pm.
- Binder: Polyvinylidene fluoride (PVDF) (KF#1100,
5 manufactured and sold by Kureha Chemical Industry Co.,
Ltd., Japan).
Solvent: 1l-methyl-2-pyrrolidone (NMP).
(Preparation method)
Particles of a-Al,05 and particles of PVDF (a-

10 Al,05/PVDF weight ratio:_lOO/S) were mixed.with each
other to obtain a powder mixture. Then, to the obtained
powder mixture was added NMP to obtain a slurry having_

" a solids content of 56.8 % by weight.
Using a doctor blade, the ubtained slurry was

15 applied, inla predetermined uniform thickness, to the
Surfacé of cathode active material 1a§er 11b of posi-
tive electrode 11, followed by drying in an oven at - 120
°C for 15 minutes, to thereby obtain separafor-lSA,
wherein separétor 13a was comprised of a layer of an

20 aggregate form of particles of a-Al,03, and was direct-
ly formed, in an immobilized form, on cathode active
material layer 11b. Separator 13A had a porosity of 52
%. The poroéity was measured by means of a mercury
porosimeter (manufactured and sold by Shimadzu Corp.,

25 Japan) with respéct to a sample separator prepared in



tery using a conventional mcroporous PE filmsepara- tor. As already
nment i oned above, the reason for this is presuned to reside in that the
separator used in the 15 present invention has a unique pore structure
which is nore effective for achieving a high ion conductive property than
the pore structure of the above-nentioned coggentional separator, and that,
due to such an im proved ion.conductivity of the separator, the sanple 20
unit cell using the separator of the present invention exhibits inproved

di scharge charact gubsttaftiall 1§ Rheh sanme’ @ahndenaist in Exanprepardtion of

Using a sanple unit cell having a structure as
separator 13A, except that the sample separator was
formed on a dish made of an aluminum foil and then, the
obtained sample separator was peeled off from the dish.
5 Positive electrode 11 having separator 13A (which
was comprised of an aggregate form of particles of a-
Al,03, and directly formed, in an immobilized form, on
cathode active material layer 11b) was fabricated so as
to have a surface area of 1.5 cm x 1.0 cm.
10 (Materials for the negative electrode)
Particlés of an insulating substance: Polyethy-
lene.
Binder: Carboxymethyl cellulose and latex.
Solvent: Purified water. ’
15 | (Prepafation method)
| Carboxymethyl cellulose was dissolved in purified
water to obtain an agqueous solﬁtion having a carboxy-
methyl cellulose content of 2.0 % by weight. Then, to
the obtained_aqueous solution of carboxymethyl cellu-
20 lose were added the particles of polyethylene, and then
-a latex having a solids content of 4.2 % by weight, to
obtain a slurry (polyethylene/carboxymethyl
cellulose/lafex weight ratio: 100/1/2, solids content:
45.0 % by weight).

25 Using a doctor blade, the obtained slurry was



79 shown in Fig. 7(b), the charge/discharge cycle charac- teristics of the
battery of the present invention were examned in substantially the sane
manner as in ‘Exam ples 1, 2 and 4. 5 _ (El ectrodes) Sheet el ectrodes
were individually produced in substantially the sanme manner as in Exanples
2, 3 and 4. (Aggregate formof particles of @g insulating sub- 10

stance) An aggregate form of particles of an insulating '

applied, in a predetermined uniform thickness, to the
surface of anode active material layer 12b of negative
electrode 12, followed by drying in an oven at 100 °C
for 15 minutes, to thereby obtain separator 13B, wher-
5 ein separator'13B was comprised of a layer of an ag-

gregate form of particles of polyethylene, and was
directly formed, in an immobilized form, on anode
active material layer 12b. Separator 13B had a porosi-
~ty of 50 %¥. The porosity was measured by means of a

10 mercury porosimeter {(manufactured and.sold by Shimadzu
Corp., Japan) with respect to a sample separator pre-
pared in substantially the same manner as in the prepa-
ration qf separator 13B, except that_thelsample separa-
for was formed on a dish made of-an aluminum foil and

15 then, the obtained sample separator was peeled off from
the dish.

Negative électrode 12 having separator 13B (which
was composed of an aggregate form of particles of
polyethylene, and directly formed, in an immobilized

20 | form, on anode active matérial layer 12b) was fabricat-
ed so as to have a surface area of 1.55 cm x 1.05 cm.
(The surface areas of separators 13A and 13B are of the
face—to-face'surfaces of both electrodes.)

Then, the obtained positive electrode sheet and

25 the obtained negative electrode sheet were combined so



substance was prepared by the nethod descri bed bel ow using the materials
descri bed bel ow. (Materials used) 15 Particles of an insulating
subst ance: Pol ypara- phenyl ene terephthal am de (aram de) (manufactured and
sol d, under the tradenanme "Twaron”, by N hon Aram de Kabushi ki Kai sha). :
Bi nder: Pol yvinylidene fluoride (PVDF) (KF#gg00, 20 manuf act ured and
sold by Kureha Chem cal Industry Co., Ltd., Japan). Solvent:
1- net hyl - 2- pyrrol i done (NWP). (Preparation method) Particles of aram de and
particles of PVDF arti-cadhode actiivie/nAdeniilgilayert ildb HHH Bnows eadgixad
wth each “material layér 12b were arranged in a positional rela-
tionship opposite.to each other through separators 13A
and 13B respectively formed on cathode active material
5 layer 11b and anode active material layer 12b, to
thereby obtain a sample unit cell having a structure as
shown in Fig. 7(b). In the obtained sample unit cell,
the total thickness of the separator respectively
_formed on cathode active material layer 1llb and anode.
10 active material layer 12b was 25 pym. Each of the
obtained sample unit cells was immersed in an electro-
lytic liquid which had been prepared by dissolving
LiPF6 ip a mixed éolvent of ethylene carbonate (EC) and
diethyl carbonate (DEC) (EC/DEC.Qolume ratio: 1/1,
15 LiPFg concentration:-l.o mol/liter), and the
| charge/discharge cycle test was conducted under the
same conditions as in Examples 2, 4 and 5. (Example-6)
With respect to the sample unit cell, the dis-
charge capacity lowering ratio (%) between the 10th
20_ cycle and the 1llth cycle and the discharge capacity
lowering ratio (%) between the 12th cycle and the 13th
cycle were calculated. Results are shown in Table 5.
In Tablé 5, the data shown as the results of

Comparative Example 6 are the reproduction of the

25 results of Comparative Example 2 shown in Table 2



80 other to obtain a powder m xture. Then, to the ob--tained powder m xture
was added NMP to obtain a slurry having a solids content of 50.0 % by

wei ght. 'Using a doctor blade, the obtained slurry was 5 applied, in a
predet erm ned uni formthickness, to the surface of cathode active materi al

| ayer 11b of posi- tive electrode 11 and theggurface of anode active
material |ayer 12b of negative electrode 12, followed by drying in an oven
at 120 [err]C for 15 minutes, to 10 t hereby obtain separators 13A and
13B, wherei n each aifove.
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20

25



separators 13A and 13B was conprised of a |layer of an aggregate form of
particles of aram de, and separators 13A and 13B were directly forned, in
an i mmobilized form on cathode active material layer 11b and anode 15
active material |ayer 12b, respectively. Each of the separators had a
porosity of 50 % The porosities of separatgbs 13A and 13B were neasured by
means of a mercury porosimeter (manufactured and sold by Shinmadzu Corp.,
Japan) with respect to sanple separators pre- 20 pared in
substantially the same nanner as in the prepa-. ration of separator 13A and
t he preparation of sgpaLa: tor 13B. respectively, except that each of the

sanpl e separators wals o%g?d onla dish [rade of an alum numfoil and then
peel ed of f fromthe dis hﬂvqg
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25 Positive el ectrode 11 having separator 13A (whi ch 81 was
directly formed, in an imobilized form on cathode active material |ayer
11b) was fabricated so as to have a surface area of 1.5 cmx 1.0 cm
Negative el ectrode 12 having separator 13B (which was directly forned, in 5
an imobilized form on anode active materigl |ayer 12b) was fabricated so
as to have a surface area of 1.55 cmx 1.05 cm (These surface areas are of
the face-to-face surfaces of both electrodes.) Then, the obtained positive
el ectrode sheet and As can be seen from Table 5, the sample unit cell
obtained in Example 6 had a markédly small discharge
capacity lowering ratio (%) between the 12th cycle (in
which the discharge current density was 1/3C) and the
5 13th cycle (in which the discharge current density was
2.0C), as compared to the sample unit cell obtained in
Comparative Example 6 in which the separator used had
the same thickness as that of the separator used in
Exampies 5. That is, the battery of the present inven-
10 ‘tion has improved discharge characteristics at a high
current density, which are superior to those of 'a bat-
tery using a conventional microporous PE film separa-
tor. As already mentioned above, the reason for this
is presumed to reside in that tﬁé separator used in the
15 present invention has a unique pore structure which is
more effective for achieving a high ion conductive
propefty.than the pore structure of the above-mentioned
conventional separator, and that, due to such an im-
proved ion conductivity of the separator, the sample
20 unit cell using the separator used in the present
invention exhibits improved discharge characteristics
at a high current density.
Further, in the case of the sample unit cell of

Example 6, which has a double-separator structure

25 (comprised of separator 13A and separator 13B) formed



10 t he obtai ned negative el ectrode sheet were conbi ned so that cathode
active material layer 11b and anode active material |ayer 12b were arranged
in a positional rela- tionship opposite to each other through separators
13A and 13B respectively formed on cathode active material 15 | ayer
11b and anode active material |ayer 12b, togbhereby obtain a sanple unit
cell having a structure as shown in Fig. 7(b). In the .obtained sanple unit
cell, the total thickness of the separator respectively formed on cat hode

active material |pvefedd bt frOdS1&Prode 1RCiNY enddEivell elayerod2b was
25 [err]m The obtained sanple unit cell was inmrersed in an electrolytic

| i qui d whi ch had 1®eenprepbciedsdyashssol V3ag( fofhddrorn cathode xactiod vent
of ethyl ene carbonate (EC) and diethyl car-
material layver 1lla) comprlses a layer of particles of
an inorganic compound having a high melting point (2055
5 °C) and separator 13B (formed on anode active material
layer 1l2a) comprises a layer of particles of a synthet-
ic resin having a low melting point (140 °C), the
~double-separator structure also functioné as a fuse.
That is, when a battery having such a double-separator
10 structure is caused to have a high temperature, only
the resin particles contained in separator 13B are
melted and the resultant molten resin closes the voids

of separator 13A to thereby shut off the current (i.e.,

the double-separator structure functions as a fuse).

15
-Example 7
Using a éample unit cell having a structure as-.
shown in Fig. 7(b), the charge/discharge cycle charac-
teristics of the battery of the present invention were
20 examined in substantially the same manner as in Exam-

ples 1, 2, 4, 5 and 6.

Shéet electrodes were individually produced as
follows.
(Positive electrode)

25 LiMn,0,4 as a cathode active material,'a lamellar



bonate (DEC) (EC/ DEC volune ratio: 1/1, LiPF6 concen- 25 tration: 1.0
nmol/liter), and the charge/di scharge cycle 82 test was conducted under
the same conditions as in Exanples 2 and 4. (Exanple 5) Wth respect to the
sanple unit cell, the dis- charge capacity lowering ratio (% between the
10th 5 cycle and the 11th cycle and thegdi scharge capacity |owering
ratio (% between the 12th cycle and the 13tﬁ cycle were cal cul at ed.
Results are shown in Table 4. In Table 4, the data shown as the results of

graphite as a filler and a fluororubber as a binder
(LiMn,0,4/lamellar graphite/fluororubber weight ratio:
100/6/1.96) were mixed in a mixed solvent of ethyl
acetate and ethyl cellosolve (ethyl acetate/ethyl
5 cellosolve volume ratio: 1/3) to thereby obtain a paste
for coating. The obtained paste was applied to one
surface of aluminum foil 1lla (a current collédtor)
having a thickness of 15 um, followed by drying. The
~resultant coated aluminum foil was pressed by means of
10 a calender'roll, to thereby obtain positive electrode
11 having a 112 um-thick cathode active material layer
11b.
(NeQative electrode)
A mesophase pitch carbon fiﬁer graphite and a
15 lamellar graphite, each as an anode active material,
carboxymethyl cellulose as a dispersing agent, a latex
as a binder (mesophase pitch carbon fiber graphite/ -
lamellar graphite/carb0xymefhyl cellulose/latex weight
ratio: 90/10/1.4/1.8) were mixed in purified water to
20 thereby obtain a paste for coating. The obtained paste
was appliéd to one surface of copper foil 12a (a cur-
rent collector) having a thickness of 12 um, followed
by drying. The resu;tant coated copper foil was
pressed by means of a calender roll, to thereby obtain

25 negative electrode 12 having 81 pm-thick anode active



Corrparati've Exanple 5 are the reproduction of the 10 results of
Conparative Exanple 2 shown in Table 2 above. 15 20 25 83 [err]

10

15

20

25

94

material layer 12b.
(Aggregate form of particles of an insulating sub-
stance)

An aggregate form of particles of an insulating
éubstance was prepared by the method described below |
using the materials described below.

(Materials used)

Particles of an insulating substance: Particles

of a-Al,05 having an average particle diameter of 1.0

pm.

Binder: Polyvinylidene fludride (PVDF) (KF#1100,
manufactured and sold by Kureha Chemical Industry Co.,
Ltd., Japén).

Solvent: 1—methy1-2-pyrroiidone (NMP).
(Preparation method)

Particles of a-Al,03 and particles of PVDF (a-
Al,03/PVD weight ratio: 100/5) weie mixed with each-
other to obtain a powder mixture. Then, to the ob-
tained powder mixture was added NMP to obtain a slufry
having a solids content of 56.8 % by weight.

Using a doctor blade, the obtained slurry was
applied, in a predetermined uniform thickness, to each
of the surfaée of cathode active material layer 1l1lb of
positive electrode 11 and the surface of anode active

material layer 12b of negative electrode 12, followed



84 As can be seen from Table 4, the sanple unit cell obtained in Exanple 5
had a markedly small di scharge capacity lowering ratio (% between the 12th
cycle (¥n whi'ch the discharge current density was 1/3C) and the 5 13t h
cycle (in which the discharge current density was 2.0C), as conpared to the
sampl e unit cell of Conpara- tive Exanple 5 g which the separator used had
the sane thickness as that of the separator used in Exanple 5. 10

Exanple 6. Using a sanple unit cell having a structure as shown in Fig

7(b), the charge/ ¢jy5 135108y it ldh RARGEt 180 S G015 M daldsr wodf the
present invention were exam ned in substantially the same manner as in
Exam thereby obtain separators 13A and 13B, wherein each of
separators 13A and 13B was composed of a layer of an
aggregate form of particles of a-Al,05, and separators
5 13A and 13B were directly formed, in an immobilized
form, on cathode active material layer 11b and anode
active material layer 12b; respectively. Each of
separators 13A and 13B had a porosity of 52 %'. The
porosities of separators 13A and 13B were measured by
10 means of a mercury porosimeter (manufactured and sold
by Shimadzu Corp., Japan) with respect to sample sepa-
rators prepared in substantially the same manner as in
the preparation of sepafator 13A and the preparation of
separator 13B, respectively, exéépt that each of the
15 sample separators was formed on a dish made of an
aluminum foil and then, peeled off from the dish. -
Positive electrode 11 having separator 13A (which
was directly formed, in an immobilized form, on the
cathode active material layer 1lb) was fabricated so as
20 to have a surface area of 1.5 cm x 1.0 cm. Negative
electrode 12 having separator 13B (which was directly
formed, in an immobilized form, on anode active materi-
al layer 12b) was fabricated so as to have a surface
area of 1.55 cm x 1.05-dm. (These surface areas are of

25 the face—toAface-surface of both electrodes.)



15 ples 1, 2, 4 and 5. (Electrodes) Sheet el ectrodes were individually
produced in substantially the sane nmanner as in Exanples 2, 3, 4 and 5. 20
(Aggregate formof particles of an insulating sub- stance) An aggregate
formof particles of an insulating substance was prepared by the nethod
descri bed bel ow using the nmaterials describeggbel ow. 25 (Materials -
for the positive el ectrode)

10

15

20

25

Then, the obtained positive electrode sheet and
the obtained negative electrode sheet were combined so
that cathode active material layer 11lb and anode active
material layer 12b were arranged in a positional rela—.
tionship opposite to each other through separator 13A
formed on cathode active material iayer 11b and separa-
tor 13B formed on anode active material layer 12b, to

thereby obtain a sample unit cell having a structure as

shown in Fig. 7(b). In the obtained sample unit cell,

the total fhickness of.the separators respectively
formed on cathode active material layer 1llb and anode
active material layer 12b was 25 um. The obtained
sample gnit'cell was immersed in an electrolytic liquid
which had been prepared by disséiving LiPFg in a mixed
solvent of ethylene carbonate (EC) and diethyl car-
bonate (DEC) (EC/DEC volume ratio: 1/1, and LiPFg
concentration: 1.0 mol/liter), and the charge/discharge
cycle test was conducted under the same conditions as
in Examples 2, 4, 5 and 6. (Example 7)

In Comparative Example 7, a sample unit cell was
prepared as follows. Positive electrode 11 and nega-
tive electrode 12 were individually obtained in sub-~
stantially the same manner as in Example 7. The ob-
tained positive electrode 11 and negative electrode 12

were fabricated so as to have a surface area of 1.5 cm



85 Particles of an insulating substance: Particles of a-Alferr](err]
having an average particle diameter of 1.0 [err]m Binder: Polyvinylidene
fluoride (PVDF) (KF#1100, 5 manuf act ured and sol d by Kureha Chem cal

| ndustry Co., Ltd., Japan). Solvent: 1-nmethyl-2-pyrrolidone (NW).
(Preparation nmethod) Particles of a-Al[err]@perr] and particles of PVDF (a-
10 Al[err]O[err]/PVDF weight ratio: 100/5) were m xed with each ot her
to obtain a powder mxture. Then, to the obtained powder m xture was added
NVP to obtain a skufry ERvand & Setfése canéendf of . 56.En % bly. O®i gy .

respectively. (These surface areas are of the face-to-
face surface of both electrodes.) Then,'the obtained
positive electrode sheet, the obtaihed negativé elec~-

5 trode sheet and separator 13 {a microporous polyethy-
lene (PE) film having a thickness of 25 pm and a poros-
ity of 36 %} were combined so that cathode active
material layer 1llb and anode active material layer 12b
were arranged in a positional relationship opposite to

10 each other through separator 13 to thereby obtain a
sample unit cell having the structure as shown in Fig.
1(B). The obtained sample uhit cell was immersed in
the same electrolytic liquid as in Example 2, and the
charge/discharge cycle tesf Was.éohducted under the
15 | same conditions as in Example 2.

With respect to each of the sample unit cell
obtained in Example 7 and the sample unit cell obtained
in Comparative Example 7, the discharge capacity lower-
‘ing ratio (%) between the 10th cycle and the 11th cycle

20 and the discharge cépacity lowering ratio (%) between
the 12th cycle and the 13th cycle were calculated.

Results are shown in Table 6.

25



Usi ng a doctor bl ade,

predet erm ned uni formthi ckness,

| ayer
[err]C for

15 m nut es,
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cat hode active nmateri al
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86 substantially the same manner as in the preparati-on of separator 13A,
except that the sanple separator was fornmed on a dish made of an al um num
foil and thén, the obtained sanple separator was peeled off fromthe dish.
5 _ - Positive electrode 11 havi ng separator 13A (which was
conprised of an aggregate formof particlesogaf a- Al[err]O[err], and
directly forned, in an immbilized form on cathode active material |ayer
11b) was fabricated so as to have a surface area of 1.5 cmx 1.0 cm 10

(Materials for the neggsidgnebecssefeirbiar rapleses pf tha sasplatungt cell
subst ance: Pol yet hy- |ene.
obtained in Example 7 had a markedly small discharge
capacity loweriﬁg ratio (%) between the 12th cycle (in
which the discharge current density was 1/3C) and the
5 13th cycle (in which the discharge current denéiff was
2.0C), as compared to the sample unit cell obtained in
Comparative Example 7 in which fhe separator used had
the same thickness as that of the separator used in
Example 7. That is, the battery of the present inven-
10 - tion has improved discharge characteristics at a high
current density, which are superior to those of a bat-
tery using a conventional microporous PE film separa-
tor. As already mentioned above, the reason for this
is presumed to reside in that tﬁé separator used in the
15 present invention has a unique pore structure which is
more effective for achieving a high ion conductive
property than the pore structure of the above-mentioned
conventional separator,.so'that, due to such an im-
proved ion conductivity of the separator, the sample
20 - unit cell using the separator used in the present
invention.exhibits improved discharge characteristics

at a high discharge current density.

INDUSTRIAL APPLICABILITY

25 The battery of the present invention is advanta-



Bi nder: Carboxymet hyl cellul ose and | atex. Solvent: Purified water. -15
(Preparation nethod) Carboxynethyl cellul ose was dissolved in purified
wat er to obtdin an aqueous sol ution having a carboxy- nethyl cellul ose
content of 2.0 % by weight. Then, to the obtai ned aqueous sol ution of
car boxynmet hyl cel lu- 20 | ose were add%gx}he particles of

pol yet hyl ene, and then a | atex having a soli'ds content of 4.2 % by wei ght,
to obtain a slurry (polyethyl ene/ carboxymethyl cellul ose/l atex wei ght

ratio: 100/ 1/2, sqldfs (i-feﬂj.l g:f}tliyr ;‘li.%v\g:ﬁ/&@ytﬁ@iﬂgeerf%xhibits exceBSidik @

doctor bl ade, the ™Dbtain
discharge characteristics even at a high discharge

current density without sacrificing safety, but also in
that é large ampunt of active materials can be accommo-
5 dated in the battery per unit volume thereof, as com-
pared to the amounts in the case of conventional bat-
teries, so that the battery of the present invention
can exhibit an extremely high performance, as compared
~to conventional batteries. Further, the battery of the
10 présent invention can exhibit such a high performance

even in a compact and light weight form.

15

20

25



87 applied, in a predeterm ned uniformthickness, to the surface of anode
active material layer 12b of negative electrode 12, followed by drying in
an oven~at 100 [err]C for 15 minutes, to thereby obtaln Separator 13B,
wher- 5 ei n separator 13B was conprlsed of a layer of an ag- grégate —
formof particles of polyethylene, and was dionectly forneth SS'léthﬁhBeenRe laced

I mmobi | i zed form on anode active material |ayer 12b. Sepa

porosi- ty of 50 % The porosity was neasured by neans of , m ury
por osi neter (manufactured and sold by Shingteimsorp., Japan :

to a sanple separator pre-
1. A battery comprising:

a casing,
an electrolyte contained in said casing,
5 a positive electrode comprising a cathode active
material layer,
a negative electrode comprising an anode active
material.layer, and
a porous separator disposed between said positive
10 ‘electrode and said negative electrode, wherein two
opposite surfaces of said porous separator face said
cathode active material 1éyer and said anode active
material layer, respectively,
said positive electrode, séid negative electrode
15 and said separator being disposed in said casing,
.operatively with said electrolyte,
said porous separator comprising at least one
layer of an aggregate form of particles of at least one
insulating substance, wherein said at least one layer
20 of. the aggregate fbrm of particles has a three-dimen-
sional network of_voids which function as pores in said
porous separator and which are capable of passing ions

therethough.'

25 2. The battery according to claim 1, wherein said

HIIlIII 0 T U |I|l




pared in substantially the sane manner as in the prepa- Tation of Séparator
13B, except .that the sanple separa- tor was formed onpg sibesHasBREERPhceaN

al um num foi I* and 15 then, the obtai ned sanple se ' el.ed
off fromthe dish. Negative el ectrode 12 having separ amlluﬂmum ﬂ!‘ was
~conposed of an aggregate formof particles o; 0l yet hyl , ctly
formed, in an imobilized 20 . form on %%de active material |ayer
12b) was fabricat- ed so as to have a surface area of 1.55 cmx 1.05 cm

(The surface areas, ol ,36ng0akoksod A A0Hod SB,0E: 8Ls | Acpiagts (andarcis

surfaces of both ef%cTYodBsE tarned positive el ectrode sheet

and 25 the opigiged; pROSLIYCpRL-EEL104CLSNERErdRY CoERADEAEE parti-

cles together.

5 3. The battery according to claim 1 or 2, wherein
said porous separator is directly formed; in an immo-
bilized form, on at least one active material layer
selected from the group consisting of said cathode
_active material layer and said anode active material

10 layer.

4. The battery according to any one of claims 1 to 3,
wherein said porous separator has a porosity of 10 & or
more as measured in the dry state of said porous sepa-

" 15 " rator.

5. The battery according to any one of claims 1 to 4,
wherein said porous separafor has an ion conductive
property ascribed to a factor other than said voids of

20 said aggregate form of particles.

6. The battery according to any one of claims 1 to 5,
wherein said insulating substance is an inorganic sub-

stance.
25

| THIS SHEET HAS BEEN
'REPLACED

T



88 that cathode active material |ayer 11b and anode actlve_nnLeLLa#~%ayer'
12b were arranged in a positional rela- tionship opposite to each ot{k laced
t hr ough-~separators 13A and 13B respectively fornmed on caT

material 5. |l ayer 11lb and anode active materi al Iayer
obtain a sanple unit cell having a structurg S shown in
obt ai ned ‘sanple unit cell, the total thickn g of the separator

respectively formed on cathode active material |layer 11b and anode 10

active material layer 4gB Bag+épyPbcob@ilgOto! BRy one of claims 1 to 5,

wherein said insulating substance is an organic sub-

stance.

5 8. The battery according to any one of claims 1 to 7,
wherein said aggregate form of particles comprises
particles of at least two different insulating sub-

stances.

10 9. The battery according to any one of claims 1 to 8,
wherein said porous separator comprises at least two
layers respectively comprised of different aggregate

forms of particles.

15_ 10. The battery according to any one oflclaims 1 to 9,
wherein said separator comprises a first separator
layer comprising at least one layer of an aggregate -
form of particles of at least one inorganic insulating
substance and a second separator layer comprising at

20 least one layer of an aggregate form of particles of at
least one organic insulating substance, said first
separator layer being directly formed, in an immo-
bilized form; on one active material layer selected
from said cathode active material layer and said anode

25 active material layer, said second separator layer

THIS SHEET HAS BEEN
REPLAGED

————————
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obt ai ned sanple unit cells was i mersed in an el ectro- | yt“i'"é_"ri_qm'd”'\i\m“ch' )
had been prepared by dissolving LiPF6 in a m xed sol vent This SkdefTds BB R
carbonate--(BE€) and diethyl carbonate (DEC) (EC DEC vol une

Li PF6 concentration: 1.0 nol/liter), and the charge/disch !‘mtu m
was conducted under the sanme conditions as ijfgkxanples 2,

(Exanple.6) Wth respect to the sanple unit cell, the dis- charge capacity.
|l owering ratio (% between the 10th 20 - cycle and the 11th cycle and
the discharge capaséing! @es&buyr bihed?) iRchneanindbellZéd £yehp endthde
13th cycle were calcul ated. Results are shown in Table 5. In Table 5, the
data shown as the d¢tisettscoivéonpbeniayel&yanprendinirg t betwepnodatdi on of

t he
cathode active material layer and said anode active

material layer.

5

11. The battery according to any one of claims 1 to
10, wherein said electrolyte is a non—aqueous.electro—
lyte.

10 12. The battery according to claim 11, wherein said
'non—aqueous electrolyte contains lithium ions.
13. Thg batfery according to claim 11 or 12, wherein
said cathode active material lafér comprises lithium

15 manganate. |
14. A method for producing a battery, comprising:

(1) individually providing a positive electrqde
comprising a cathode active material layer and a nega-

20 tive electrode comprising an anode active material
layer;

(2) coating a dispersion of a mixture of parti-
cles of at léast one insulating substance and a binder
for said particles in a dispersion medium on at least

25 one active material layer selected from the group

—

A




25 results of Conparative Exanple 2 shown in Table 2' 89 above. 5
10 15 20 25 _ T T e —

— —~.

at ‘This Sheet Has Been Replace
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consisting of said cathode active material layer and

vy

A

said anode active material layer;
(3) removing, by evaporation, the dispersion
medium of said dispersion coated on said at least one
5 active material layer to form a layer of an aggregate
form of said particles, wherein said particles are
bound together by means of said binder, thereﬁy provid~
ing a porous separator formed directly, in an immo-
bilized form, on said at least one active material
10 layer, wherein said layer of an aggregate form of
particles has a three dimensional network of voidé; and
(4) disposing said positive electrode and said
negativg electrode, at least one of which has the
porous separator formed on the éﬁtive material layer
15 thereof, in a casing so that said cathode active mate-
rial layer and said anode active material layer are
arranged, operatively with an electrolyte contained-in
said casing, in é positionéllrelationship opposite to
each other through the porous separator formed on said

20 at- least one active material layer.

25
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90 [err] - 91 As can be seen from Table 5, the sanple unit cell obtained-
in Exanple 6 had a markedly smal |- di'scharge capacity lowering ratio (%
bet ween~t-he&-12t h cycle (in which the discharge current. density was 1/30C)
and the.5 13th cycle (in which the discharge current density was
2.0C), as conpared to the sanple unit cell obtained in Conparative Exanple
6 in which the separator used had the sane tHi&kness as that of the
separator used in

ABSTRACT OF THE DISCLOSURE

Disclosed is a battery comprising a positive
electrode comprising a cathode active material layer, a
negative electrode comprising an anode active material
5 layer, and a porous separator disposed between the
positive electrode and the negative electrodé, wherein
the positive electrode, the negative electrode and the
separator are disposed in a casing containing an elec-
trolyte, and wherein fhe porous separator comprises at
10 least one layer of an aggregate form of particles of at
least one insulating substance; the layer of the ég—
gregate form of particles having a three—dimenéional
network of voids which function as pores of the poréus
separator ana which are capable of passing ions there-
15 - through. The battery of the present invention is
advantageous not only in that the battery exhibits
excellent discharge characteristics even at a high
. discharge current density without sacrificing safety,
but also in that a large amount of active materials can
20 bé accommodated in the battery per unit volume thereof,
as compared to the'amoﬁnts in the case of conventional
batteries, so that the battery can exhibit a high

performance.

25



Exanples 5. That is, the battery of the present inven- 10 tion has
| mpr oved di scharge ‘characteristics at a high current density, which are
superior to those of a bat- tery using a conventional mcroporous PE film
separa- tor. As already nmentioned above, the reason for this is presumed to
reside in that the separator used in the 15 j present invention has a
uni que pore structure which is nore effective for achieving a high ion
conductive property than the pore structure of the above-nentioned
conventional separator, and that, g4erEoofUTREAINVENTIIONEd i0N
conductivity of the separator, the sanpre 20 unit cell using the
separator used in the NyRSEHatteSptamd mxthdd t for nprodedidgsther geme
characteristics at a high current density.

BACKGROUND OF THE INVENTION

Field of the Invention

5 The present invention relates to a novel battery
and a method for producing the same. More particular-
ly, the present invention is concerned with a non-
aqueous secondary battery comprising a positive elec-
trode comprising a cathode active material layer, a

10 negative electrode comprising an anode active material
layer, and a porous separator which is disposed bet-
ween the positive electrode and the negative electrode
and which is directly formed, in an immobilized form,
on at least one active material layer selected from the

15 group consisting of the cathode active material layer
and the anode active matérial layer, wherein the posi-
tive electrode, the negative'electrode and the seﬁara—
tor are disposed in a casing containing a non-aqueous
electrolyte, and wherein the porous separator comprises

20 at least one layer of_an aggregate form of particles of
at least one insulating substance and a binder whiéh is
mixed with the particles to thereby bind the particles
together, the layer of the aggreéate form of particles
having a three-dimensional network of voids which

25 function as pores in the porous separator and which are

This {8 the replécemerit sheet
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Further, in the case of the sanple unit cell of Exanple 6, which has a
doubl e-separator structure 25- (conprised of separator 13A and
separator 13B) forned 92 between positive electrode 11 and negative

el ectrode 12, in which separator 13A (forned on cathode active materi al

| ayer 1la) conprises a layer of particles of ,an inorgani c conpound having a
hi gh nelting point (2055 5 [err]C) and @parator 13B (formed on anode
active material layer 12a) conprises a |layer of particles of a synthet- ic

resin having a | oy mll] 00, POLOLs {140 bRETEfdretRfough. The present
invention is also concerned with a method for producing
the above-mentioned novel battery. The battery of the
present invention is advantageous not only in that the
5 battery exhibits excellent discharge characteristics

even at a high discharge current density without sacri-

10

15

20

25
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doubl e-separator structure also functions as a fuse. That is, when a
battery having such a doubl e-separator 10 structure is caused to have
a high tenperature, only the resin particles contained in separator 13B are
melted and the resultant nolten resin closes the voids of separator 13A to
t hereby shut off the current (i.e., the doublg separator structure
functions as a fuse). 15 Exanple 7 Using a sanple unit cell having a
structure as. shown in Fig. 7(b), the charge/di scharge cycle charac-

teristics of the RAEIY Ghuldielr 6SEH Bmi;%m%?@onvenu@ef@in ned in

substantially the sang manner as in Exam ples 1, 2,
separator, use must be made of a,large amount of the

separator which is produced by the above-mentioned
cumbersome, costly method, so that the ratio of the
5 cost for the separator to the total cost for the bat-

tery becomes relatively high. Therefore, especially in
the case of the above-mentioned non-aqueous battery,
such as the lithium ion seéondary battery, in which the
conventional resin film separator is used, a large area

10 of separator is needed due to the above-mentioned
unigque construction of such a battery and the cost for
the separator becomes disadvantageously high, thereby
reﬁdering high the production cost for the battery.

SUMMARY OF THE INVENTION

15 The present inventors have made extensive and
intensive studies with a view toward developing a
battery which is free from the above;mentioned problems
and which not only has high performance and high safe-
ty, but also can be produced at low cost. As a result,

20 it has unexpectedly been found that a specific non-
agueous secondary battery as defined below is advanta-
geous not only in that the battery exhibits excellent
discharge characteristics even at a high discharge
current dénsity without sacrificing safety, but also in

25 that a large amount of active materials can be accommo-

This is the replacement sheet

Dabe: ZZAPRW



Sheet el ectrodes were individually produced as follows. (Positive

el ectrode) 25 LiMi[err]dJerr] as a cathode active material, a

| anel | ar 93 graphite as a filler and a fluororubber as a binder
(Li=Mh[err]err]/lanellar graphite/fluororubber weight ratio: 100/6/1.96)
were mxed in a mxed solvent of ethyl acetatg and ethyl cellosolve (ethyl
acetate/ethyl 5 cel l osolve volune ratio: " 1/3) to thereby obtain a
paste for coating. The obtai ned paste was applied to one

dated in the battery per unit volume thereof, as com-
pared to the amounts in the case of conventional bat-
teries. Such a specific béttery.comprises a positive
electrode comprising a cathode active material layer, a
5 negative.electrode comprising an anode'active material
layer, and a porous separator which is disposed between
the positive electrode and the negative electrode and
which is directly formed, in an immobilized form, on at
least one active material layer selected from the group
10 consisting of the cathode active material 1ayer and the
anode active material layer, wherein the positive
electrode, the negative electrode ana the separator are
disposed in a casing containing a non-aqueous electro-
lyte, and wherein the porous separator comprises at
15 least one layer of an aggregate form of particles of at
least one insulating substance and a binder which is
mixed with the particles to thereby bind the particles
together, the layer of the aggregate form of particles
having a three—dimensionai network of wvoids which
20 function as pores in the porous separator and which are
capable of passing ions therethrough. The present |
invention has been completed, based on the above novel
findings.
Accordihgly; it is a primary object of the present

25 invention to provide a high performance battery which
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surface of alumnumfoil 1la (a current collector) having a thickness of 15
pm followed by drying. The resultant coated alum numfoil was pressed by

means of 10 a calender roll, to thereby obtain positive el ectrode 11
havi ng a 112 pmthick cathode active material |ayer 11b.. (Negative
el ectrode) A nesophase pitch carbon fiber graphite and a 15 - - lanellar

graphite, each as an anode active material, c ?boxymet hyl cellul ose as a
di spersing agent, a latex as a binder (nmesophase pitch carbon fi ber

hite/. lanellarg ' | | t i -
IR e B

90/10/1.4/1.8) were mXxe _ _ aln
paste for coating. oxfaq 1RS¢ HIAY characteristics even at a high dis-

charge current density without sacrificing safety, but
also in that a large amount of active materials can be
5 accommodated in the battery per unit volume thereof, as

compared to the amounts in the case of conventional

1o

15

20

25
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was applied to one surface of copper foil 12a (a cur- re C I??@ag—-c(
having a thickness of 12 pm followed by drying.- The res%%a ofo) '

copper foil was pressed by neans of a&%w?ﬁwgl to thereby:obtain 25,
negati ve el ectrode 12 having 81 pmt hggCkgangdegacki ve 94 material | ayEiER

12b. (AggBP@E e form of %?Fﬁbg%ﬁg‘%wg&ﬁ%% An i

aggregate formof particl t1 ng S prepared

by the nethod described bel ow
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Abstract
D A cell comprising an electrolyte container in which a positive plate with a positive active material layer arld a negative plate with a
negative- active material layer are disposed with a porous separator interposed. The porous separator comprises at least one layer of
insulating particles, which has a three-dimensional network structure of pores so that pores may allow the passage of ions. :I'he cell can
| exhibit excellent discharge characteristics at a high current density without spoiling safety, can increase the amounts of the active materials
that can be stored per unit volume of the cell and can exhibit higher performance than the conventional cells.




using the materials described below. (Mterials used) Particles of an
I nsul ating substance: Particles of a-Al[err]Jerr] having an average
particle diameter of 1.Q 10 Binder: Polyvinylidene fluoride (PVDF)

(KF#llO-p-,—-rra-n-u'f-atrured'?rrd—sord—b'y—Kurerna chem car_1rnaustry Co., Ltd., -
Japan). Soﬁep? :ghrret hyl - 2-pyrrol i done (NWP). 15 (Preparation
nmet hod) } Parti cl es of .a- A1203 and particles of PVDF (a- Al1203/ PVD wei ght

ratio: 100/5) were mxed with each other to obtain a powder m xture. Then,
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20, having a solids content of 56.8 % by weight. Using a doctor bl ade,
the obtained slurry was applied, in a predeterm ned uniformthickness, to
each of the surface of cathode active material |ayer 11b of positive
el-ectrode 11 and the surface of anode active 25 *~ material |ayer 12b of
negative el ectrode 12, foll owed 95 by dryiqg in an oven at 120 [err]C
for 15 mnutes, to thereby obtain separators 13A and 13B, wherein each of
separators 13A and 13B was conposed of a | ayer of an aggregate form of

particles of a-Ajgrrl ChRbal aBRdvechatar9aE layer

13 : Conventional separator

132 Separator used in the present invention, which is

directly formed, in an immobilized form, on the
5 : surface of a cathode active material layer.
13B : Separator used in the present invention, which is
directly formed, in an immobilized form, on the
surface of an anode active material layer.

13C Separator used in the present invention, which is

10 directly formed, in an immobilized form, on each
of the surface of a cathode active material layer

and the surface of an anode active material layer.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

15 . Essentially, according to the present invenfion,
there is'prbvided a non-agueous secondary battery
comprising:

a casing,
a non-aqueous electrolyte contained in the casing,

20 | a positive electrode comprising a cathode active
material layer,

a negative electrode comprising an anode active
material layer, and
a porous separator disposed between the positive

25 electrode and the negative electrode, wherein two
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5. 13A and 13B were directly formed, in an immobilized form on cathode
active material |ayer 11b and anode active material |ayer 12b,

respectively. Each of separators 13A and 13B had a porosity of 52 % The
porosities of separators 13A and 13B were neasured by 10 means of a
mercury porosineter (manufactured and sold b% Shi madzu Corp., Japan) with
respect to sanple sepa- rators prepared in s %stantially t he sanme manner as
in the preparation of separator 13A and the preparation of separator 13B,

on 8. di Sh made. of SERCHIOR RUREFR" At e Romsall SR Ree g, o™

Positive el ect rodeaﬂci,oﬁav' Q&ﬁ%%ﬁ%%é%&@y “alhd"%éj'a{r%‘éé Yad@fypd. 1N

an imobilized form on
materlal layer, respectlvely,

the positive electrode, the negative electrode -and
5 | the separator being disposed in the casing, operatively
with the electrolyte,
the porous separator comprising at least one layer
of an aggregate form of particles of at least one
insulating substance and a binder which is mixed with
10 the particles to thereby bind the particles together,
which porous separator is directly formed, in an immo-
bilized form, on at least one active material layer
selected from the group consisting of the cathode
active material layer and the anode active material
15 léyer, wherein the at least one 1ayer'of the aggregate
form of particles has a three-dimensional network of
voids which function as pores in the pofous separator
and which are capable of passing ions therethrough.
For an éasy understanding of the'present inven-~
20 tion, the essential features and various preferred
embodiments of the present invention are enumerated
below.
1. A non—aéueous secondary battery comprising:
a casing,.

25 a non-agueous electrolyte contained in the casing,
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cat hode active material layer 11b) was fabricated so as 20 to have a
surface area of 1.5 cmx 1.0 cm Negative el ectrode 12 havi ng separ at or
13B (which was directly formed, in an imobilized form on anode active
materi- al |ayer 12b) was fabricated so as to have a surface area of 1.55
cmx 1.05 cm (These surface areas are of 25 the face-to-face surface
of both el ectrodes.) 96 Then, the obtainé&apositive el ectrode sheet and
t he obt ai ned negative el ectrode sheet were conbi ned so that cathode active

material |ayer 11b andaaﬁggftﬁggigfectrode comprising a cathode active

material layer,
a negatiﬁe electroae comprising a anode active
material layer,

5 a porous separator disposed between the positive
electrode and the negative electrode, wheréin two
opposite surfaces of the porous separator face the
cathode active material layer and the anode active
material layer, respectively,

10 the positive elecfrode, the negative electrode and
the separator being disposed in the casing, operatively
with the electrolyte,

the porous separator comprising at least one layer
of an aggregate form of particles of at least one

15 insulating substance and a binder which is mixed with
the'particles to thereby bind the particles together,
which porous separator is directly formed, in an immo-
bilized form, on at least one active material layer
selected from the group consisting of the cathode

20 active material layer and the anode active matefial
layer, wherein the at least one layer of the aggregate
form of particles has a three-dimensional network of
Qoids which function as pores in the porous separator
and which are capable of passing ions therefhrough.

25 2. The non-agqueous secondary battery according to
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material |ayer 12b were arranged in a positional rela- 5 tionship
opposite to each other through separator 13A fornmed on cathode active
material |ayer 11b and separa- tor 13B forned on anode active naterial

| ayer 12b, to thereby obtain a sanple unit cell having a structure as shown
in Fig. 7(b). In the obtained sanple unit cell, 10. t he total

t hi ckness of the separators respectively forfdd on cat hode active materi al

| ayer 11b and anode active material |layer 12b was 25 [err]m The obtai ned

I It |1 ' di I lytic |iguid ' h o]
serple unt cell o TRGacs, | hogh ool |l Ied Beoe.

b t EC d.diet - t C HoN d
corponate (50) and.) Rl W, BRI 5l okl 50 ol 4y b o

Li PF6 concentrati on: nol™/ I e char
porous separator.

3. The non-aqueous secondary battery according to
5 item 1 or 2 above, wherein the porous separator has an

ion cbnductive property ascribed to a factor other than
the voids of the aggregate form of particles.
4. The non-aqueous secondary battery according to any
one of items 1 to 3 above, wherein the insulating

10 substance is an inorganic substance.
5. ' The non-agqueous secondary battery according to any
one of items 1 to 3 above, wherein the insulating
‘substance is an organic substance.
6. The non-aqueous secondary battery according to any

15 one of items 1 to 5 above, wherein the aggregate form
of particles comprises'particles of at least two dif-
ferent insulating substances.
7. The non-agqueous secondary battery according to any
one of items 1 to 6 above, wherein the porous separator

20 comprises at least two layers respectively comprised of
different aggregate forms of particles.
8. The non-aqueous secondary battery according to any
one of items 1 to 7 above, wherein the separator com-
prises a first separator layerlcomprising at least one

.25 layer of an aggregate form of particles of at least one

] . THIS SHEET HAS BEEN
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cycle test was conducted under the sanme conditions as in Exanples 2, 4, 5
and 6. (Exanple 7) 20 In Conparative Exanple 7, a sanple unit
cell was prepared as follows. Positive electrode 11 and nega- tive

el ectrode 12 were individually obtained in sub- stantially the same manner
as in Exanple 7. The ob- tained positive eleitrode 11 and negative

el ectrode 12 25 were fabricated so as t8 have a surface area of 1.5
cm 97 x 1.0 cmand a surface area of 1.55 cmx 1.05 cm respectively.

(These surface ar%%%f%g%fg fﬁgifg¥§ﬁé(§ubstance and a second separator
layer comprising at least 6ne layer of an aggregate
form of particles of at least one organic insulating
substance, the first separator layer being directly

5 - formed, in an immobilized form, on one active material
layer selected from the cathode active material layer
and the anode active material layer, the second separa-
tor layer being directly formed, in an immobilized
form, on the other active material layer remaining

10 between the cathode active material layer and the anode
active material layer. |
9. The non-aqueous secondary battery according to any
one of items 1 to 8 above, wherein the non-aqueous
electrolyte contains lithium ions.

15 10. The non-aqueous secondary battery according to ény
one of items 1 ot 9 above, wherein the cathode active
material layer comprises lithium manganate.

11. A method for producing a non-aqueous secondary
battery, comprising:

20 (1) 4individually providing a positive electrode
comprising a cathode active material layer and a nega-
tive electrode comprising an anode active material
layer:;

(2) coating a dispersion of a mixture of parti-

25 cles of at least one insuléting substance and a binder
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face surface of both electrodes.) Then, the obtained positive el ectrode
sheet, the obtained negative elec- 5 trode sheet and separator 13 {a

m croporous polyethy- lene (PE) filmhaving a thickness of 25 [err]mand a
poros- ity of 36 % were conbined so that cathode active material |ayer 11b
and anode active material |layer 12b were arranged in a positional

rel ati onship opposite to 10 each ot her %ﬁrough separator 13 to thereby
obtain a sanple unit cell having the structure as shown in Fig. 1(B). The

obt ai ned sanple unit %E‘%;P\é%ﬁ‘d;c?e; ed i ;ﬁg.ltsrjp%[r}ar{)% %eeé:iturré)lalri Lagt Liegégtd as

in Exanple 2, and*Pfe e % St was conduc nder ~ t he

ol e poame Condnb 843:9% bRt Yafer Vo) JARRE Frdi? GRF hRfud N
consisting of the cathode active material layer and the
anode active material layer; |

-5 (3) removing, by evaporation, the dispersion
medium of the dispersion coated on the at least one
activé material layer to form a layer of an aggregate
form of the particles, wherein the particles are bdund
together by means of the binder, thereby providing a

10 porous separator formed directly, in an immobilized
form, on the at least one active material layer, wher-
ein the layer of an aggregate form of particles has a
three dimensional nétwork_of voids; and

(4) disposing the positive electrode and the

15 negative electrode, at least one of which has the
porous separator formed on the active material layer
thereof, in a casing so that the cathode active materi-
al layer and the anode active material layer are ar- |
ranged, operatively with a non-aqueous electrolyte

20 contained in the ¢asing, in a positional relationship
opposite to each other through the porous separator
formed on the at least one active material layer.

In the battery of the present invention, the
porous separator used therein, which comprises an

25 aggregate form of particles of at qusf“qne insulating
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obtained in Exanple 7 and the sanple unit cell obtained in Conparative
Exanpl e 7, the discharge capacity lower- ing ratio (% between the 10th
cycle and the 11th cycle 20 and the discharge capacity lowering ratio
(%9 between the 12th cycle and the 13th cycle were ¢al cul ated. Results are
shown in Table 6. 25 98 [err] 24 :

tic liquid {e.g., polyacryleonitrile, poly(methyl metha-
crylate) and poly(vinylidene fluoride)}:; and a method
. in which use is made of particles of at least one
insulating substance and/or another substance used in a
5 mixture of the particles, wherein the insulating sub-
stance and/or another sﬁbstance is a material, e.g., a
composite of an alkaline metal salt with poly(ethylene
oxide), poly(propylene oxide), a polyphosphazene or the
like, namely a material obtéined by impregnating a
10 solid with a solution of an electrolyté in a solvent,
and removing the solvent by evaporation from the im—.
pregnated solid.
In the embodiment mentioned in item 6 above, use
is made of a porous separator -comprising an aggregate
15 form of particles of at least two different insulating
substances. 'In the embodiment mentioned in item 7
above, use is made of a porous separator comprising at
least two layers respectively comprised of different
aggregate forms of particles. In the embodiment men-
20 tioned in item 8 above, use is made of a porous sepa-
rator comprising a first separator layer comprising at
least one layer of an aggregate form of particles of at
least one inérganic insulating substance and a second
separator layer comprising at least one layer of an

25 aggregate form of particles of at least one organic
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99, As can be seen from Table 6, the sanple unit cell obtained in Exanple 7
had a markedly smal| discharge capacity lowering ratio (% between the 12th
cycle (in which the discharge current density was 1/3C) and the 5 13t h
cycle (in which the discharge current density was 2. 0C), as conpared to the
sanple unit cell obtained in Conparative Exanple 7 in which the separator
used had the sane thickness as that of the éggarator used in Exanple 7.

That is, the battery of the present inven- tlon has i nproved

di scharge characteri

i cs. at h v h k
those of a bat- té??gﬁllgﬁﬁgasgf?ﬁ{; C(u;\;l %F%SIO? C a,re %:é;?‘fl ein

is intended to indicate that the chemlcal compositions
are different and that the properties, such as melting
point, are different despite the fact that the chemical
5 compositions are the same. According to each of the
above-mentioned embodiments, it is possible to impart
the separator with the ability to function as a fuse.
.As an example of the batteries according to the embodi-
ment of item 6 above there can be mentioned a battery
10 in- which the layer of an aggregate form of particles
comprises a mixture of particles of an inorganic oxide
having a high melting point (e.g., 1,000 °C or more)
and particles of a resin having a low melting point
(e.g., 200 °C or less). As an example of the batteries
-15 according té the embodiment of item 8 above, there can
be mentioned a battery in which thg sebarator comprises
a firét separator layer of an aggregafe form of parti—.
cles of an inorganic oxide having a high melting point
(e.g., 1,000 °C or more) and a second separator layer
20 of an aggregate form of particles of.a resin having a
low melting point (e.g., 200 fC or less), wherein the
first separator layer is directly formed, in an immo-
bilized form; on the cathode active material layer and
the second separator layer is directly formed, in an

25 immobilized form, on the anode active material layer.
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tor. As already nentioned above, the reason for this is presuned to reside
in_that the separator used in the 15 present invention has a uni que
pore structure which is nore effective for achieving a high ion conductive
property than the pore structure of the above-nenti oned conventi onal
separator, so that, due to such an im prove% Il on conductivity of the
separator, the sanple 20 unit cell usi & the separator used in the-
present invention exhibits inproved di scharge characteristics at a high

di scharge current i»%;yn%eﬂ,m te ;f%cd@.g&)ﬁ% Lidd émbodiment of ¢88h of

battery of the presen nt a-
items 6 and 8 above is caused to have a high tempera-

ture, only the resin particles contained in the separa-
tor are melted and the resultaﬁt molten resin closes
5 the voids of the separator to thereby shut off the
current (i.e., the separator functions as a fuse), so
that the safety of the battery can be secured.
With respect to the type of the battery of the

present invention, there is no particular limitation,

10 and the battery of the present invention may be, for
exampie, a primary battery, such as a manganese diox~
ide-lithium battery and a graphite fluoride~lithium
battery; a secondary battery using an agqueous electro-
lytic liquid, such as a lead storage battery, a nickel-

15 cadmium battery and a nickel-hydrogen battery; or a
secondary battery using a non-agueous électrolyfic
liguid, such as a lithium ion secondary battery.

With respect to the casing usable in the battery

of the present invention, there is no particular limi-

20 tation. Examples of casings include a can made of
aluminum, stainless steel, iron or nickel; a plated can
made of iron; a casing formed from a material having a
laminate strﬁcture; and a casing formed from a resin
film.

25 " In the case of a battery of the present invention,
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100 geous not only in that the battery exhibits excellent discharge
characteristics even at a high discharge current density wthout
sacrificing safety, but also in that a |arge anount of active naterials can
be accommp- 5 dated in the battery per unit volune thereof, as com
pared to the anobunts in the case of conventignal bat- teries, so that the
battery of the present invention can exhibit bin extrenely high perfornmance,
as conpared to conventional batteries. Further, the battery of the 10

Ffese”t | nvent | O hsSfis SERhBL! a8UER BxlhBRePE hO" TRAGE AT LePatliTB3ct and
I ght wei ght form
13B was also formed on anode active material layer 12b.
(Example 1-B) In the obtained sample unit cell of Fig.
7(b), the total thickness of the separators respective-
5 ly formed on cathode active material layer 1l1b and on
anode active material layer 12b was 50 pm. Each of the
obtained sample unit cells was immersed in an electro-
lytic liquid-which had been prepared by dissolving
LiBF, in a mixed solvenf of propylene carbonéte (PC),
10 ethylene carbonate (EC) and 7-butyrolactone (7-BL)
(PC/EC/7-BL wvolume ratio: 1/1/2, and LiBF, concentra-
‘tion: 1.0 mol/liter), and the charge/discharge cycle
test was conducted under the following conditions.
(Charge/discharge conditions)
15 - Temperature : 25 °C
(1st cycle)
Charge : The charging operation was conducted
for 8 hours, in which the operation was started at a

current density of 1.0 mA/cm2

and, after the voltage of
20 the unit cell became 4.2 V, the current density was
controlled so as to maintain the voltage at 4.2 V.
Discharge: The discharging operation was conducted
ét a current'density of l.b mA/cm2 {corresponding to

1/3C, wherein C indicates the discharge rate (1.0C

25 corresponds to a discharge current at which a fully
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an electrol yte

a positive electrode conprising a

a negative el ectrode conprising an anode

68

A battery conprising: a casing,
5

| ayer,
and

| ayer,

101 A ains 1.

25

coptained in said casing,

cathode active nmateri al
active materi al

20

-001 x (T-Wg/p(T-Wg. g7 .
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a porous separator di sposed between said positive 10 el ectrode and
sai.d negative el ectrode, wherein two opposite surfaces of said porous
separator face said cathode active material |ayer and said anode active
mat-eri al | ayer, respectively, said positive el ectrode, said negative

el ectrode 15 and said separator being disposed in said casing,
operatively with said electrolyte, said poroJ separator conprising at

| east one |ayer of an aggregate formof particles of at |east one

i nsul ati ng substance, wherein said at |east one |ayer 20 of -t he
aggregate form of pargd -ee-di nen- sional network of voids

whi ch function as porles igé%aid porﬁus separ ator and which are capabl e of
passi.ng ions sl
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S

| east one active materi al

wherein said
cat hode active materi al

3.

5

wherein said porous separator

bilized form o

The battery accoraing to claiml,
at
B3 g

por ous separatér further conprises a binder which is mxed with said

2.

in an i nmo-

particles to thereby bind said parti- cles together.

battery according to claim1l or 2,

directly forned,
| ayer selected fromthe group consisting of

| ayer and sai d anode active materi al

t her et hough. 25
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15, 10. The battery according tao any one of claims 1 to 9, wherein
sai d separator: conprises a first separator |“ayer conprising at |east one

| ayer of an aggregate formof particles of at |east one inorganic

i nsul ati ng substance and a second separator |ayer conprising at 20

| east one | ayer of an aggregate formof particles of at |east one organic

I nsul ating substance, said first separator Fg}er being directly formed, in
an imo- bilized form on one active material |ayer selected fromsaid

cat hode active material |layer and said euu5¥%f§% active material |ayer,
sai d second separator |ayer REPLACED e :

1. A non-aqueous secondary battery comprising:

a casing,

a non-agueous electrolyte contained in said cas-

5 ing,

a positive electrode comprising a cathode active
material layer,

a negative electrode comprising an anode active
material layer, and

10 _ . a porous separator disposed between said positive
electrode and said negative electrode, wherein two
dpposite surfaces of said porous separator face said
cathode.active material layer and said anode acti&e
material layer, respectively,

15- : said positive electrode, said negative electrode
and said separator being disposed in said caSing,
operatively ﬁith said electrolyte,

said porous separator comprising at least one
layer of an aggregate form of particles of at least one

20 insulating substance and a binder which is mixed with
said particles to thereby bind said particles together,
wherein said porous separator is directly formed, in an

_ immobilized form, on at least one active material layer
selected froﬁ the group consisting of said cathode

25 - active material 1éyer and said anode active material

NINIL e s e opiscomont shee
* [ L M S *
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_

104 being directly forned,

mat eri al | ayer-

claims 1 to 10, wherein said electrolyte is a non- aqueous

sard anode active nmaterial layer. 5 11. The battery accor “

12. The battery according to claim1l, wheng2n said non-

el ectrolyte contains lithiumions.

12, wherein said cathode active material |ayer conprises |ithium

10

15

20

25

layer, and wherein said at least one layer of the ag-
gregate form of particles has a three-dimensional
network of voids which function as pores in said porous
separator and whiéh are capable of passing ions there-

though.

2. The battery according to claim 1, wherein said
porous separator has a porosity of 10 ¥ or more as

measured in the dry state of said porous separator.

3. The battery according to claim 1 or 2, wherein
said porous separator has an ion conductive property
ascribed to a factor other than said voids of said

aggregate form of particles.

4. The battery according to any one of claims 1 to 3,
wherein said insulating substance is an inorganic sub-

stance.

5. The battery according to any one of claims 1 to 4,
wherein said insulating substance is an organic sub-

stance.

6. The battery according to any one of claims 1 to 5,

wherein said aggregate form of partiglés comprises

A 0GR U ™ REPLACED |

in an i mmobilized form on the oLheL—aGLLve——-—-
remai ni ng betmeen sai d cat hode active naterlal Iayer

10

13. The battery according to claim1l or

This is the replacement sheet
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15 manganate. 14. A nethod for producing a battery, conprising: (1)
irigi vi dual I'y provi ding a positive electrode conprising a cathode active —
material |ayer and a nega- 20 tive el ectrode conpri smESacetHa(BdexR

active material layer; (2) coating a dispersion of a m xtur
of at |east one insulating substance and a hinder for said
di spersion nediumon at |east 25 one 383 ve materi al ayer se

fromthe group 105
particles of at least two different insulating sub-

stances.

7. The battery according to any one of claims 1 to 6,
5 wherein said porous separator comprises at least two
layefs respectively comprised of different aggregate

forms of particles.

8. The battery according to any one of claims 1 to 7,

10 wherein said separator comprises a first separator
layer comprising at least one layer of an aggregate
form of particles of at least-one inorganic insulating
substance and a second separator iayer comprising at
least one layer of an aggregate form of particles of at

15 least one organic insulating substance, said first
separator layer being directly formed, in an.immo-
bilized form, on one.active material layer selected
from said cathode active material layer and said anode
active material layer, said second separator layer

20 being directly formed, in.én immobilized form, on the
other active material layer reﬁaining between said
cathode active material layer and said anode active

material layérQ

25 9. The battery according to any one of claims 1 to 8,
This is the replacemgnt sheet
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consisting of said cathode active material |ayer and said anode active
material |ayer: (3) renoving, by evaporation, the dispersion nediumof said
di spersion coated on said at l'east one 5 active material layer to form
a kayer of an aggregate formof said particles, wherein said particles are
bound together by neans of said binder, therge provid- ing a porous
separator fornmed directly, in an inmmo- bili form on said at | east one
active material 10 | ayer, wherein said | ayer of an aggregate form of

particles has a th i i |1 f1 Qi ds: ' S aid
positive el ect rodé’ﬁ']%%&qggi%g’ r?ggianl \r/ggu\gge‘}c% %01 ﬁxgéxtg%éné%\ae% pl\?%‘l:hc as
t he porous separatgr forned on the active material |ayer

10. The battery according to any one of claims 1 to 9,
5 wherein said cathode active material layer comprises

lithium manganate.

~11. A method for producing a battery, comprising:
(1) dindividually proyiding a positive electrode
10 comprising a cathode active material layer and a nega-
tive electrode comprising an anode active material
layer;
(2) coating a dispersion of a mixture of parti-
cles of at least one insulating substance and a binder
15 for said particles in a dispersion medium on at least
one active material layer selected from the group
consisting of said cathode active material layer and
said anode active material layer;
(3) removing, by evaporation, the dispersion
20 medium of said dispersion coated on said at least one
active material layer to form a layer of an aggregate
form of said particles, wherein said particles are
bound togethér by means of said binder, thereby provid-
ing a porous separator formed directly, in an iﬁmé—

25 bilized form, on said at least one active material

- This is the replacement sheet
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15 thereof, in a casing so that said cathode active mate- rial |ayer
and sai d anode act’ive material |ayer are arranged, operatively with an
el.ectrolyte contained in said casing, in a positional relationship opposite
t® each other through the porous separator formed on said 20 at | east
one active material |ayer. 105 .

layer, wherein said layer of an aggregate form of
particles has a three dimensional network of voids; and
(4) disposing said positive electrode and said

negative elecfrdde, at least one of which has the

5 porous separator formed on the active material layer
thereof, in a casing so that said cathode active mate-
rial layer and said anode active material layer are
arranged, operatively with an electrolyte contained in
said casing, in a positional relationship opposite to

lQ each other through the porous separator formed on said

at least one active material layer.

. ARER ) Hl[lm
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item 1 above, wherein the porous séparator has a poros-
ity of 10 % or more as measured in the dry state of the
porous.separator.

3. The non-agqueous secondary battery according to
item 1 or 2 above, wherein the porous separator has an
ion conductive property ascribed to a factor other than
the voids df the aggregate form of particles.-

4. The non-aqueous secondary battery according to any

‘one of items 1 td:%:above, wherein the insulating

substance is an inorganic substance.

5. The non-agueous secondary battery_according to any

" one of items 1 to 3 abéve, wherein the insulating

substanqe is an organic substance.

6. The non-agueous secondary'battery according to any
one of items 1 to 5 above, wherein the aggregaté_form
of particles comprises'particles of at.least two dif-
ferent insuiating substances. |

7. The non-agqueous secondary battery according to any
one of items 1 to 6 above, wherein the porous separator
comprises at least two layers respectively comprised of
different aggregate forms of particles.

8; The non-aqueous secondary battery according to any

one of items 1 to 7 above, wherein the separator com-.

prises a first separator layér comprising at least one

layer of an aggregate form of particles of at least one

REPLACEMENT SHEET |
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inorganic insulating substance and. a second separator
layer comprising at least one layer of an aggregate
form of particles of at least one organic insulating
substance, the first separator layer being directly
formed, in an immqbilized'form, on ohe active material
layer selected from the cathode active material layer _
and the anode active material layer, the second separa-
tor layer being directly formed, in an immobilized
form, on the other active material,leyes—remaining
between—the—ecathode—active-mataiial-layer.and the anode
aeetive—material-layver.—

9. The non-agueous secondary battery accoxding to any

one of items 1 to 8 above, wherein the non-aquéous
electrolyte éontains.lithium ions.

10. .The-non-aqueous secdndary battery according to any
one of items 1 ot 9 above, wherein the cathode_ac?ivg
material layer.comprises lithium manganate.

11. A method for producing a non-agueous secoﬁdary
battery, comprising:

. (1) individually providing a positive electrode
comprisiﬁé a cathode active material layer and a néga-
tive electrode éomprising an anode active material
layer:;

(2) coating a dispersion of a mixture of parti-

cles of at least one insulating substance and a binder

CEPLACEMENT SHEET
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layer, and wherein said at least one layer of the ag-

Substitute sheet - 22/2/99 , .
2

gregate form of particles has a three-~dimensional

'network of voids which function as pores in said porous

separator and which are capable of passing ions there-~

‘though.

2. The battery according to claim 1, wherein said

porous separator has a porosity of 10 % or more as

' measured in the dry state of said porous separator.

3. The battery acco:ding.to'giaim 1 or 2, wherein

"-said porous separator has an ion conductive property

ascribed to a factor other than said voids of said
aggregate form of particles.

| | | 2
4. The battery according to any one of claims 1 to-3,
wherein said insulating substance is an inorganic.sub-

stance.

| 3
5. The battery according to any one of claims 1 to <,
wherein said insulating substance is an organic sub-.

stance.

6. The battery according to any one of claims 1 to 5,

wherein said aggregate form of particles comprises

REPLACEMENT SHEET
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particles of at least two different insulating sub-

stances -

7. The battery according to any one of claims 1 to 6,
wherein said porous separator comprises at least two
layers respectively'comprised of different aggregate

forms of particles.

8. The battery according to any one of claims 1 to 7,
wherein said separator comprises a first separator

layer comprising at least one layer of an aggregate

' form of particles of at least one inorganic insulating

substahqe and a second separator layer comprising at
least one layer of an aggregate form of'particles of at
least one organic insulating substaﬁce,'said firsf
§eparator layer being directly formed, in an iﬁmof
bilized férm, on one active material layer selected
frém said cathode active material layer and said anode
active material layer, said second separator layer
being directly formed, in an immobilized form, on the
other active material layer.zemaining-between—said
-eathode—aetive—material—layer—and-said—anede—uaetive
Aateriallayers

9. The battery according to any one of claims 1 to 8,

REPLACEMENT SHEET
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different cross-sectional portions of the separator
which each include a number of cured resin-filled
pores, the ratio (%) of the sum of the respective
cross~sectional areas of the cured resin-filled poreé
to the entire area of the cross secfion of each of the
different portions of the separator is obtained iﬁ
substantially the same manner as mentioned above, and

the average value of the obtained ratios is defined as

the porosity of the- separator.

In the present invention, the above-mentioned
separator may have én ion conductive property attribut-
ed to a factor other than the voids of the aggregate
form of particles of at least one insuiating substance.

Examples of methods for obféining such separators,
which have an ion conductive property attributed to a
factor other than the voids of the aggregate form.of
particles, include a method in which porous particles
of at least one insulating substance are employed; a
method in which use is made of particles of at least
one insulating substance which has, in the skeletal
structure thereof, voids which allow the molecules of

the electrolyte to pass therethrough (e.g., a zeolite);

REPLACEMENT SHEET
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a method in which use is made of particles of a mate-
rial {e.g., polyacrylonitrile, poly(methyl methacrylate) and

poly(vinylidene fluoride which i i -

Lat bt 1 - . the i lati

substance or a combination. of the insulating substance and the

other substance, the other substance being used in the form of

a mixture with the insulating substance; and a method in which

use is made of particles of a material, e.g., & compgsite .of

lene oxide a polyphosphazen

like, namely a materi

obtained by impregnating a solid with a solution of an elec-
trolyte in a solvent, and removing the solvent by evaporation
fr th ted 1id ] , £1 ! ial i £ 1

~one insulating substance . a substance other than the insulat-
ing substance or a combination of the insulating substance and

the other substance, the other substance being used in the

- form of a mixture with the insulating substance.

REPLACEMENT SHEET
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In the embodiment mentioned in item 8 above,.usea
is made of a porous separator comprising.an aggregate
form of particles of at least two differsnt insulating
substances. In the embodiment mentioned ;n item 9-
above, use is made of a porous separator comprising-at
least two layers respectively comprised of different
aggregate forms of particles. In the embodiment men-
tioned in item 10 above, use is made Of & porous sepa-
rator comprising a first separator layer comprising at
least one layer of an aggregats form of particles of at
least one inbrganic insulating substance and a second
séparator layer comprising at least one layer of an

aggregate form of particles of at least one arganic

REPLACEMENT SHEeT
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layer, and wherein said at leasfione layer of the ag-
gregate form of particles has a three-dimensional
network of wvoids which function as'pores in said porous

separator and which are capable of passing ions there-

therethrough
“«Hough.
2. . The battery according to claim 1, wherein said

porous separator has a porosity of 10 % or more as

measured in the dry state of said porous separator.

3. The battery according.to claim 1 or 2, wherein

-said porous separator has an ion conductive property .

ascribed_to a factor other than said voids of said
aggregate form of particles.

X3
4. The battery according to any one of claims 1 to 33
wherein said insulating substance is an inorganic.éub-

stance.

. 3
5. The battery according to any one of claims 1 to 4,
wherein said insulating substance is an organic sub-

stance.

6. ‘The battery according to any one of claims 1 to 5,

wherein said aggregate form of particles comprises

REPLACEMENT SHEET
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