EXTERI OR MEMBER FOR BATTERY ELEMENT AND NON- AQUEQUS ELECTROLYTE SECONDARY
BATTERY USI NG THE SAME BACKGROUND OF THE I NVENTION 1. Field of the

| nventi on The present invention relates to an exterior nenber for a
battery el ement for packaging a battery elenent and to a non-aqueous

el ectrol yte secondary battery using the same. In nore detail, the present
invention relates to an exterior nenber for a battery el enent capabl e of

reducing failures, fg anpl e 3539%&%*‘ ( attery and
swel i ng o@%%@%%&@%&g% nol'sturea s}%cganéjf romthe
outside of the batter t hr ough an_enhan [,6 sealing
properties, and-¥orRC %HEaﬁ%%%ﬁ%ﬂ%¥é%%$8%§§39§5§§n§§53§§§@tery usi ng the
sane. 2. Description of the Related Art In recent years, a nunber

of portable electronic devices, for exanple, cantorders (video tape

recorders), cellular phones and | apto cqgﬁyters each achi eving a
reduction in size and\ﬂ§Qﬂﬁﬁmﬂﬁhéﬁhﬁgﬁér /B ¢¥wwng this, a demand for

batteries as a power source of portable electronic devices is rapidly
i ncreasl ngiFi¢hdorflerth¢ oimeahiena reduction in size and weight of the
device, it is demanded to design the battery such that the battery is
| i ght wei ght arige tthiescand ihhahtdohousl agespaceamekhenithengavérxan be
efficiently used. As a battery
a battery element for packaging a battery element and to a
non-agueous electrolyte secondary battery using the same. In
more detail, the present invention relates to an exteridr
member for a battery element capable of reducing failures, for
example, leakage of the contents of a battery and swelling of
a: battéry tor be caused due to moisture absorption from the
outside of the battery, through an enhancement of hermetic
sealing properties, and to a non-aqueous electrolyte secondary
battery using the same.
2. Description of the Related Art
1n recent years, a number of portable eledtronic devices,
for example, camcorders (video tape recorders), cellular
phones and laptop computers, each achieving a reduction in size
and weight, have appeared. Following this, a demand for
batteries as a powef source of portable electronic devices is
rapidly increasing. In order to realize-a reducticn in size
and weight of the device, it is demanded to design the battefy

such that the battery is lightweight and thin and that a housing

space within the device can be efficiently used. As a battery



capabl e of neeting such demands, a lithiumion battery with a | arge energy
density and a l-arge output density is the nost favorable. Above all,
a battery with a high degree of freedomin shape, a sheet type battery
with a thin large area, a card type battery with a thin small area and the
| i ke have been desired. However, it is difficult to prepare a thin battery
according to techniques using a netal -nade can as an exterior material,

whi ch have hjitherto been enployed.: I.n.order. to,sqlve the
pr obl errE?P?lﬂg?eogr%e?%%ﬁqgﬁ éjgank?ﬁCE%T iaesl%n%il%ﬁtoéi rﬁa%gtegi/i iwdﬁr‘ﬁld
electrolyte therein, by adding a materi al havina a solidification action
to an eRekiFH AIEBOPENSSEYoRNUH NG YO EEcERBEyLE 18 £%61 yner. In
such batteries, an electrode and an electrolyte are brought into intimte
cont act favehakaeh other, and it is possible to keep the contact state.
According to this, it is possible to prepare a thin battery using an
exterior nenbBpoiva allheetbdtreny stichh as ol ded TR I TREEE shieet .
Fig. 9 shows an expl oded perspective view of the foregoing thin battery
usi ng ashapepat etiesheerpadadrteext ei tbra mériverarFhisrdanmanated thme ery 10
is configured such that a battery element 20 is externally packaged in an
ext eri opaffegberwB3th fothénhaid €r wrekbeardt tivade iof haveareaatdsistebt . Here,
the exterior nmenber 30 for a battery elenent is ed such that a
recess- phui-ded shept QiftedtAcbapragpade a thin battery according

to techniques using a metal-made can as an exterior material,

which have hitherto been employed.

In order to solve these problems, there are investigated

batteries not containing a liguid electrolyte therein, by

adding a material having a solidification action to an
electrolytic sclution or using a gel electrolyte using a
polymer. In such batteries, an electrode and an electrolyte
are brought into intimate contact with each other, and it is
possible to keep the contact state. According to this, it is
possible to prepare a thin battery using an exterior member
in a sheet form, such as an aluminum laminated sheet.

Fig. 9 shows an expleoded perspective view of the
foregoing thin battery using a laminated sheet as an exterior
member., This laminated battery 10 is configured such that a
battery element 20 is externally packaged in an exterior member
30 for & battery element made of a laminated sheet.

Here, the exterior member 30 for a battery element is

formed such that a recess-provided sheet piece 30A having a
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recess 20 for housing the battery elenent 20 in a rectangular plate foim
and a platy sheet piece 30Bin a platy formare partitioned from each

ot her by a bending part 34. The |lam nated battery 10 is prepared by
housing the battery elenment 20 in the recess 32 of the recess-provided
sheet piece 30A, folding double the recess-provided sheet piece 30A and
the platy sheet piece 308 in the bending part 34 and then sealing a

peri pheral part. 36 of the bo heet pieces und a_heat pressure,

The forﬁﬁﬁ?gﬁ %%rf&% OBEFP%IFQ?%F%%}FM? Thed? 10 B G AbNE 360C
during sealing and further applied wth a | oad of the heat_pressure. Thus,
t he benﬂiﬁ‘g%gﬁ‘moﬁnﬁhé Péﬁ’itgfatsé‘ﬁeghé’é’(eqes it %éﬁrﬂféﬂ %CFIT? heYi me of
sealing as conpared with other peripheral part (sealing part) .

Nevert hepssstiaredr AT t 82fhe Htdiodt eBYard , P§PAL8Ia R&AT | A -1 egl oh
(peripheral part wdth) of the |am nated sheet was sufficiently secured;
even whéamthetédiegdiany L0ad poabdrhe kpploved not Hee davages Wakerare! y
actualized. However, in recent years, followi ng an i ncrease of the battery
capaci t 90 hottbal yethessgal ohgthegioress-pudeidadr sheed piatai Al wi dth
but in order to conpensate this, there is a tendency that sealing is

carri edfoutiiay Hbogbhltemper ature sapd ohiighe pressar evidoe 03 nghy, thée
foregoi ng bending part forns a place where del am nation or a pinhol e which
wi || begogeyashast a5i@fe |MBRnnght heehej hoepact sealinngtheapeesi esgi s

easily generated. Thus, it is the present situation that there is a
concer ngt B@Ei?hb@\é@r pag o3¢t he heraeidih seadéingoDEoper th@sroh hbetthin
| am nated batiery is generated. On the other hand, there is

disclosggegsggghod in which one of external ends of a |ami nated exterior
body i s extended to provide an extended end, and the other external end is

covered by thgp%%%e&@%ﬁ&g@ﬁ -eRapck NG NefRId cnagdliNgepeoperties

(see JP-A-200 THE 1 NVENTI ON
at about 360°C during sealing and further applied with a load

of the heat pressure. Thus, the bending part of the laminated
sheet is easily damagéd at the time of sealing as compared with
other peripheral part ({sealing part)}. Nevertheless,
according - to the related art, since a sealing region
(periphefal part width) of the laminated sheet was
sufficiently secured, even when the foregoing load would be
applied, the damage was rarely actualized. However, in.reéent
yvears, following an increase of the battery capacity, not only
the‘sealing‘region is made narrow to a minimum width,.but in
order to compensate this, there is a tendency that sealing is
carried out at high temperature and high pressure.
Accordingly, the foregoing bending part forms a place where
-delamination or a pinhole which will become a factor ofklowering

the hermetic sealing properties is easily generated. Thus,



However, according to the nethod disclosed in JP-A-2003-242942, the nunber
of the bending part of the | am nated sheet increases, and | am nated sheet
processing i's conplicated. Thus, the nunber of nmanufacturing steps
i ncreases, resulting in conplicatedness. In view of the foregoing
problens of the related art, it is desirable to provide an exterior nenber
for a battery elenent which is able to realize excellent hernetic sealing
properties and to contribute to realization of a high capacitx w t hout
i ncr easiiiy the MG S Bt mahtfalet R i Hg2st BPTof 18 BafPBEFTANEREE Provi de a
non- aqueous el ectrol yte secondary battery using the sane. I'n order
t o achi eNBSHEOTF opEgbingg RENeRICt Beadride P r PPvehi ©F s Ofadenext8asi ve and
intensive. investigations. As a result, it has been found that with respect
to a | aniamiredsshéstttefyr Forgammpare@xteri or nenber for a battery
el ement, the foregoing desire can be achieved by providing a thick-walled
part in at | edst taepathenfhandendiane par tiskéadengatmeetdrednpl whhinent of
enbodi ments of the present invention. Accordi ng to an enbodi nent of
t he preserd dfn¥ebeirnal d4imes ed 2 peavhdeddasxexteor dodenbeextendadbattery
el ement including: a first sheet piece nmade of a | am nated sheet; a second
sheet piteceprmadiofam davknakadesldeeland the other external end is
covered by the extended end, thereby enhancing hermetic

sealing properties (see JP-A-2003-2425942).

SUMMARY QOF THE INVENTION

However, according to the method disclosed in
JP*A—2003—242942, the number of the bending part of the
laminated sheet increases, and laminated sheet processing is
complicated. Thus, the number of manufacturing steps
increases, resulting in complicatedness.

In view of the foregeing problems of the related art,
it is desirable to provide an exterior member for a battery
element which is able to realize excellent hermetic sealing
properties and to contribute to realization of a high capacity
without increasing the number of manufacturing steps of a
battery and to provide a non-aqueous electrolyte secondary
battery using the same.

In order to achieve the foregeing desire, the present
inventors made extensive and intensive investigations. As a

result, it has been found that with respect to a laminated sheet



a bending part for partitioning the first sheet piece and the second sheet
pi ece from each other; a sealing part which is fornmed by a

peri pheral part of the first sheet piece and a peripheral part of the
second sheet piece corresponding to the peripheral part of the first sheet
pi ece and which hernetically seals a battery elenment; and a
thick-walled part formed so as to include at |east a part of the bending

part. Accordi ng to anot her enbodi pent o he present i.nventi on,
thgre i $Opr §PFBeHTa? ﬁ%%ﬁﬁ%ﬁﬁsQﬁ%ﬁ%?o?@feasgé%ﬁﬁggyE%é??%?? incl udi ng:
a battery element in a rectangular plate formhaying a positive e|ectrode
and a né@ﬁ?EQénél%%%%%%éxﬁbﬁﬁﬂaFﬁéﬁgﬁﬁ-PV&pﬁogéﬁh?ﬁt%F#P wal erior
menber for a battery el enent ‘i ncl udi ng , .

part in at least a part of 'a bending part, leading to

accom@lishment of embodiments of the present invention.

According to an embodiment of the present invention,
there is provided an exterior member for a battery element
inciuding:.

a first sheet piece made of & laminated sheet;

a second Sheet'piece made of a laminated sheet;

a bending part for partitioning the first sheet piece
and the second sheet piece from each other;

a sealing part which is formed by a peripheral part of
‘the first sheet piece and a peripheral part of the second sheet
piece corresponding to the peripheral part of the first sheet
piece and which hermetically seals a batteiy element; and

a thick-walled part formed so as to include at least a
part of the bending part.

According to another embodiment of the present invention,
there is provided a non-agueous electrolyte secondary battery
including:

a battery element in a rectangular plate form having a
positive électrode and a negative electrode wound therein via
a separator; and

an exterior member for a battery element including

a first sheet piece made of a laminated sheet;



a first sheet piece made of a laninated sheet; a second sheet piece nade
of a | am nated sheet; a bending part for partitioning the first

sheet piece and the second sheet piece from each other;

a sealing

part which is fornmed by a peripheral part of the first sheet piece and a
peri pheral part. of the second sheet piece corresponding to the peripheral
part of the first sheet piece and which hernetically seals a battery

el ement; and a thick-walled part formed so as to_include at |east a
part of the béndpfAghpafhect Plecachef§i Rg fo lPAENENFIdSRERTSE of the
present invention, by providing a thick-walled part in at |east a part of
a bendi ng part henfingspert for appiekieipoingehber LipPt aSBRet #{C€F enent
made of a lami nated sheet, it is possible to provide an exterior mnenber
for a batidertheelsenentl whieeh pseabl érvo rceah zahexcel | ent hernetic sealing
properties and to contribute to realization of a high capacity w thout

i ncreasi ng the puabengofarmandiact urd Mpiepoyok pebavhery]l madttofprovi de

a non-aqueous el ectrol yte secondary battery using the same.

the first sheet piece and a peripheral part of the second sheet
piece corresponding to the peripheral part of the first sheet
biece and which hermetically seals a battery element; and

& thick~walled part‘formed so as to include at least a
part of the bending part.

According to the embodiments of the present invention,
by providing a thick-walled part in at least a part of a bending
part with respect to an exterior member for a batte;y element
made of a laminated sheet, it is possible to provide an exterior
member for a battery element which is able to realize excellent
hermetic sealing properties and to contribute to realization
of a high capacity without increasing the number of
manufacturing steps of a battery; and.to;provide!adnon—aqueous

electrolyte secondary battery using the same.

BRIEF DESCRIPTION CF THE DRAWINGS
fig. 1 is a plan view showing the state that a battery
element is housed in an exterior fnember for a battery element
according to an embodiment of the present invention.
Figs. 2A, 2B and 2C are plan views each showing the state

that a battery element is housed in an exterior member for a
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BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a plan view show ng the
state that a battery elenent is housed in an exterior nenber for a battery
el enent according to an enbodi nent of the present invention. Fi gs.
2A, 2B and 2C are plan views each showing the state that a battery el enent
is housed in an exterior nenber for a battery elenment according to

anot her enbodi nents of the present invention, respectively. Fi gs.
3A, 3B and 3C are side views each showing the state that a battery el ement
i s hous®@titeran ekemeior aAERBALNForta BROLEEY FERMIRHr @ifng™ 1% stil |

anot her enbodi nents of the present invention, respectively. Fig. 4
is a ;l@eeﬂaﬂw,s@awmﬁgonhergﬁaﬁétﬂﬁéﬂ&a battery element is housed in an
exterior menber for a battery el enment according to an even still another

enbodi ment of rtike.pieseBtandvéntirerside views each showing the state
that a battery element is housed in an exterior member for a
battery element according to still another embodiments cf the
present invention, respectively.

Fig. 4 is a side view showing the state that a battery
element is housed in an exterior member for a battery element
.according to an even still another embodiment of the present
invention.

Figs. 5A, 5B and 5C are schematic views each showing a
manufacturing method of an exterior member for a battery
element of the related art and that according to an embodiment
of the present invention, respectively.

Fig. 6 1s a perspective view showing a heater bar to be
used for the manufacture of an exterior member for a battery
element according to an embodiment of the present invention.

Fig. 7 is an exploded perspective view showing a
non-agueous electrolyte secondary battery according to an
embodiment of the present invention.

Fig. 8 is a schematic cross-sectional view along a
VIII-VIII line of the battery element shown in Fig. 7.

Fig. 9 is an exploded perspective view of a related-art

thin battery using a laminated sheet as an exterior member.



Figs. 5A, 53 and 50 are schematic views each showi ng a manufacturing

nmet hod of an exterior nenber for a battery elenent of the related art .and
that according to an enmbodi ment of the present invention, respectively.
Fig. 6 is a perspective view show ng a heater bar to be used for the '
manuf acture of an exterior nenber for a battery elenent according to an
enbodi nent of the present invention. Fig. 7 is an expl oded
perspective view showi ng a non-aqueous el ectrol yte secondary battery
according to an GEBCRIREAONOOR HEEp PEEHRAGN EMBQGHMENTS Fig. 8is a
schematic cross-sectional view along a VIII1-VIIl line of the battery

el enent shownahn &gerior member Fifnr 9 4 s barttexyl odégmeartspenti ve vi ew of
a related-art thin battery using a | am nated sheet as an exterior menber.
DESCRI PRb@NaghetHE PREEERREDyENBOBEMENESry battery according to

embodiments of the present invention are hereunder described

in detail with reference to the accompanying drawings.

(1) Exterior member for battery element

Fig. 1 is a plan view showing the state that a battery
element is housed in an exterior member for a battery element
according to an embodiment of the present invention.

In Fig. 1, in this exterior member 300 for a battery
element, a recess-provided sheet pieceSOOA made of a laminated
sheet,. which is one example of a first sheet piece, and a platy
sheet piece 300B made of a laminated sheet, which is one example
of a sécond sheet piece, are formed partitioned by a bending
part 34, and a thick-walled part 40 is provided so as to include
at least a part of the bendi_mg part 34.

A ncn-agueous electrolyte battery 100 provided with this
exterior member 30 fo_r a battery element is prepared by housing
a battery element 20 in a recess 32 of the recess-provided sheet
piece 300A while leading out a terminal 22 and a sealant 24
of the battery element 20 exterhally, subsequently folding the
ﬁlaty sheet piece 300B in the bending part 34 to superimpose
the both sheet pieces 300A and 300B and heat sealing peripheral

parts 364 and 36B of the both sheet pieces (the peripheral parts



An exterior nmenber for a battery el ement and non-aqueous el ectrol yte
secondary battery according to enbodi nents of the present invention are
her eunder described in detail with reference to the acconpanyi ng draw ngs.
(1) Exterior Menber for battery el enent Fig. 1 is a plan view
showing the state that a battery elenment is housed in an exterior nenber
~for a battery elenent according to an enbodi nent of the present invention.
In Fig. 1, in this exterior nmenber 300 for a battery elenent, a

r ecess- prfoviielbdthhEeteppéesc300Al hhdehofe tnd Brehace¢ tdhest re WmTeedi s one
exanple of a first sheet piece, and a platy sheet piece 3003 made of a

| ami nat ed sheply awi‘cle 1 iplomes exanyl 8660 tosteond sisedting pest 3¥e forned
partitioned by a bending part 34, and a thick-walled part40 is provided so
as to includerattheastsampaehbofiihbetberithunh paetr8dess for howshom- aqueous
el ectrolyte battery 100 provided with this exterior nmenber 30 for a

battery £hgreatyi 81 8henar ed Hyohdasd nshiy hiat teevey felrereshe20 dheasyecess 32
of the recess-provided sheet piece 300A while leading out a term nal 22

and a sqalart R4 Oleddie Bathery: elereple20iexkesnaldns sswbseqyesbty
folding the platy sheet piece 300B in the bending part 34 to superinpose

the both,; e&s%@tﬁ%'nﬁ%%’}ﬂfégoé and ;heat,1 seab ing:eriphsrateparts 36A
and 36B of the both sheet pieces (the peripheral parts of the both sheet

D 20e3 W4k, DRCELORLL o SOk 1510k A LARLK di et Lo
first sheet piece and the second sheet piece has a recess which
forms & half of a battery element-housing part; (2) a form in
which only the second sheet piece has a recess for housing the
battery element therein; (3) a platy form in which both the |
first s‘heet piece and the second sheet piece do not have a recess,
and the battery element can be housed while interposing it by
the both sheet pieces; and the like can be adopted.

Though the thick-walled part 40 is fdrmed under a heat
pressing éimultaneously with heat sealing for forming the
sealing part 38 in the peripheral part 36 in which the bending
part 34 is included, iﬁ is preferable that the thick-walled
part 40 is formed by a pressure lowér than a pressure the sealing
part 38 is formed by. The thick-walled part 40 is able to
relieve-a damage from which the bending part 34 suffers during
this heat sealing and to significantly suppress the generation
of delamination or a pinhole in the bending part 34 or in the
vicinity thereof.

Accordingly, the non-agueous electrolyte battery of the



In the present enbodi ment, though the recess for housing a battery. el enent
is provided only in the first sheet piece, the formof each of the first
sheet piece and the second sheet piece is not |limted so far as.it is able
to house the battery elenent therein. For exanple, (1) a formin which
each of the first sheet piece and the second sheet piece has a recess
which fo ns a half of a battery el enent-housing part; (2) a formin which
only the second sheet piece has a recess_for.housing.the er | enent
Chel ef =¢S5 7h BRROCLRBAE T RIS o FOEREPH TP s Lo BRa B e piace” ST t he
second sheet piece do not_have a recess, and.the batter |.enent_ can be
housed Waviediaitterpesd AgailinEPEIHEDot #° g‘ﬁééjtlyp?%%%g?tﬁ%cfeatﬁélﬁﬁﬁ{e can be
adopt ed. Though the thick-walled part 40 is formed under, a heat

pr essi ngosianAnzieodskyaget AT Hew coBXIgg PEre PoiteRy #he 50§ part 38
in the peripheral part 36 in which the bending part 34 is included, it is
pr ef er abf ea tHeatt dhe tichbeke was @ diymario 10ijssurer AedoBYtA0pr E5SMrd 9 over
than a pressure the sealing part 38 is fornmed by. The thick-walled part 40
i § abl ectiestieki efetasdartgerf.om which the bending part 34 suffers during
this heat sealing and to significantly suppress the generation of

del anmi nati on DhoagRi thelthiidkrides béndhagtipack—84l bed iprithd Ovinglnive y

t hereof. Accordingly, the non-aqueous electrolyte battery of the present
enbodi meRt rRani BY LBe-fiak egeingtsenfhgukatisenoana tlavtbgsentanceeh seal i ng
properties hardly generates failures, for exanple, |eakage of the contents

of a battery ands swelddng10f rackat { 2roe Bor De=Auseiindie poef@isbly e
absorption fromthe outside of the battery. Though the thickness of

. the thigk wal ris & A 48 OJF pRB-3uH T DR dNpdife 3BhinekAgss of a
thickes?ggﬁﬁ%i%§x$%e$é§gs?gﬂgreferably from1l.2 to éﬁF?nes, and nore

preferab%}lﬁg(ﬁ;e_%q-a%fe% % gtm% the 1 ckness of the sealing part 38 where

no thicks part Ts torme This is because when the thickness

of the thick-yalled p@é%%ﬁgai€hégs étgﬂié%%%gg %Esthéh€h§cﬂﬁ¥a?$e8he case

where an effe for-Sr _ he damage "a e tinme of heat sealing is not
Seal | ngBREH (Bogsmis FPhitERTsd That "R BOSE BT oR CARDUNEoSF MrEture.
! ncreasea%, elf%ggitngo;[:orgd&c?:%grthoef dsa\é\gglei r?!l% gflet@fmgac;[% %re)ét sealing
is not obtained, whereas when it exceeds 3 times, there may
be the case where the sealing part becomes thick so that th¢
penetration amount of moisture increases, leading To a factor
of swelling of the battery.
Also, a length (T) in the long side direction of the
thick-walled part 40, namely the length of the thick-walled
part 470 formed in the terminal-leading direction from the
bending part 34, is preferably not more than 80 % relative to
a length (S) of the long side of the exterior member 30 for
z battery element, namely the length in the lead-out direction

of the terminal 22. It is preferable that this proportion is

small as far as possible. This is because in a portion where
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Also, a length (T) in the long side direction of the thick-walled part 40,
nhamely the length of the thick-walled part 40 fornmed in the

termnal -1eading direction fromthe bending part 34, is preferably not
nore than 80 %relative to a length (S) of the long side of the exterior
menber 30 for a battery elenment, nanely the length in the |ead-out
direction of the termnal 22. It is preferable that this proportion is
smal|l as far as possible. This is because_in_a portjon where the

t hi cknegdieofchiikdnessl Phgtpar$e38irerRBYTi %St%%ﬂg%ew O HETHET IO a
battery element is thick, the penetration anount of noisture increases,

| eadi ngmemteerf dotor tefttevwwyl tingedt ihelbatlielpe BABCTRAF&PEr OWRen t he
subj ect proportion exceeds 80 % a risk of the generation of swelling of
t he bat e poiiBtueasEscred =o3, tisissliirgy fecausactde alolsyre 161% ké Whdl e of
the battery increases in vain, resulting in going against the realization
of a hi ghhtcapagi tancokhthefbatt ewpen the subigst RACP@B-and 28caedspl an
views each showing the state that a battery elenment is housed in an

exteriorggvenbes o5k aopather yepbearibnacdordiald itrgy andttiee babodrpent s of
t he present invention, respectively. As shown in these three

enbodi NBRfSpeddies t hiGkoalhed Parde4dudoesndaioneeessariky waxtendfover the
whol e width of the bending part 34 but may include at |east a part

ther eof ..fd 89, 23! entheasbang: ohithertBickivgl Ledaar 4lird: cas be

formed in an arbi y shape in ternms of a planar shape thereof, such as a

semcirg Jéﬁiéggﬁéh]&%tgi52§$ﬂégpégggyaégﬂkg@[ggﬁggyyw shape, in addition

to a rectangular ape as own 1 n Figs. 2A, 2B and 20. Figs. 3A

round 00 A, K0 a0 RS RSl s ebon et e g 1
20U SHDOU Hell ol o DEcRECER ol YATL O JAMMA Ybe A g 11
battery element according to another embodiments of the
present invention, respectively.
As shown in these three embodiments, the thick-walled
part 40 does not necessarily extend over the whole width of
the bending part 34 but may include at least a part thereof.
Also, as to the shape of the thick-walled part 40, it can be
formed in an arbitrary shape in terms of a planar shape thereof,
suchasaisemicircularshape,eatriangularshapeandzapolygonal
shape, in addition to a rectangular shape as shown in Figs.
?A, 2B and 2C.
Figs. 3A, 3B and 3C are side views each showing the state
that a battery element is housed in an exterior member for a
battery element according to still another embodiments of the
present invention, respectively.

As shown in these three embodiments, the thick-walled
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part 40 can take a form.in which it is protruded in an arbitrary
direction. Exanples of such a forminclude a fon.'" in which the
thick-wall ed part 40 is protruded on the side having the recess 32 for
housing a battery elenent therein (Fig. 3A) ; a formin which the
thick-walled part 40 is protruded on the opposite side thereto (Fig. 33)
and a formin which the thick-walled part 40 is protruded on the both

sides (Fig. 30) . Fig. 4 is a side view showing the state that a
bat t er yparenEhtanst e gefoFR 1anvBkEeri o SPRRPEFUART 1@ BRIAEHY- i ehent
according to an even still another enbodi nent of the present invention.

The thi dkreaklied. pattamol amychavecka 4 elelm difdeidnce Foomithesiéd] i ng part
38 as in the previously shown enbodi nents shown in Figs. 3A to 30 or nay
have anthacthhatiealielatave 40 itshpreeajudsy par th88sageimathey éftfodi ment
shown in Fig. 4. Also, the slope of form ng an inclination is not
necessarikysa 3popsh Hace hyta ey they tdemexanphereancyFied 3&ce.a

The | am nat ed sheet which fornms each of the recess-provided sheet piece

300A angci-heipl ahycsheet pihaex-3@A3sics pdar Hxamplwesomarudket angullss sheet
obt ai ned by sticking a nylon film an alumnumfoil and a pol yethyl ene

filming FEbgl%d%&deT%é@ém@a@ﬂ sheet ;i sreead edoby, shorrexanples fol ding
double it in the bending part suc% that the pol yet hyl ene filn1side faces

t oward n I 36Af (kh
recess- %?§€%d§gggﬁgqga%?ggéQ%&%%ﬁéﬁgﬁ%ﬁgﬁggkﬁgﬁgégl part SgB of t he pl aty

sheet piece 3Q0B ag sunerd{mosed.pash ALRELHNERUgR heat seling:y

element is housed in an exterior member for a battery element
according to an even still another embodiment of the present
invention.

The thick-walled part 40 may have a level difference from
the sealing part 38 as in the previocusly shown embodiments shown
in Figs. 32 to 3C or may have an inclination relative to the
sealing part 38 as in the embodiment shown in Fig. 4. Also,
the slbpe of forming an inclination is not necessarily a smooth
face but may be, for example, a curved face.

The laminated ..sheet which forms each of the
recess-provided sheet piecé 3004 and the platy sheet piece 300B
is, for example, a rectangular sheet obtained by sticking a
nylon film, an aluminum foil and a polyethylene film in this
order. The laminated sheet is sealed by, for example, folding
double it in the bending part such that the polyethylene film
side faces toward the inside and sealing the peripheral part

364 of the recess-provided sheet piece 300A and the peripheral

iz



Al so, for the purpose of preventing penetration of the air, it is
preferable that the sealant 24 is inserted between the | am nated sheet and
each of the positive el ectrode and negative el ectrode term nals 22 as
shown in Fig. 1. The sealant 24 is constituted of a material having
adhesi on to each of the positive el ectrode and negatlve el ectrode
termnals 22. For exanple, when such termnals are each constituted of a

nmetal material, it is preferable that the sealant 24 is constltuted of a
pol yol ePxtr 88Bnogushe a3 pbY yERPHT eMeSCHoP VPP 0| SHRETHBRF T Fach ,
pol yet hyl ene and nodified pol ypropyl ene. A general configuration of

t he | amorraead thhesphchgabe serpiégsed by a |l ami nate structure of exterior

| ayer/nmetal foil/sealant |ayer (however, the exterior l|ayer and the

seal ant IayerAase,sﬁuettmesnnmmmﬁg@ﬁeﬁr@Wemﬁum@Ipﬁa?é¢§ﬁlonlﬁfthbe
foregoing exanple, the nylon filmis corresponding to the exterior |ayer,
the al uminynitaid prs:feorakdspahdicnghe osdedbametzd ifsoihseanddtihetpesyet hyl ene

filmis corresponding to the seal ant | ayer. It is sufficient that
t he net ahef oihihureld @hs:eas amcharaiche o et anes halvage Waterodapand
perneation resistance. As the netal foil, not only the alumnumfoil but a

stai nl esskedk fOidot@dd ckeimindls and a9l ghewni nan fiej.| mre mseful . O
these, the alumnumfoil which is thin and |ightweight and is excellent

Exanpl e%e%fla%tr@g%soéoﬁgglEQBéﬁ%§trflaﬁﬂa1§ﬂa(1 8hivahd ayessBE alo £akh/ seal ant
| ayer) which can be used as the |lam nated sheet to be used as the exterior

menber fQor, &%%5&% eé?g@ {:7, h@gamv@nef@@@%a@@eﬁlﬂan% ppesent

i nvention 1ncl a um nun) / CPP (cast pol ypropyl ene), PET
I(DE'(I)'} K;} o}rg%%r%fﬁe DQ}I%?J %%Akéggﬁﬁ%% élaéiggélg\'&a?l tuted of ametal

material, it is preferable that the sealant 24 is constituted
of a polyolefin resin such as polyethylene, polypropylene,
modified polyethylene and modified polypzfopylene.

‘A general configuration of the laminated sheet can be
expressed by a laminate -structure of exterior layer/metal
foil/sealant layer (however, ihe exterior layer and the
sealant layer are sometimes configured of plural layers). In
the foregoing example, the nylon film is corresponding to the
exterior layer, the aluminum foil is corresponding to the metal
foil, and the polyethylene film is corresponding to the sealant
layer.

Tt is sufficient that the metal foil functions as =z
barrier membrane having water vapor permeation resistance. As
the metal foil, not only the aluminum foil but a stainless steel
foil, anickel foil and aplated iron foil areuseful. Of these,

the aluminum foil which is thin and lightweight and is excellent
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(pol yet hyl ene), Ny/ PE/ Al / LLDPE( | i near | omdensity pol yet hyl ene), '
PET/ PE/ Al / PET/ LDPE (| ow density pol yethyl ene) and PET/ Ny/ Al / LDPE/ CPP.
-However, it should not be construed that the enbodi nent according to the
present invention is limted thereto. The exterior nenber for a battery

el ement accordi ng to an enbodlnent of the present i nvention may al so be
constltuted

in workablllty can be favofably uéed

Examples of 'a mode of the ‘configuration {exterior
layer/metal foil/sealant layer) which can be used as the
laminated sheet to* be used as the exterior member for a battery
element according to an embodiment of the present invention
include Ny {nylon)/Al (aluminum)/CPP (cast polypropylene),
PET (polyethylene terephthalate) /A1/CPP, PET/AL/PET/CPP,
PET/Ny/A1/CPP, PET/Ny/Al/Ny/CPP, PET/Ny/AL/Ny/PE
(polyethylene), Ny/PE/AY/LLDPE (linear low density
polyethylene), PET/PE/AL/PET/LDPE (low density polyethylene)
and PET/Ny/Al/LDPE/CPP. However, it should not be construed
that the embodiment aécording to the present invention is
limited thereto.

The exterior member for a battery element according to
an empodiment of the present invention may also be constituted
of ‘a laminated sheet having other structure, for example, a
metal material-free laminated sheet, in place of the foregoing
laminated sheet.

Next, a;method.fox-manufacturipg'an.exterior*member for
a battery element according to an embodiment of the present
invention is described with reference to Figs. 5A, 5B and 5C.
In Figs. 54, 5B and 5C, though there may be the case where each
laminated sheet has a recess for housing a battery element
therein, illustration is omitted.

Heretofore, as shown in Figs. 5A and 5B, an exterior

14



of a | am nated sheet having other structure, for exanple, a netal
material-free | am nated sheet, in place of the foregoing | am nated sheet.
Next, a method for manufacturing an exterior nmenber for a battery el ement
according to an enbodi nent of the present invention is described with
reference to Figs. 5A, SB and 5C. In Figs.. SA, SB and 50, though there
maybe the case where each | am nated sheet has a recess for housing a

battery‘elenent therein, illustration is onmtted. Heretofore, as shown in
Fi gs. S5heamer5Bor anbexteriyoelement was manufactured by heat sealing

two laminated sheets 3la or a doﬁble-—folded laminated sheet
31b ueing a pair of heater bars 500a and 500b in & platy shape.

Specifically, firstof all, th.e two laminated sheets 3la
or the double-folded laminated sheet 31b which will be a
material is disposed between a pair of the heated heater bars
500a and 500b, or between the heated heater bar 500a (or 500b)
and the non-heated other heater bar 500b (or 500a), such that
the respective adhesive layers of the laminated sheet or sheets
face inward (see Fig. 5A-(I) and Fig. 5B~ (I)). Subseguently,
the laminated sheet or sheets are interposed by the heater bars
500-a and 500b and heat pressed to form a sealing part (see Fig.
SA~(II) and Fig. 5B-(II)), thereby obtaining the extarior
member for a battery element (see Fig. 5A-(III) and Fig.
5B-(IIT}).

On the other hand, in the manufacture of an exterior
member for a battery element according to an embodiment of the
present invention, for example, a level difference-provided
heater bar 500c and a heater bar 500d in a platy shape as shown
in Fig. 5C can be used in place of the related-art pair of heater
bars in a platy shape.

The level difference-provided heater bar 500c 1is
provided with a level difference portion 501 such that a degree
of heat pressure applied to a portion where the thick-walled

part 40 is formed, namely a portion including the bending part
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menber for a battery el enent was manufactured by heat sealing two

| am nat ed sheets 3la or a doubl e-fol ded | am nated sheet 31b using a pair
of heater bars 500a and 500b in a platy shape. Specifically, first
of all, the two | am nated sheets 31a or the doubl e-fol ded | am nated sheet
31b which will be a material is disposed between a pair of the heated
heat er bars 500a and 500b, or between the heated heater bar 500a (or 500b)
and the non-heated ot her heater bar 500b (or 500a) , such that the

respect ide adhemiliel spersaciegrre Iodmhaat el Sheete @GPt §of aekeT nwar d
(see Fig. 5A- (1) and Fig. 5B- (lI) ) . Subsequently, the | am nated sheet
or sheetssaried meertpd$ed by the heater bars 500a and 500b and heat pressed
to forma sealing part (see Fig. 5A-(1l1) and Fig. 5B- (Il1) ) , thereby
obt ai ni ng t he Iextaei ot hedbdsr romwef datieing elrepene risgembingerSheti 1 1) and
Fig. 5B- (I11) ) . On the other hand, in the manufacture of an
exteri orz MR- encachat ey reliegent aecemndbdgmentanfenbedbrentndf the
present invention, for exanple, a |evel difference-provided heater bar

500c and - eatpl, Bar SQQFHILE, aspl abynshapesiase s vl Jhi Bas5Beean be
used in place of ‘the rel at ed- art pair of heater bars in a platy shape.

The level,didd argR¢s- ;&E %wedsgn!a%@e;sa@@rs45990Filsstpm\élpé>%@d/w3éhwaeheveI
dlfference portlon 501 such that a degree of heat pressure applied to a

portion where %?eca%&%%vc\é@ hedeRarta A0 dcod Qhrede o RN} Y RN £RB
|nclud|ng the
heated heater bar 500c {or 500d) and the non-heated other heater
bar 500d (or 500c), such that the respective adhesive layers
of the laminated sheet or sheets 3lc face inward and that the
bending part 34 is corresponding .to the level difference
portion 501 (see Fig. 5C-(I)).

Subsequently, the laminated sheet 31c is interposed by
the heater bars 500c and 5004 (see Fig. 5C-(II)). At that time,
the portion where the thickness-walled part 40 is formed is.
heat pressed relatively lightly, whereby the portion where the
other sealing part 38 is formed is heat pressed to the same
degree as in the related art. Thus, the thick-walled part 40
having desired thickness, width and length is formed by
controlling the shape of the level difference portion 501 and
the like, thereby obtaining the exterior member for a battery
element according to an embodiment of the present invention
(see Fig. HC-(III)}.

Also, for example, in the case where a thick-walled part

including only a part of the bending part is formed as in the
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34, is smaller than a degree of heat pressure applied to other sealing
part 38. In the nethod for manufacturing an exterior nmenber for a
battery el ement according to an enbodi nent of the present invention, for
exanpl e, a | am nated sheet 31c which has been fol ded double in the bending
part 34 is first disposed between a pair of the heated heater bars 500c
and 500d, or between the heated heater bar 500c (or 500d) and the

non- heat ed ot her heater bar 500d (or 500c), such that the respective
adhesi vembayiémsnbot dshehbam itafedsshdet 26y 28f&ét,sa Jratiecbari@fdand t hat
t he bending part 34 is corresponding to the 1evel difference portion 501
(see Fig. sh&pél pp shown in Biubsequeatl pe tized.am nated sheet 31c is

i nt erposed by theheaterbars 500c and 500d (see Fig. 5C(I1)). At that
time, the portijpanwkeeeet hest bikknessanahtedr pastmdbhog, forees dan heat
pressed relatively lightly, whereby the portion where the other sealing
part 38piSchonpedsi sahgate Pi@ssedwna drhecsaneedegngeiascanribe st at ed
art. Thus, the thick-walled part 40 having desired thickness, w dth and

| ength 'dava%eigg Pééiégﬂiéﬂﬁ%'d‘@aﬁ.ﬁ}eo§hﬁ@§t@£ Bdwes lievel pdbt{esiense, portion
501 and the |i ke, thereby obtaining the exterior nmenber for a battery

el enent C i : i-men f | ntion (see Fig.

S (111 e R e s e & thi cic-val 1 6d part
i ncluding only_a part t he. i art. is.far ' h odi nent s
as shown in F%B??l% Fag%yénglg%?%gnﬁégfééh 3¢Kﬁ§€?gdﬁ§2E%ggéggsggﬁomn in

Flg. © %%Qm?%gugegéaling part is interposed by the foregoing heater

bars in a platy shape, and first heat sealing is carried out
relatively weakly (at a low temperature under a low pressure).
Subseguently, the heater bars are shifted, the laminated gsheet
is interposed by the heater bars while avoiding the portion
for forming a thick-walled part, and second heat sealing is
carried out relatively strongly {at a high temperature under
a high pressure for a long period of time)}. In this way, by
carrying out the heat sealing dividedly twice under different
conditions, an exterior member for a battery element having
a thick-walled part formed only by heat sealing under a
low-temperature and low-pressure condition is obtained.

An example of the condition which is employed in the

subject method is shown in Table 1.
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Furt heLui ore, as other manufacturing nethod, there can be exenplified a
nmet hod in which heat sealing is carried out dividedly twice using a pair
of heater bars in a platy shape, the manner of which has hitherto been
enpl oyed. - Specifically, first of all, the whole of the portion for
form ng a sealing part is interposed by the foregoing heater bars in a
pl aty shape, and first heat sealing is carried out relatively weakly (at
| ow tenperature under a |ow pressure). Subsequently, the heater bars are
shi ft edfaklgel | ami nated sheet is interposed by the heater bars while

avoi di ng—the-portijon for formng a thi ck-wal T ed] padstre o Secassl heat
sealing is carried GIPCPYEat i vealoyeshr©bhered at  BodTbdio keagpler pesging uUnder

a

a

high pressure for |a®1"®#R5"Peri od of time). In thjs baayinddy car ftigé ng|out the

1]

heat segling diVvi dedry TW ce der d [ ohdi 'ﬂrﬁ;, an i or
nmenber f(y{_‘eagml?)étlo? er ‘ép Sment Cﬂéoneo aé’f‘mﬁj %grtbafg de“ltl)arf fo Sesﬁéoﬁérﬂ by
heat Sea's{rdﬁgoddﬂlﬁ&ﬁr 2 J06¢ L MM ir 8attr0us pr °ssmr2emp@ond t3 setondss

obt ai ne exanpte—of—the—condi-t+on—whi-th—is—enptoyed—n-the

subj ect net hod |s shown in Table 1. Table 1 Tenperature

(2) Non-aqueous electrolyte secondary battery

Next, the non-aqueous electrolyte secondary battery
according to an embodiment of the present invention is
describea in detail.

Fig. 7 is an exploded perspective view showing =a
non-aqueous electrolyte secondary battery according to an

,embodiment of the present invention.

In Fig. 7, this secondary battery is formed by enclosing
the wound battery element 20 installed with a positive
electrode terminal 22a and a negative electrode terminal 22b
in the recess 32 of the exterior member 300 for a battery element
having a configuration such that the recess-provided sheet
piece 300A which is one example of the first sheet piece and
the platy sheet piece 300B which is .one example of the seccond
sheet piece are partitioned from each other by the bending part
34. BAlsc, the positive electrode terminal 22a and the negative
electrode terminal 22b are each led out in, for example, the
same direction from the inside to the cutside of the exterior
member 300 for a battery element. The positive_ electrode

terminal 22a and the negative electrode terminal 22Zb are each
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of heater bar Heater bar to be heated Pressure of air to be fed into
heater bar cylinder Heat pressing

constituted of a metal material, for example, aluminum (Al),
copper (Cu), nickel (Ni) and stainless steel.

The recess-provided sheet piece 300A and the platy sheet
piece 300B are each fprmed of, for example, a rectangular
laminated film obtained by sticking a nylon film, an aluminum
foil and a polyethylene film in this order as described
previously, and the peripheral parts 36A and 36B of the both
sheet pieces are superimposed and heat sealed to form the
sealing part 38. 2Also, the portion including the bending part
34 in the sealing part 38 has the thick-walled part 40.
Furthermore, the sealant 24 for preventing penetration of the
air is inserted between therrecess~provided sheet piece 300A
and the platy sheet piece 300B and between the positive
electrode terminal 22a and the negative electrode terminal
22b. |

Fig. 8 is a schematic cross-sectional view along a
VIII-VITI line of the battery element 20 shown in Fig. 7.

InFig. 8, in the battery element 20, a positive electrode
210 andeinegative electrode 220 are disposed opposing to each
other and wound via a polymeric support layer (as described
later)23Owhid3holds51non—aqueouselectrolyticsolutionand
a separator 240; and an outermost péripheral part thereof is
protected by a protective tape 250.

As shown in Fig. 8, for example, the positive electrode

210 has a structure in which a positive electrode active
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time Weak condition 190C Only one of a pair of heater bars 0.15 MPa 3
seconds Strong condition '

materiél layer 210B is coated on the both surfaces or one
surface of a positive electrode collector 2102 having a pair
of opposing surfaces. The positive electrode coliector 210A
includes a portion where the positive electrode active
material layer 210B is exposed without being coated, inrone
end in the longitudinal direction, and the positive electrode
terminal 22a is installed in this exposed portion.

The peositive electrode collector 210A is constituted of
a metal foil, for example, an aluminum foil, a nickel foil and
a stainless steel foil.

The positive electrode active material layer Z10B
containé,aseapositiveelectrodeactivenmterial,anyonekind
or two or more kinds of a positive electrode material capable
of intercalating and deintercalating a lithium ion and may
contain a conductive agent and a binder as-the need arises.

Examples of the positive electrode material capabkle of
intercalating and deintercalating a lithium ion inclﬁde
lithium-free chalcogen compounds ({especially, layered
compounds and spinel type compounds), for example, sulfur (8),
iron disulfide (FeS;), titanium disulfide (TiS,), molybdenum
disulfide (MoS,), niobium diselenide (NbSez), vanadium oxide
(V205), titanium dioxide (TiO2) and manganese dioxide (MnO,):;
lithium-containing compounds containing lithium therein; and
conductive polymer compounds, for example, polyaniline,

polythiophene, polyacetylene and polypyrrole.
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200C Both of a pair of heater bars 0.2 MPa 3 seconds (2) Non-aqueous
el ectrol yte secondary battery Next, the non-aqueous el ectrolyte

secondary battery according to an enbodi nent of the present
described in detail

i nvention is

Of these, lithium-containing compounds are preferable
because they include ohes capable of cobtaining high voltage
and high_ anergy density. Examples of such a
lithium—-containing compound include complex oxides containing
lithium and & transition metal element; and phosphate
compounds containing lithium and a transitionmetal. From the
viewpoint of obtaining a higher voltage, those containing
cobalt (Co), nickel (Ni), manganese (Mn), iron (Fe), copper
(Cu), zinc (Zn), chromium (Cr), vanadium (V), titanium (Ti)
cr an arbitrary mixture thereof are preferable.

Such a lithium-containing compound is representatively
represented by the following general formula (1} or (Z).

LiM 02 (1)
L1M7 POy (2)

In the foregoing formulae, M’ and M™ each represents one
or more kinds of a transition metal element; and values of x
and y vary depending upon the charge-discharge state of the
battery and are usually satisfied with 0.05<x<1.10 and 0.05
<y £ 1.10, respectively. The compound of the formula (1)
generally has a layered structure; and the compound of the
formula (2) generally has an olivine structure.

Also, specific examples of the complex oxide containing
lithiumand a transition metal elemént include a 1lithium cobalt
complex oxide (LiyCo0z), a lithium nickel complex oxide

(LigNi0Q5}, lithium nickel cobalt complex oxide (LiyNi;-,Co:02)
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Fig. 7 is an expl oded perspective view show ng a non-aqueous el ectrol yte
secondary battery according to an enbodi nent of the present invention.

In Fig. 7, this secondary battery is formed by enclosing the wound battery
elenent 20 installed with a positive electrode term nal 22a and a negative
el ectrode termnal 22b in the recess 32 of the exterior nmenber 300 for a
battery el enent having a configuration such that the recess-provided sheet
pi ece 300A which is one exanple of the first sheet piece and the platy
sheet pi@re 300B1whi ehdi s bhehexanphegefhcshecespbay ohede hR¥teJare
partitioned fromeach other by the bending part 34. Al so, the positive

el ect r odg ey M Sdudasand iMagonegat i ve el ectrode term nal 22b are each

l ed out in, for exanple, the sane direction fromthe inside to the outside
of the exteri qipdmrer «308pf 8k &f batd @hnppirerentombbengosohtzénehect rode
term nal 22a and the negative electrode term nal 22b are each constituted

of a ”E.tlaj'[tk{&ﬁ}n%in@' a 100 £XHH Geraliuat BRELEA el 8OPREN 168 am Nirekel (Ni)
and stainless steel. The recess-provi ded sheet piece 300A and the

platy shagl. i soe 3003 arengachof 0nMBd: Olne for- exampl e ardmst angul ar

| am nat by sticking a nylon film an alumnumfoil and a

pol yet hyl ene .f.i | m.i.n_thi Lb Lous! ¥, and ddle :
periphef%ﬁjgg}lgnéé‘naﬂéﬁggég§% ?ﬁ39§§§ﬁbsﬁgg 6g¥ecg§ a?% supé%iégosed and
heat sealed to formthe sealing part 38. Al so, the portion including the

bending‘bé}%)34 in the sealing part 38 has the thick-walled part 40.
Furthernore, the seal ant 24 for preventin enetratio % he.al.r Is
i nserted bet wedh HRESr ePBREEH GV B%QEghgﬁ%%Ep%%%ﬁﬁ%% a%ﬁgl%ﬁéﬁy sheet
pi ece 3003 and between the positive electroge tergiqg% 22a anth%%
negat i vetlaf 6EENEEBTEATTRAITIFSy, Ones 1n Wi gh 3P LT QIR i e
cross-sectional viewalong a VIII-VIIl Iine of the battery elenment 20
shown | meEgl ¥s substitufedi ity Ain VEeCBaPtBRY &FEREATCDH, ™858dsiti ve
el ectrode 210 and a negative el ectrode 220 are di sposed opposing to each
ot her anellewend of &catpdngrerincasuppsrell fay@xan(la%u@@%wimfg Qe 230
whi ch hol ds anon-aqueous el ectrolytic solution and a separator 240; -and an
out er nostrhpehiphearal opartyddrerieobubs Girtettest wdtbyf huprbtectdi@ tCG@Fe 250.

be exemplified. Furthermore, at least a part of the surface

of the positive electrode active material may be coated with

other positive electrode active material. Also, a mixture of

plural kinds of materials may be used as the positive electrode

active material.

On the other hand, likewise the positive electrode 210,

the negative electrode 220 has, for example, a structure in

which a negative electrode active material layer 220B is

provided on the both surfaces or one surface of & negative

electrode cellector 2208 having a pair of opposing surfaces.

The negative electrode collector 220A has a portion which is

exposed without being provided with the negative electrode

active material layer 220B in one end in the longitudinal

22



As shown in Fig. 8, for exanple, the positive electrode 210 has a
structure in which a positive electrode active material |ayer 2103 is
coated on the both surfaces or one surface of a positive el ectrode
col l ector 210A having a pair of opposing surfaces. The positive el ectrode
col l ector 210A includes a portion where the positive el ectrode active
material |ayer 2103 is exposed w thout being coated, in one end in the

| ongi tudi nal direction, and the positive electrode termnal 22a is

i nst al | ed riexttibinstlexpostd ot tthennegativeRyeeplosids e mdligwtl 6de £l | ect or
210A is constituted of a netal foil, for exanple, an alumnumfoil, a

ni ckel figid-agnéddaist aktikesspsiseel plaitdion. The positive el ectrode
active material layer 2103 contains, -as a positive el ectrode active

material, anyane kéfsk Ofe M@ rdiy eckilnds cef 220pasi tiove teltedidods
mat eri al capable of intercalating and deintercalating a lithiumin and may

cont ai n Aeerdugkive agentxanpgia,bundeppas Ehelpegdnacksdsrfoil and
Exanpl es of the positive electrode naterial capable of intercalating and

deintergfh§g§4giégsli%@%qwgggqﬂinclude lithiumfree chal cogen conpounds
(especi a Iy,j1ayere5 conpounds and spi nel type conpounds), for exanple,

| f S), i i : 't aniura.di . )¢ m
sttt oo (oo UMAAR G BERSl | T e S BRRgen

e AR RS asse L e e, iR sont e 1 o
for exanple, polyaniling,Polviniophens. palxacelyhene and rabupykrole.
of intercalating and deintercalating a lithium ion and
metallic lithium and may contain a conductiﬁe agent and a binder
as the need arises.

Examples of the negative electrode material capable of
intercalating and deintercalating lithium include carbon
materials, metal oxides and polymer compounds. Examples of
the carbon material include hardly graphitized carbon
materials, artificial graphite materials and graphite based
materials. More specific examples thereof include pyrolytic
carbons, cokes, graphites, vitreous carbons, organic polymer
compound burned materials, carbon fibers, active carbon and
carbon black.

Of these, examples of the coke include pitch coke, needle
coke and petroleum coke. The organic polymer compound burned
material a-s referred to herein is a material obtained through
carbonization by burning a polymer material, for example,

phencl resins and furan resins at an appropriate temperature.
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O these, lithiumcontaining conpounds are preferabl e because they include
ones capabl e of obtaining high voltage and hi gh energy density. Exanples
of such a lithiumcontaining conmpound include conpl ex oxides contai ni ng
lithiumand a transition netal elenent; and phosphate conmpounds contai ni ng
lithiumand a transition netal. Fromthe viewpoint of obtaining a higher
vol tage, those containing cobalt (Co), nickel (N), manganese (M), iron
(Fe), copper (Cu), zinc (Zn), chromum (Cr), vanadi um g\/), titanium (Ti)

or an aPbbbr Emanpbaupd threhestl A% df netHBEp ron oxideg fifheniun

| i thiumcontaining conpound is representatively represented bf’ t he

fol | owi bgigenearal Mot vioten(l) oxide2) . and x FERPLESLI 9 FheyE9lvmer | p
the foregoing fornulae, MandM | each represents one or nore kinds of a
transitimanerebal inkeoest podpdcealliescofnd @ed vpwadedependi ng upon the
charge-di scharge state of the battery and are usually satisfied with 0.05
x5_ 1.10 and ©u95h5rm¥rd, 10eszueppeet i a y.tHEhe reoymoive oflederdédenmul a (1)
generally has a layered structure; and the conpound of the formula (2)

general Iy, +Rasg an-Qhdvi He SifitstdEBat ing and Aksatespedishiingekanpies of the
conpl ex oxi-de containing lithiumand a transition netal elenent include a

i thi umicahalit onpl ex) Oxisia: il 2R03), a adiidthium Nhekele learplexaoxi de
(Li xNi Oﬁ), 't hium ni ckel cobalt conpl ex oxide (Li.N 1-zCoz02)
least one of metal elements and semi-metal elements capable
of forming an alloy together with lithium. This negative
electrode material may be a single body, an alloy or a compound
of a metal element or a semi-metal element. Alsc, one having
one or two or more kinds of a phase in at least a part thereof
may be used.

Tn an embodiment according to the present invention, the
alloy also includes an alloy containing one or Two or more kinds
of a metal élement and one or two or more kinds of a semi-metal
element in addition to alloys composed of two or more kinds
of a metal element. Also, the alloy may contain a non-metal
element. Examples of its texture include a solid solution,
a eutectic (eutectic mixture}, an intermetallic compound and
one in which two or more kinds thereof coexist.

Examples of such a metal element or semi-metal element
include tin (Sn), lead (Pb), aluminum, indium {In), silicon
(si), zinc (Zn), antimony (3b), bismuth {(Bi}, gallium (Ga},
germanium (Ge), arsenic (As), silver (Ag), hafnium (HI),

zirconium (Zr) and yttrium (Y).
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(0 <z < 1)) and a lithium manganese conpl ex oxi de having a spi nel
structure (LiM204). Speci fic exanples of the phosphate conpound
containing lithiumand a transition netal elenent include a lithiumiron
phosphat e conpound having an olivine structure (Li FePO4) and a |ithium

i ron manganese phosphate conpound (Li Fel4MvPO4 (v < 1)). In these
conpl ex oxides, for the purpose of stabilizing the structure or the |ike,
ones in which apart of the transition netal is substituted with Al, My or
ot her transitipaveaetall,elemeatabr ctomeaitnel | A $eOvydeakRlgradigiddundary
and ones in which a part of oxygen is substituted with fluorine, etc, can
be exenpkibhgdngFis theromsey 1dtof east lanpatdrobittie parfadécdfakilive
positive el ectrode active material may be coated with other positive

el ectrogde ActueaBRLST bak. sAl 86on a0 Kinr s ofsypbatal 1 Kimdst ofaiat eri al s
maybe used as the positive electrode active material. - On the ot her

hand, | &E?\é" & thecposit ive sebgctdnrer 240 hake Aeyatpye eliaqtrodes 220 has,
for exanple, a structure in which a negative el ectrode active materi al

| ayer 230F L8 pooul ded onikhe: Dot Ul {gein AndneSubl aceoaioanegal | ve
el ectrodé col Fector 0 aving a pair of opposing surfaces. The negative

el ectrode, col |l ect or 220A a portion which is exposed w thout being
provide& %ﬁ? Fﬁgrﬁébggng%grectrode active material layer 220B in one end

ol o PR eSS Mgl SN LR P el ot
ol oct1 0de £ol L ScLor 2208 L5, Consi LiuLed BB IREAL Lol L Lebo0xamp e, @
member selected from the group consisting of silicon,
magnesium (Mg}, nickel, copper, iron, cobalt, manganese, zinc,
indium, silver, titanium (Ti), germanium, bismuth, antimony
and chromium (Cr}.
Examplesofalloysofsiliconincludealloyscontaining,
as a second constitutional element other than silicon, at least
one member selected from the group consisting of tin, magnesium,
nickel,copper,iron,cobalt,manganese,zinc,indium,silver,
titaniuﬁ, germanium, bismuth, antimony and chromium.
Examplesofcxm@oundsoftjjlorsiliconincludecompounds
containing oxygen (0) or carbon (C), and these compounds may
contain the foregoing second constitutional element in
addition to tin or silicon.
Next, the polymeric support layer 230 has ion
conductivity and is ablie to hold a non-aquecus electrolytic
solution therein. In the embodiment as shown in Fig. 8, this

polymeric support layer 230 comes into intimate contact with
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The negative electrode active material |ayer 2206 contains, as a negative
el ectrode active material, any one kind or two or nore kinds of a negative
el ectrode material capable of intercalating and deintercalating a lithium
ion and netallic lithiumand may contain a conductive agent and a bi nder
as the need ari ses. Exanpl es of the negative el ectrode materi al
capabl e of intercalating and deintercalating lithiuminclude carbon
materials, netal oxides and polynmer conmpounds., Exanmpl es of tgg car bon

mat er i abriadherrs far 8h§ w%m*%%e?&%a?%&ﬁ RRLSEAFS, SEHETFT il S igr aphi t e
materials and graphite based materials. Mre specific exanples thereof

i ncl ude2pgr olayt icorearirgis, ivekeate gEaphecEs Wil rebusdBEF oS, WHyani ¢

pol ynmer conpound burned nmaterials, carbon fibers, active carbon and carbon
bl ack. separa€brt Aedethexahptesodd 2heirokee i FrRPUERIPY teh’ ok, thieedl e
coke and petrol eum coke. The organic pol ymer conpound burned material as
ref erregotetheeekbetSradast BV icat thist sieped attioroddR eafbbhe Z:RIBRBY bur ni ng
a polymer material, for exanple, phenol resins and furan resins at an

appr opr bate+t-enperat ur el + eAhsa.i vexanpties pofl vivee imes appokt de vierc? e iron
oxi de, rutheni um oxi de and nol ybdenum oxi de; and exanpl es of the pol yner
mat eri al,ingldde-fel yaces vk apenard paintuat oketh or adRsneherarories
exanpl es of the negative electrode material capable of intercalating and

dei nt er %%(&;%tria@%rl LR umicnglhude smRterd el Scoom@l niigh @8 adgensttout i onal
el enent, at | east one of netal elenents and sem -netal el enents capabl e of

form ng anall oy 4 ogetfer, Woleh drid hiym < Thé shegakbve elentadecrat erial
may be & singl e body, an alloy or a conpound of a netal elenent or a

sem -netal el.enent,. Al sq, having one or two or nore kinds of. a phase
in at Iéﬁ%%fé%ﬁﬁaﬁﬁefﬁépégf%%gy be used. I n an embodi nent accor di ng

to the present ipvention. i he alloy al so. | gcl udes an.of Loy coataLai ng one

or two or noréeki-AdieHt- errent and one or two or nore kinds of a

sem -nmetal elenent in addition to_alloys conposed of ] i nds of

a netal & SMERRIN AFRY. the QPEWer?ﬁﬁ péalrn@glar%enfrr%%chgﬁlg%‘éaﬁ?gaaml es
of its texture include a solid solutjon, eut ecti.c eﬁy%&{k%kghﬁbure), an
i nt er neteiact spbuhBieaR@PBRatPA T t T &P SHore kiTdS THer edf “coexi st .

or the negative electrode 220 closely to an extent that they
do not relatively move each other unless a prescribed force
is added.

Wnen the polymeric support layer 230 and the separator
240, or the polymeric support layer 230 and the positive
electrode or negative electrode come into intimate contact
with or adhere to each other, the polymeric support layer 230
holds a non-aqueous electrolytic solution therein and becomes
a gel non-agueous electrolyte layer, whereby the positive
electrode 210 or the negative electrode 220 and the separator
240 adhere to each other via this non-agueous electrolyte

layer.

The degree of this adhesion 1is preferably a deg;ee such
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- Exanpl es of such a netal elenent or sem -netal element include tin (Sn),

|l ead (Pb), alum num indium(Iln), silicon (Si), zinc (Zn), antinony (Sb),
bi smuth (Bi), gallium (G), germanium (CGe), arsenic (As), silver (Ag),

haf nium (Hf ), zirconium (Zr) and yttrium(Y). Above all, a netal
el enent or a sem -netal elenent belonging to the G oup 14 of the

| ongf ornof t heperiodictable is preferable; and silicon O tin is especially
preferable. This is because silicon and tin have a large ability to

i nt er cakate ardrdei aiErealatedl thirengahd bateeabl eheosepraibon digh ener gy
density. ) Exanpl es of alloys of tin include alloys containing, as a
second goRstdtdddenalcalenbrother ddwitiven, epbcteadt @dé membere sel ect ed
fromthe group consisting of silicon, magnesium (My), nickel, copper,

iron, ¢ do1 VERDYEPESEde Z NE wHdHH R Sttves mddd:anUmalyBr) i sgestrani um
bi snut h, antinmony and chrom um (Cr). Exanpl es of alloys of silicon

i ncl ude | RN eCoRdcRRst ] § uthionak & ARRBL Oofher than
siliconfﬁg?8¥§%§t .égﬂﬁﬁg%%?éggfgcted Fron1the group consisting of tin,

. i ckel 1 o i st ¥ |
L oant ukCeorEaERaRr 3aPEh {4 04he SAIAL o MNO20SE r 2didlred Y pabL ST | ver

I S i mony and chrom um Exanpl es of

conpounds of tin or silicon jnclu Nk al ni ) or
carbon (85 CahPE s S EBRRaIHAL TROPEORE A A ThaY bf 2hcT g Sheand
constitutional element in additi tin or._si t he

1 L ] . t
O e e LT a6 286 e oo B IS T oS i Ce S e L R O 5
- | t | viti | i th in. | th nmbadi i
e i aerier 65 5B TS I s SRel Brcemepbaas SR th

the puiling.

By such intimate contact or adhesion, in the non-agqueous
electrode secondary battery according to an embodiment o.f the
present invention, an excess of the non-aqueous electrolytic
solution which does not substantially contribute to a battery
reaction can be reduced, and the non-agueous electrolytic
solution is efficiently fed into the surroundings of the
electrode active material. Accordingly, the non-agueous
electrolyte secondary battery according to an embodiment of
the present invention exhibits excellent cycle
characteristics even with a smaller amount of the non-agueous
electrolytic solution than that of the related art. Also,
since the amount of the non-aqueous electrolytic solution to
be used is small, the resistance to. liquid leakage is excellent.

The polymeric support which constitutes the foregeing
polymeric support layer is not particularly limited so far as

it holds the non-agueous electrolytic solution therein,
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or adheres to the separator 240. The polyneric support |ayer 230 nmay cone
into intimate contact with or adhere to the separator and the el ectrode as
in the separator 240 and the positive el ectrode 210 or the separator 240
and the negative el ectrode 220. Alternatively, the polyneric support |ayer
230 may not cone into intimate contact wth or adhere to the separator but
conme into intimate contact with or adhere to either one or both of the
positive electrode 210 and the negative el ectrode 220. It is neant

by the t@erBLYI Nbiabe: cAGt atdn apndeferined o heErimpidat thwereof ymeric
support | ayer 230 cones into contact with the separator 240 or the

p03|t|vgﬂ%hgggrodeag 1 9% £ Pe1 Hegatdawe el eciogmez20 cl haeliygt o an extent
that they do not relatively nove each other unless a prescribed force is

added. ., \!,\‘K}?LQattE%anh%[{EE' SfSH@EQEEnh@¥§He2§@ a0dsthe meparator 240,
or the po F&ngmic support layer 230 and the positive electrode or negatlve

el ect r ode cone nig LnLi,Rl g GOy a6l oL Mote adBerE e Eaghuplhes, Lhe

polynerlc support ayer anon- aqueous el ectrolytic sol ution
e A R o Y b el
aner© L 2gBTE O IET 205 08 S0USRUR, LA VLB imelrectioar oo O
copolymer, acrylamide based polymers, fluorine-containing
polymers of vinylidene fluoride, etc., polysulfones and
polyarylsulfonés. In particular, a polymer having a
copolymerization amount of acrylonitrile of 50 % by mass or
more has a CN group in a side chain therecf, and thus, it is
able to form a polymeric gel electrolyte with high dielectric
rconstant and high ion conductivity.
Tn order to enhance the supporting preoperties of the
non-aqueous electrolytic solution relative to such a polymer
or enhance +the ion conductivity of the polymeric gel
electrolyte from such a polymer, copolymers obtained by
copolyme-rizing acrylonitrile with a vinyl carboxylicacid (for
example, acrylic acid, methacrylic acid and itaconic acid},
acrylamide, methacrylsufonic acid, a hydroxyalkylene glycol
(meth)acrylate, an alkoxyalkylene glycol (meth)acrylate,
vinyl chloride, vinylidene chloride, vinyl acetate, a
(meth)acrYlate of every sort, etc. in a proportion of

preferably not more than 50 % by mass, and especially not more

than 20 % by mass can be used.
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that, for exanple, a peel strength between the separator and the exposed
portion of the positive el ectrode 210 or the negative el ectrode 220 where
the active material layer is not provided, but the collector is exposed is
5 mN nmmor nore. The peel strength is an average value of the force
required to peel the collector disposed on a supporting table fromthe .
separator while pulling at a rate of 10 cmimn in the 180 direction within
atime period of from6 seconds to 25 seconds after start of the pulling.
By such intinaiec¢ophaciranaatthest byamidet he adn-glyless et tode
secondary battery according to an enbodi nent of the present invention, an
excess ?Blyﬁ@rnonmgy,ecm tekeci £olwHa e SObulliyer ki ghl debscotlyte
substantially contribute to a battery reaction can be reduced, and the
non- aqugay sy el £ekbpl Yekce $ ahwti 1p1yh heafd rekepthycteds iatout dwolsire oundi ngs
of the electrode active material. Accordingly, the non-aqueous electrolyte

secondarybatheey; 3CLOLG] A [ 41N LTREA Mo 19krlige BECECHEc VRt On

exhi bits excellent cyc aracteristics even with a snaller anmount of the

non- aquegus. electrolibhe solubian .t AR hal obotbes el ated: agteufhso,

. Ol .
si nce t R&~aMoun € non-aqueous el ectrolytic solution to be used is

smal |, the tesi stance Lo |l quid Leakage iis. eXCal kel pucadsenclher ol yrreri c

support going pol'ymeri ¢ support layer Is not
particularly limted so far as it holds the non-aqueous el ectrolytic
sol uti off2fh&réCnPe B&Feby exhibiting ion conductivity. Exanpl es t her eof

~include acrylonitrile based pal yners haéin%.a co olyneri%a£i 0 amunt of
acryl oni trii el8fP&-oF BT SS LSS 81 aAd  eSFect Al §980- 9% By HEss or
nmore, aromatic polyam des, acrylonitri]|e/butadi ene copol ﬁEiS acrylic

pol ymer SOERRBESEd of Vany ded§nat e et Racr yFaE -Hono 8W§9€ YBPLRopol ymer

acryl am de based pol yners, fluorine-containing polyners of vinylidene
f1 uori deoretlyme nrolaysufidités Cang OPEIFa OFPQUIIEASs 2 T PN PR &L Erelt-&r 25a
pol ymer having a copol ynerization anmount of acrylonitrile of 50 % by nass
or nor e thas wo Ghhar dupsipparsi deSphaild ichedepipledtbausct| dncdugBl e to
forma polyneric gel electrolyte with high dielectric constant and high
i on conguQtyiwirtylidene fiuoride (pvdr), a polyvinylidene
fluoride-hexafluoropropyiene copclymer (PVAF-HFP) and a
polyvinylidene
fluoride-hexafluoropropylene—~chlorotrifluoroethylene
copolymer (PVAF-HEP-CTFE).
Next, the separator 240 is usually configured to have
an insulating thin membrane having high ion permeability and
predetermined mechanical strength, such as a porous membrane
composed of a polyolefin based resin or a porous membrane
composed of an inorganic material such as a non-woven fabric
made of a ceramic, or the like. However, in the non-agueous
electrolyte secondary battery according to the present

embodiment, it is preferable that the separator 240 1is

configured to have a porous membrane containing polyethylene
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In order to enhance the supporting properties of the non-aqueous
electrolytic solution relative to such a polynmer or enhance the ion
conductivity of the polyneric gel electrolyte fromsuch a polyner,

copol ynmers obtai ned by copol ynerizing acrylonitrile with a vinyl
carboxylic acid (for exanple, acrylic acid, nmethacrylic acid and itaconic
acid), acrylam de, nethacryl sufonic acid, a hydroxyal kyl ene gl ycol
(meth)acryl ate, an al koxyal kyl ene glycol (neth)acrylate, vinyl chloride,
vi nyl i dgpes ghiiar icdepovichyl aadetateainifpenb) awsg dtherofl lebelpy ®0%%, etc.
in a proportion of preferably not nore than 50 % by mass, and especially
not nDrsftﬁ@@y§QO&%D¥n§BSS can be used. Al so, the aromatic

pol yam de 1s a high heat-resistant polynmer. Thus, in the case where a

pol yneri c gel yglgct riql yegewhigpaksteequin edittierhapel heghyheat rasd st ance
as in autonobile batteries is required, the aronatic polyanide is a

preferr §g %ggg%sﬁggeg%%&%t A POIAUTBI BBV Y Fbi6108E! hakipigosSyIaes ur e

whi ch i copol ymeri zation with butadi ene, etc. can al so

be used. ., .] reicul g, Ntai NighG- 128 eRpe@ashirtus F onal
conponeﬁf,h%?%??ﬁﬁ%ﬁ%kbﬁgoé?d%?9%%§§$§eﬁ%thoI;%eﬁ;, gogolyners and

mul ti-conponent .copol yners, ar rapl POl YOBLLG-SUPPQLT .
Speci f i e@%a FéE%$ﬁ8r%%? P%C%ng%gg 288 Azghbe ¥ g

pol yvi nyl i denef.| uorj de( PVdF ol yvinyl i den i de- I opgopyl ene
copol ymePRVEBYEEY AP Gnd %hégg§§7?n”%/ﬁr?%%%\%n FelddPIhgte P

fl uori de-hexaf | uor opr opyl ene-chl orotrifl uoroethyYl ene Y

( PVdF- HEPLlaPrEpy Llene 151ﬁb£?1TQH%EﬁéﬁﬁFéigfmﬁﬁﬁaFgrﬁs%gl Y’ggﬁfﬁaﬁred to
have an insul ating thin nmenbrane havag% hi_gh ioE ﬂgLueabilL%%land

pr edet eOVieFeaFSChaRi i B3 bFAET Seekidd 52 por SURS Tt did cofBSsed of a
pol yol efin based resin or a porous nmenbrane conposed of an inorganic

mat er i altheuesf cae a thenmaswerawaabrit satfel Dfca ¥ anic, or the |ike.
However, in the non-aqueous electrolyte secondary battery according to the
present enboditmentrdiing ts am efrabirenhsf the RepeRl o 240 1% cH¥f i gur ed

to have a porous nenbrane contai ni ng pol yet hyl ene
making a mixing ratic of polyethylene and polypropylene fall

within the foregoing range, the start temperature of heat
shrinkage can be increased while keeping the shutdown
function-revealing temperature low.

While the start temperature of heat shrinkage is low as
compared with the case of 100 % by mass of poclypropylene,
according te an embodiment of the present invention, the
separator and the electrode firmly adhere to each other by the
foregoing polymeric support, and therefore, it is possible to
adequately control the heat shrinkage. Furthermore,
according to such a structure where the polymeric support is
arranged, since the separator itself can be made thin, the
energy density of the battery can be kept high.

Also, as constitutional components of the foregoing
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as a main conponent and containing not nore than 10 % by mass of
pol ypr opyl ene. Here, in the separator in which polyethylene and
pol ypropyl ene coexist, since a nelting point of polypropylene is higher
than that of polyethylene, the start tenperature of heat shrinkage can be
shifted to a higher tenperature side. Inversely, since a shutdown
function-revealing tenperature of polypropylene is high, the battery
tenperature at the tine of overcharge or internal short circuit easily
beconessépghatand itherefored e tHeradurdRafs Podagiihy leafségving a
According to an enbodi nent of the present invention, by making a m xing
rati o ofepeligiiyhenss ardmpabypr apylene 4DAC lorwbe hipr ohel $0e &goTimg r ange,
the start tenperature of heat shrinkage can be increased while keeping the
shut dowg {ngpgiﬁﬁrpdsﬁy@aéf ngrbaMpeeat uLecl ow. 170°C.  Wile the start
tenperature of heat shrinkage is |ow as conpared with the case of 100 % by
mass of pol ypeeylLRare2eear Hhtgny ararertediveant 1ok hékt pregenint
invention, the separator and the electrode firmy adhere to each other by

the foregollig PUIELItG SERRRRE ru@Adrbhes&fseent ol Shpassiddatdm
adequately control the heat shrinkage. Furthernore, according to such a

structuge iﬁee YABIC +8UPPOS L rh S0 2l 138 d,s SioRCEot figasepay at or
itself éa%&ﬁgéﬁ%ﬁe tﬁﬁ%, t he energ?édgnsity of the battery can be kept

hi gh. A&%%fuﬁst%8E§E5£HEEO%%Ecﬁ@%pqgﬁﬂt509fth@edEQkﬁgQﬁﬂ@ﬂr when a

material having an excessively highmeliting point is ccntained
as the constitutional component of the separator, é
temperature at which the separator reveals the shutdown
function is high so that thermorunaway is possibly caused,
whereby there.may be the case where it is difficult to secure
the safety. Also, when fhere igs a difference in melting point
of 20°C or more in the plﬁral constitutional components, the
functions including both shutdown and avoidance of the heat
shrinkage can be sufficiently obtained.

2 thickness of the separator is preferably from 5 to 20

Next, the non-agueous electrolytic solution may be any
solution containing an electrolyte salt and a non-agueous
solvent.

Here, the electrolyte salt may be any salt capable
generating an ion upon being dissolved or dispersed in a
non-agueocus solvent as described later. Though lithium

hexafluorophosphate (LiPFs) can be favorably used, needless
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separator, it is preferable to choose pol yethylene having a nelting point
of from about 130 to 140C or pol ypropyl ene having a nelting point of from
about 160 to 170C. When a material having an excessively | ow
:nelting point is contained as the constitutional conponent of the
separator, a tenperature at which the separator fuses is |low so that the
useful tenperature becones Iow. On the other hand, when a material having
an excessively high nelting point is contained as the constitutional

conponenrts @byt herseparaian vaet eaper dlursatl intiitedy thereepar at or reveal s
t he shutdown function is high so that thernorunaway i s possibly caused,

wher eby thereTﬁ%ﬁ be, tbﬁof@@&l&wﬁﬂﬁhlﬁmléélﬂgf|ﬁai|Exbﬂp$@¢ulﬁtﬁh@msafetY-
Al so, when there |s a difference in nelting point of 20C or nore in the

plural o £&Qponents, ) the {ungtiQns haghadhpgobeibnshyt down
and avoi ance of thelheat shrlnkage can be sufficiently obtained. A

thi ckness .qf st e s EPERRLRT A HS ¥Rl nac;ﬂ;%yuﬁ&ggrgé t@,i2%r,), 1NeXiumthe

non- aqueous eI 1 on e any sol ution contali ni ng an

electrol aIt and ?%ﬁgg?@quegHé S%JW%QE tetrg@%e|n%gg?§§g5£é0|yte

salt ma ﬁg"séit geherating an ion upon ol ved or
ﬂéiﬁ?[ﬁi%@ﬁ&%ﬂim‘ EFpHE) Sakthe ThvorabPy Gbatr PRELATSSL ph Edy. t he
eleCtrmégéiéggfvéf %gg é%é%éf%{t{f¥§ﬁum triflucromethanesulfonate

(LiCF1803), lithium bis (trifluoromethanesulfone)imide

(LiN (CF380;) ), lithium bis(pentaflucromethanesulfone)imide

{LiN {C2I's502) 2) and lithium tris-

(trifiuoromethanesulfone)methide (1LiC(CF3802)3) can be used.

These salts can be used singly or in combinations of two or

more kinds thereof.

The content cof such an electrolyte salt is preferably
from 5 to 25 % by mass. When the content of such an electrolyte
salt is less than 5 % by mass, tharestaconcernthatsuff1c1ent
‘conduc¢tivity is not obtainable. On the other hand, when it
exceeds 25 % by mass, there is a concern that the viscosity
excessively increases.

Also, examples of the non-agueous solvent include
various high-dielectric solvents and low-viscosity solvents.

Ethylene carbonate or propylene carbonate or the like
can be favorably used as the high-dielectric solvent, but the

high-dielectric solvent 1s not limited thereto. Other

examples of the high-dielectric sclvent include cyclic

32



That is, inorganic lithiumsalts, for exanple, lithiumtetrafluoroborate

(Li BF4), lithium hexafl uoroarsenate (Li AsF6), |ithium hexafl uoroantinonate
(Li S5F6), lithium perchlorate (LiCl04) and lithiumtetrachl oroal um nate
(Li A1C14); lithiumsalts of a perfluoroal kanesul fonate derivative, for
exanple, lithiumtrifluoronmethanesul fonate (Li CF3S03), |ithium

bi s(trifluoronethanesul fone)imde (Li N(CF3S02)2), lithium

bi s(pent af | uor onet hanesul fone)i m de (Li N(02F5S02)2) and |ithium
tris(tricerbonemsshandsul f 6aENwaER dOYDIICEoF3SER NGy beV HREE T hese
salts can be used singly or in conbinations of two or nore kinds thereof.
The contcenfocofatsych drr idluestrdl, yrelisaalarns Jrasfer abl L iR BLY RS % by
mass. Wien the content of such an electrolyte salt is less than 5 % by
mass, ther®drsta)concérohibav-sudfdtoeniavoddovei vi tghlsrasthpbeat nabl e.
On the other hand, when it exceeds 25 % by mass, there is a concern that

t he vi seeSidohex0essidvely filnereasesy lethylend seriexan.es of the
non- aqueous sol vent include various high-dielectric solvents and

| ow vi scosi t y18Q), VERbSace of, or Bhydenei eardegnahe wicldropyteasatay bonat e
or the like can be favorably used as the high-dielectric solvent, but the

Nt gn- Gl & QeI oS 0LYENL i 10! J L GO INAIRID ol hOba e228PLEECRE, L he

hi gh-di el ectric Solvent 1 nc cyclic carbonate) and

trifluorORBLhyletiyl eaenEaLhonderny1pyr Abedohs, M age als carokAiaddition

to, the cycli'c ¢arbonate, a |l actone, r exanple, y-butyrolactone and

y-val ot ol ackong. I A6 A AL EYBIRLE o NATBLRY PYT0lddonEonBotHal | C

. S T
car bam ¢ ester; “f or angl e, oxazol'i di none,” a sul f one compound,

L?gh?gﬁ cggg?%%%g%¥$%ht%%R%t%%h%%%es%ﬁf%%% Hrk%h%aﬂiQ% %%%db@sugge
as the high-dielectric solvent.

) On the other hand, diethyl carbonate can be favorably
used as the low~-viscosity solvent. Besides, chaincarbonates,
for example, dimethyl carbonate, ethyl methyl carbonate and
methyl propyl carbonate; chain carboxylic esters, for example,
methyl acetate, eﬁhyl acetate, methyl propionate, ethyl
propionate, methyl butyrate, methyl isobutyrate, methyl
trimethylacetate and ethyl trimethylacetate; chain amides,
for example, N,N-dimethylacetamide; chain carbamic esters,
for example, methyl N,N-diethylcarbamate and ethyl
N, N—diethylcarbamate: and ethers, for example,
1, 2-dimethoxyethane, tetrahydrofuran, tetrahydropyran and
1,3-dioxclane.

As the non-agueous electrolytic solution to be used in

the non-aqueous electrolyte secondary battery according to an

embodiment o¢f the present invention, the foregoing
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On the other hand, diethyl carbonate can be favorably used as the

| ow-vi scosity solvent. Besides, chain carbonates, for exanple/ dinethyl
carbonate, ethyl nmethyl carbonate and nethyl propyl carbonate; chain
carboxylic esters, for exanple, nethyl acetate, ethyl acetate, nethyl
propi onate, ethyl propionate, nethyl butyrate, nmethyl isobutyrate, nethyl
trimethylacetate and ethyl trinmethylacetate; chain am des, for exanple,
N, N- di et hyl acet am de; chain carbam c esters, for exanple, nethyl

N, N- di eh*ﬂ?hcaﬁbs@%ﬁ@i@%lﬁi&yﬂ aNcNt divetrhygboat banet Bverndaet herssed or
exanpl e, 1, 2-di net hoxyet hane, tetrahydrofuran, tetrahydropyran and

1,3-di 0x0hghe or in adfSxtheened agueaus rerectirioldd itheantaf ion 4wy be used
in the non“agueous el ectrol yte secondary battery according to an

embodi npaL s oLqt heypriesent -Lavent i on. prbecfosegol nghe highn dhehests| o
sol vent ~and ow- Vi scosity solvent can be used singly or in adm xture of

two or g%%t‘é}ﬂd%i&hsf{nf%iéfa any.-desisr edopi ¥ongor 8bi 9. LPrekesabiys the

non- aquéous e edtrol ytic solution contains from20 to 5 % by mass of a

cyclic nggg?@é%g%¥§a§£%%55ggF8 §@%&p¥8m§3§18£5 dOW Ybecesktyssefvent

(I owvi§ ueous solvent). Icular, a chain carbonate
having a boilin oint of npt higher t ' i,S desir : as the

| ow vi s€6 WF?tsg%@@ﬁY%S%@Sﬁ§YHﬁD§u% u%&ﬁ%ﬁ%ggﬁgb s e?gbﬁgé ???gggblution,
t he pol yneri¢c support can be.favorably.swollen wth_ a.s of the
non- aquéoGEaéPeEeEBPYEFE BBV afFo ,gaﬁélpﬁ'Pnggsg%bpgttgﬁééegggﬂg% make
bot h suppression of swelling or prevention of the |eakage %g the battery
and hi gh308aducdesitsbhyicts afbrE EompaMTBILE CRSLR Yedeh? 8t her BY USiNT when
the ratio of the cyclic carbonate to the | owviscosity solvent falls

out si de stlsd f ar egoiBgUEaVge, SLRELECLY Td Ccopeerh: P hat %}?e BSﬁHE‘SFFSi ty of
the electrolytic solution is |owered, and the cycle _characteristics are

| ower ed.support cBxabpl ésvofrabie chaild araridiate SHRHINGTRUWBS PEng Foi nt of
not higher than 130C include dinmethyl carbonate, ethyl methyl carbonate
and di etdyd-eardmanatelectrolyt Abseolntidora hatdgeh dtonPedntaidi #§ cyclic
carbonic ester derivative is contained as the foregoing cyclic carbonate
in the npRragieQuUsagkesttnl yhbpreskibhoofi swablmpref arrabientBagagse t he

cyclic characteristics are inproved.
the leakage of the battery and high conductivity much more
compatible with each other.

When +the ratio of the c¢yclic carbonate to the
1ow—viscositysolventfallsoutsidethef0regoingrange,there
is a concern that the conductivity of the electrolytic solution
is lowered, and the cycle characteristics are lowered.

Examples of the chain carbonate having a boiling point
of not higher than 130°C include dimethyl carbenate, ethyl
methyl carbonate and diethyl carbonate.

Bliso, what a halogen atom-containing cyclic carbonic
ester derivative is contained as the foregeing cyclic

carbonate in the non—aguecus electrelytic solution 1s more

preferable because the cyclic characteristics are improved.
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Exanpl es of such a cyclic carbonic ester derivative include
4-fluoro-1, 3-di oxol an-2-one and 4-chl oro-1, 3-di oxol an-2-one. These cyclic
carbonic ester derivatives can be used singly or in conbinations.

The content of the cyclic carbonic ester derivative is preferably fromO0.5
to 2 % by nmass. Wien the content of the cyclic carbonic ester derivative
is too low, an effect for enhancing the cyclic characteristics is snall
whereas when it is too high, there is a concern that swelling at the tine
of hi gh-tenperaimseest oragacheconesclacgearbonic Astemidry toataive

enbodi nent of the present invention, since the anmount of the non-aqueous

el ectrolythggsol ution existingbetweendi beopahybeone support |aye and the
separator, the positive electrode or the negative el ectrode w thout being

SUPPO”%%Plxoge_)lﬁ?é—&h@ﬁbhépLQWonev_en Mhene t Bech v \agtesiity soteent
having a low boiling point is used in an anmount of 50% by nmass or nore,

the Swelclleirqgfaitﬁvggpegﬁsﬁgdutsgdasliﬁﬁll&e\éﬁ’l in combilfyttikeisnon- aqueous
el ectrol'yt' € secondary battery according to an enbodi nent of the present

| nventi on as desclibed, preyiiislapaItibe ATR Obthe RaRiagueousis

electrolytic onexisting wthin the battery, typically the pouring

0.35 g BERTCHOGY ERESVAT Gntool THG Tore aqliots Srecrraryte secandary
battery. Wien the, Bouring Amunt, Q16 NoD-BGyeys, CLeCLEPLYL! for
enhancing the cyclic characteristics is small, whereas when
it is too high, there is a concern that swelling at the Time
of high-temperature storage becomes large.

According to an embodiment of the present invention,
since the amount of the non-agueous electrolytic solution
existing between the polymeric support layer and the separator,
the positive electrode or the negative electrode without being
supported by any of them is low, even when the low~viscosity
solvent having a low boiling point is used in an amount of 50 %
by mass or more, the swelling is suppressed to a low level.

In the non-aqueous electrolyte secondary battery
according to an embodiment of the present invention as
described previously, the amount of the non-aqueous
electrolytic solution existing within the battery, typically
the pouring amount of the nen-aqueous electrolytic solution

3 of the volume of this

is preferably from 0.14 to 0.35 g per cm
non-agueous electrolyte secondary battery.

When the pouring amount of the non—aqﬁeous electrolytic
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solution is less than 0.14 g per cnB of the volune of the battery, there
is a concern that expected battery perfolLmances, specifically expected
initial charge-discharge capacity and capacity retention rate cannot be
reali zed, whereby when it exceeds 0.35 g, there is a concern that the

resistance to |iquid | eakage is | owered. Here, the pouring anount
within the battery is, for exanple, neasured by a nethod as descri bed
bel ow. First of all, a weight of .the battery is neasured; and

subsequentiiyionties batsdmprel ehtmtPss Craldnt b oanae Heh"8iRddSnbl ed i nt o
the positive electrode, the negative el ectrode and the separator.

Ther eaf teeret hiss pesi tbueeehectiratle exples ifghab Ve BY e RFIRETIHE Fepar at or
and the exterior nenber are imersed in a dinethyl carbonate solution for
2 days; spedigfitanifi bkpatien, inacian dngrgg-fsschargedczracity S days. A
val ue obtained by subtracting the weight after vacuumdrying fromthe
initial ;wehghty scdehi-ned asttheapouti bg aselnted, wherelysehennithe

non- aqueous el ectrol yte secondary battery according to the present

‘enbodi Mgnt-cohit d S3PLEf eraks ¢ sthabnackat 19af MIMY s Dic sibee andlinguMD of t he
non- aqueous el ectrol'ytic solution existing between the battery el enent 20

and thel%ékgégoaanqg%&eggo for a battery element to the amount MA of the
non- aqueous €l ectrolytic solution existing inside the exterior nmenber 300

for abatteryyglenent.d s 00l 0 Subliad §i8fin cne batthan the thus defined

MO MA exceeds ere 1s a concern that swelling of the battery at the

time of high-tenperature, stora f11 C4 | 4, suppressed. Al so,
it is pPeflPalle eﬁﬁu%%de%ah/%%tgﬁ%@%s e st M

value 1s snmall as far as possible. Mst

Geslyrably, e AELIaLe 0, of 1Y Sine SUAAMED ) heks il e (har
subsequently, the battery element is taken out and then
disassembled into the positive electrode, the negative
eiectrode and the separator. Thereafter, the positive
electrode, the negative electrode, the separator and the
exterior member are immersed in a dimethyl carbonate solution
for 2 days; and after filtration, vacuum drying is carried out
for 3 days. 2 value obtained by subtracting the weight after
vacuum drying from the initial weight is defined as the pouring
amount.

Also, in the non-agueous electrolyte secondary battery
according to the present embodimentr it is preferable that a
ratio (MO/MA) of the amount MC of the non-agueous electrolytic
solution existing between the battery element 20 and the
exterior member 300 for a battery element to the amount MA of

the non-agueous electrolytic solution existing inside the

exterior member 300 for a battery element is not more than C.04.
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Here, the anount MA of the non-aqueous electrolytic solution existing in
i nside the exterior nenber for a battery elenent, nanely within the

non- aqueous el ectrol yte secondary battery nay be, for exanple, neasured
and calculated in the foll ow ng nethod. First of all, a mass of the
battery is nmeasured; and subsequently, the battery elenent is taken out
and then di sassenbled into the positive electrode, the negative el ectrode
and the separator. Subsequently, the positive el ectrode, the negative

el ectrode, thehsepahat ahuandaiimeek My M sendeds fOr04, bahereyiel @nent are
imrersed in arinse liquid such as dinethyl carbonate for 2 days; and
after fidddatdronthvacuymediyhog 68 caliei ashiotdrf orat3 days. tThereafter, a
mass of the battery after vacuumdrying is nmeasured, and the mass of the
bat t ery rafdref Maeuum iy sk rageSebhhatt 8¢ tugmitheniniyt kapprasseaf the
battery, thereby determning MA. On the other hand, the anobunt MO of the
non- aquepus, elegtr ol ke 230lutihaR exlSkongrbetween ikhemgalit gey rgkement
and the exterior nber a battery elenment, nanely existing within the

ne or
battery a%io%%g%il%e_ t &@%ései&y%hg%eﬁ%ﬂe-w»@evﬂeé gxaypl gowapasyred and

cal cul at'ed e followm ng net irst of all, amass of the

battery is me Sl'll'lr ?.% ign]g%‘éehrﬁo%%:“&ﬁ%r%/t&lmrg niosret !}%E}La%%ﬂeog fact

Subsequéﬁ??§ﬁr e t'hus ery elenment is 1nterposed by a raw

materi al . capabl e of absorbing the non- eous_electrolytic solution
t her ei n,f?%rS%mﬁsejjnch%ﬁ@%%acaal} Iqjeg?&?ﬁ%l%%éril‘- aqueous el ectrol ytic

sol uti ons which have oozed ou on application of a '%ﬁd f #0 kPa are

wi ped of f. Al TS hetlt @PPOF nﬁ%b@ fri&m KR cATT A8 Baf §F3 Srefeft has

been taken out is imersed in a rinse Ii%yid such as d'neth%% %arbonate

and t herP¥iieePn PHAEEAPCel ! BT A THASE T R "ERPEF| oF © feMBErSa/d t he

‘battery el ement having been subjected to a wiping-off treatnment is

measur ecelemeht haamstlyl wikbénokhe MOEABREIRS FIRF EiRL ¥ e SEIC8CAsde body

after the wiping-off treatnment is subtracted fromthe initial mass of the

batt er y,batieeehynaletier mfiimexdple, meajnad Ok wdanplatest irhéhe

manuf acturing nmethod of the foregoing battery elenent is described.
following method.

First of all, a mass of the battery is measured; and
subsequently, the battery element is taken out and then
disassembled into the positive electrode, the negative
electrode and the separator. Subsequently, the positive
electrode, the negative electrode, the separator and the
exterior member for a battery element are immersed in a rinse
liguid such as dimethyl carbonate for 2 days; and after
filtration, vacuum drying is carried out for 3 days.
Thereafter, a mass of the battery after vacuum drying is
measured, and the mass of the battery after vacuum drying is
subtracted from the initial mass of the battery, thereby

determining MA.

On the other hand, the amount MO of the non-agueous
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First of all, the positive electrode 210 is prepared. For exanple, in the
case of using a granular positive electrode active material, a positive

el ectrode active material and optionally, a conductive agent and a bi nder
are mxed to prepare a positive electrode m xture, which is then dispersed
in a dispersion nedium for exanple, N nethyl-2-pyrrolidone to prepare a
positive el ectrode m xture slurry. Subsequently, this positive

el ectrode m xture slurry is coated on the positive el ectrode coll ector
210A and1dici-edl yand ddien ieampiressing otwesh tbefolini¢tie epesienicvenc| ect r ode
active material |ayer 210B. Al so, the negative electrode 220 is

prepar ednFekt@%afpl fembBrt AR rcaseaaft disi g smegitanulate negatiseied ect r ode
active material, a negative electrode active material and optionally, a

conduct i ve agent . ad +a i BAET 0@ &1 dé ¥ork batPEepa BeeNegalsi e, ef@st T ode
m xture, which is then dispersed in a dispersion nedium such as

N-met hyl| x%n@ir r ol ggﬂ?eﬁoaﬂﬁe%ﬁ% @a%%giatl'nv%h%l eehnede g xaHe el urry.
Thereafter Thi's negative electrode mxture slurry is coated on the

negat i ve el ecgjod% g9l et 0, 2204 and ek ed - ot Lien, oDy gael o ol ded

to formthe negativé edtro e active materi a yer 2203 he

polynerlc su |s th nfo d 1 4 anpl es
of the & éhéhﬁ oﬁﬁiné“Fhe §61§n%€?c gﬂbﬁ%%F§iay 0% gogh%%x,
separator 240 include a tec qgﬁ of co

e

t
supportI@&ﬂ%ﬂQquF%ﬁﬂ?ﬁxcﬁl T8urf} 3 In%ﬁegﬁ separé%or 250" &hd

renovi ng the solvent; and a technique of affixj aratehgtgrepared
pol yrer iCRskPsoat [BRFETEM S He'S R PRI O e L%%%f%f%£l§469 on

therein, for example, cloths, and all of the non-agueous
electrolytic solutions which have ooczed out upon application
of a load of 10 kPa are wiped off. Also, the exterior membef
from which the battery element has been taken out is immersed
in a rinse liguid such as dimethyl carbonate and then dried.
Thereafter, a total mass of the exterior member and the battery
element having been subjected to a wiping—off treatment is
measured, and the total mass of the exterior body and the
electrode body after the wiping-off treatment 1is subtracted
from the initial mass of the battery, thereby determining MO.

Next, one example of the manufacturing method of the
foregding battery element is described.

First of all, the pesitive electrode 210 1s prepared.
For example, in the case of using a granuliar positive electrode
active material, a positive electrode active material and
optionally, a conductive agent and a binder aremixed toprepare

a positive electrode mixture, which is then dispersed in a
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Exanpl es of the technique for coating the polyneric support-containing
solution on the surface of the separator 240 include a technique of

i mrersing the separator in the polyneric support-containing solution; a
techni que of feeding and coating the solution by nmeans of a T-die
extrusion process or the |like; and a technique of coating the solution on
the surface of a base material by a spraying process or with a rol

coater, a knife coater, or the like. Exanpl es of the technique of a
desol vatii opetseat meatiifoy rfemvexanthe, strretbhyinérpdsralideRsi dife of
removi ng the solvent by drying; a technique of imersing the coated |ayer
in a poprepgtyentpefithee pol yoerbdesmppontet elnemyve the sol vent by
extraction and then drying and renoving. the poor solvent; and a

conbi nati on of,bheseeheThitiiespositive dbethrodectinityue stuatyiid ng t he
separately prepared polyneric support layer to the surface of the

- separ at f,, 248,04 RRcadhest ORe Gar e arhievedchy rusi 0y s adhesi vend I n t hat
case, however, the adhesive nust be adequately chosen according to the

Lype of hDg ELESILAl A eoteled Lonsdanbadigedithae sxampladeancanid, an

al kal i, "an organi ¢ solvent, etc.), and atfention may be paid not so as to

generateaégogg&ngayeI 210FAISO, exanpl es of technique for allow ng the
prepare oFynerlc Support layer to cone into intimate contact with the

separator incjude heat fusion. rat of _t dd ansgtion point
or hi gher. Inkgﬁ?ti %ﬂ?e$%§&@%ugﬂ%%q%ﬁﬁ qug%lgfngﬁgg%%éssure, f or

exanpleéxgﬁélg?lkncg rgggéogflgsing a granular negative electrode

active material, a negative electrode active material and
optionally, a conductive agent and abinder are mixed to prepare
a negative electrode mixture, which is then dispersed in a
dispersion medium such as N-methyl~2—pyrroli&one To prepare
a negative electrode mixture slurry. Thereafter, this
negative electrode mixture slurry is coated on the negative
electrode collector 220A and dried, and then compression
molded to form the negative electrode active material layer
220B.

The polymeric support layer 230 is then formed on the
separator 240. Examples of the technigue for forming the
polymeric support layer 230 on the separator 240 include a
technique of coating a polymeric support-containing solution
on the surface of the separator 240 and removing the solvent;
and a technigue of affixing a separately prepared polymeric
support layer on the surface of the Separatbr 240,

Examples of the technique for coating the polymeric
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preferable.. ™ ‘Subsequently, the positive electrode termnal 22a is
‘installed in the positive el ectrode 210, and the negative el ectrode
termnal .22b is also installed in the negative el ectrode 220. Thereafter,
the separator 240 provided with the polymeric support |ayer 230, the
positive el ectrode 210, another separator 240 of the sane type and the
negati ve el ectrode 220 are successively | am nated and wound. The
protective tape 250 is adhered onto the outernost peripheral part to form
a wound sebeottedentiadying solutThereaf the, sanfarectf otyt e ¥2LYeh as

| i t hi um hexaf | uor ophosphate and a non-aqueous el ectrol ytic solution
cont ai Nnpag arkRARrRgUeotscIgol ento B uthmas sénby ltére sEa@bmtate Hr etlpe epar ed
and poured into the inside of the wound el ectrode body, thereby hol ding
the nonpaqyeeys cekeshépt yebet SDhiHd e liut ddre; poteyuteniqusofpbesdiager 230
to foiman electrolyte. There is thus conpleted the battery el enent 20.

For exa |decoﬁ99f1- NohOfstille i BaN- ReeeeUs ogl gctrdiley bike raelivhi procassal so be
achieved in the sfate that the superinposed recess-provi ded sheet piece

300A an y et .pikece30QB: gre seaked-whthegachootbesnexsaephefor one
si de (fg)rrplggtgrr%ﬁg%'aasi de parallgl to the bending part 34), thereby fo

ning a bag. il g whichll 8. hen. haysedsthe, wound flect bode body-pef or e

pour i ngstuheaéjl e ol'ytic solution” By enploying this technique, a

precursor which will. be a raw erial for. folmng the polyneric support
and t he S€6/5érit acé?’iubtge rcéar%c\%é:d”?% & \aléanlclggesb that such a material or

sol vent does not renmain_w.thin the electrol form ng
t he pol yneri c%ﬁﬁ’gﬁs ng%ejc?(é{}%i"gﬁ?yo%&?%%ﬁher%kjg'ﬁ%rgl{z%é?&eﬁgaagéﬁ, it is
possi ble to make the polyneric sypport layer cone into intinate nt act

Wi th t hessyamst ofhe t FetPe8Ft i%tigﬁd\?ct? ogécbplflﬁg I ga??l{}%weﬁl%cfcr%%de.

I n the non-aqueous el ectrol yte secondary battery as described.previously,
when chagetenta byl EvaRGi oR FeCet B rehl HITkE § 14 Hife 1634 vEYEFect r ode

active material layer 2103 and intercalated in the negative electrode
active net el bay®en2203the PAMETOIT SHROOTS &P ECPPERYTHS S€dVEFTon hel d
in the polyneric support |ayer 230. \Wen discharged, a lithiumionis
dei nt er da} atedt famimrt kecnegani seyehecanddecneting e adod sedyért2203 and
intercalated in the positive electrode active material |ayer 21013 via the
pol yner i and uppestib 1 eyt or? 3 arteedche-eoinm dguesus el ectrol ytic sol ution.
" As the technique of affixing the separately prepared
polymeric support layer to the surface of the separator 240,
the adhesion can be achieved by using an adhesive. In that
case, however, the adhesive must be adequately chesen
according to the type of the electrolytic solution to be used
{for example} an acid, an alkali, an organic sclvent, etc.),
and attention may be paid not so as to generate clogging.
Also, examples of technigque for allowing the prepared
polymeric support layer to come into intimate contact with the
separator include heat fusion at a temperature of the gel

transition point or higher. In particular, heat fusion while

applying a pressure, for example, hot roll compression is
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Here, in the exterior nenber for a battery el enent to be included in the
ng non-agueous el ectrol yte secondary battery, the thick-walled part
s formed in the bending parr which is likely influenced especially by a

f or egoi

heat stress, chem cal changes of a resin |ayer and an adhesive | ayer,

during

i nfluences and has excellent hernetic sealing properties. Al so,
t hi ck- wakkégzrpdie.-is favorably fornmed by a | ower pressure than that in
ot her sealing part. However, since the area which is occupied by the

etc.

heat sealing for hernetically sealing the battery el enent. Thus,
the exterior nmenber for a battery elenent is hardly damaged by such

t he

thi ck-wal | ed pabteisentlati véley pomldive hekectwods ougiianl advaniage t hat

swelling of the battery to be caused due to penetration of water generated
in the caseadfled dm exanpbesitusvagedrcexode Glneret flor nepatieey
in which all other sealing parts are forned under a | ow pressure

el enent

can be aveitedicEXAMMEST 22b iAn £idodinmentiaedoridi ngh4 onkbhetpresent
invention is hereunder described in nore detail with reference to the

foll ow

B4 cRxapRlesrand ©aspakative Exanplesrehileznef erpivigsetiowt bl

acconpanyi ng draw ngs. However, it should not be construed that the

pr esent

thRVEeRLLAB kS bhPbbed 1hesetmop@@lsktive electrode 210,
another separator 240 of the same type and the negative
electrode 220 are successively laminated and wound. The
protective tape 250 is adhered onto the Qutermost peripheral
part te form a wound électrode body.

Thereéfter, an electrolyte salt such as lithium
hexafluorophosphate and a non-aqueous electrolytic solution
containing a non-agueous solvent such as ethylene carbonate
are prepared and poured into the inside of the wound electrode
body, ﬁhereby holding the non-aqueous electrolytic solution
in the polymeric support layer 230 to form an electrolyte.
There is thus completed the battery element 20.

For example, pouring of the non-aqueous electrolytic
solution can also be achieved in the state that the superimposed
recess-provided sheet piece 300A and platy sheet piece 300B
are sealed with each other except for one side (for example,
a side parallel to the bending part 34), thereby forming a bag,
into whiéh is then housed the wound electrode body before
pouring the electrolytic solution. By employing this

technique, a precursor which will be a raw material for forming
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First of all, cobalt carbonate (CO003) was m xed in a proportion of 1 nole
per 0.5 noles of lithium carbonate (Li2C38), and the m xture was burned in
air at 900C for 5 hours, thereby obtaining a |ithiumcobalt conpl ex oxide
(Li Co02) as a positive electrode active material. Subsequently, 85
parts by mass of the obtained lithiumcobalt conplex oxide, 5 parts by
mass of graphite as a conductive agent and 10 parts by mass of

pol yvinyl i dene fluoride as a binder were m xed to prepare a positive

el ect r odaendotwiee;i whiohowasandehedispeesedanb NREANEd 20 AFTHI9%one as a
di spersion nmediumto forma positive electrode m xture slurry.

Subsequent t¥at tdhich pogshtéveael ectyddesmi ﬂmnsrturﬁmait\aswtmh{@z’fzh@ y coated
on the both surfaces of the positive electrode collector 210A conposed of

an al unicnum-hehl,rand Alasd hg e hicpkae stomafi) thienpo dyiediansipierc
conpression nolded by a roll press to formthe positive el ectrode active

mat eri al. .l ayers 21031There twes s prepaned dhaduosiiti ve bestisbee 210.
Thereafter, the positive electrode termnal 22a was installed in the

posi tive el ect rt%gg%gﬂagmeric suppdFt 1B 0t Behe hand, iatpubyeréaetagr aphite

powder was pr-epar a negative el ecCtrode active material. 90 parts by

mass of v}i%ihsg%%ﬁgggg%aegwerm%n%qta% S ydmss ofr POhY Vi Syht deae

fluoride as r-were ' mxed“to prepare a negative el ectrode m xture,
whi ch maﬁtthen di spersed in N-nethyl-2-pyrrolidone as a dispersion nedi um
to foi. A% REGati ve el ectrode mixture slurry. Subsequently, this

negat Ve o CohLo0e AU S SLULLY YRS L L2 Thv contar on.dde both

2 rol | IR MO oPAFFIGLRgAt | 0B eETPSOE act Fuo  TaLePRal Fhyel 2208,

There was thus prepared the negative el ectrode 220. ) .
deintercalated from the positive electrode active material
.layer 210B and intercalated in the negative electrode active
material layer 220B via the non-agueous electrelytic solution
held in the polymeric support layer 230. When discharged, a
lithium ion is deintercalated from the negative electrode
active material layer 2203 and intercalated in the positive
electrode active material layer 210B via the polymeric support
layer 230 and the non-aqueous electrolytic solution.

Here, in the exterior member for a battery element to

be included in the foregoing non-aqueous electroliyte secondary
battery, the thick-walled part is formed in the bending part
which is likely influenced especially by a heat stress,
chemical changes of a resin layer and an adhesive layer, etc.
during heat sealing for hermetically sealing the battery

element. Thus, the exterior member for a battery element is

hardly damaged by such influences and has excellent hermetic
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Subsequently, the negative electrode termnal 22b was installed in the
negati ve el ectrode 220. Al so, polyvinylidene fluoride was used as a
pol ymer conpound to be used for the polyneric support |ayer 230. A
solution of the subject polynmer prepared by dissolving it in an

N- net hyl - 2- pyrrol i done solution in an anmobunt of 12 parts by mass was
coated on the both surface of the separator 240 conposed of a m croporous
filmand having a thickness of 12 Rmby a coating unit. This coated film
was i mesesed righ pdeipenitzed wat er and then dried to formthe pol ynmeric
support |ayer 230 having a thickness of 5 pmon the separator 240.

The thus preparnesd,pesid intg Bl-ectinede ki and fegat divey ef ecteddey 220 wer e
brought into intimte contact with each other via the separator 240 having

the pol ynRrd Cp sUPPOFL thavern230 nf ofied shareenpand. t hewaraundsincehe
| ongi tudi nal direction, and the protective tape 250 was stuck on the

out er nost, ey Lty NeLeby, phenald gyt hebathery-gheent gkt is

Furt her nore, e prepared battery el enent 20 was housed in the recess 32

2 e SR SiE shenl pase . ot s en phesh,

Subsequéﬁi Y, ﬁg part to superinpose the
Ther oaf (6, ¥hePBerrpNera Part-docsr The fao oy < s was host”

Ther eaf t par t ong sides was heat seal ed

using the level difference-provided heat.bar_as sh i n_.Fi .t her eby
For i ng S 1Y i 998 S SRS TRTEKS 0l 2t Pt et Eoiae L hus
obt ai ned_the exterior nenber, 300 for a batte eIenEﬂt in_a Qag farm

The seali R TH hRL TR ckheetoF 1 aﬁﬁeﬁnae? &"PhPER-Rafrred part
40 had a thickness of 240 gm Also, the length of the thick-walled part in

the | ongfatmeRd iRt i Dl WAL TEIERET f3VePE P TREIPRngt h of the |ong side of
the exterior nmenber for a battery el enent.

EXAMPLES
An -embodiment according to the present invention 1is
hereunder described in more detéil with reference to the
following Examples and Comparative Examples while referring
to the accompanying drawings. However, it should not be

construed that the present invention is limited thereto.

Example 1

First of all, cobalt carbonate (CoCOs;) was mixed in a
proportion of 1 mole per 0.5moles of lithium carbonate {L1:C0s3},
and the mixture was burned in air at 900°C for 5 hours, thereby
obtaining a lithium cobalt complex oxide (LiCo0;) as a positive
electrode active material.

Subseguently, 85 parts by mass of the obtained lithium

cobalt complex oxide, 5 parts by mass of graphite as a
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A noi stureproof alum numlam nated filmprepared by |amnating a 25
pmthick nylon film a 40 pmthickness alum numfoil and a 30 gmthick

pol ypropylene filmin this order fromthe outernost |ayer was used -as the
| am nat ed sheet. The thickness of the thick-walled part was thicker than a
total thickness of the stuck two |am nated sheets. It may be consi dered
that this was caused due to the fact that the pol ypropylene filmas a
sealing resin flowed into the thick-walled part at the tinme of heat

seal i ngconductivBulmszanieneng, 18n RAIEES r HIY 1TSS oPdt i RML B POLILF i nto t he
exterior nenber 300 for a battery elenent in a bag formhaving the battery
el enent £2@ochatsess thei =iy wame tirepdrd pheparepmpPesetivhes kefai Pifig one
side was heat seal ed under a reduced pressure using the heater bar in a

pl aty shapenrthenghyhaghievheany diespet sedsealNmgethyl-2-pyarel 2dendl ytic
solution prepared by dissolving 1.2 noles/L of |ithium hexafl uorophosphate
in a mxedasekveat-sebnehbyl eneccaf bonatepanilt tivet byteneodarboratesi n a
mass ratio of ethylene carbonate to di ethylene carbonate of 3/7 was used.

Ther eaf g, 4he QQbéégﬁgnbgy et iGapby i seakes dotyodaniixtiareposedrpy st eel
pl ates and heated at 7000 for 3 mnutes, thereby allow ng the separator

240 to %%@eré%j}i% A= dde posihiveceheau:ade 21k anthé heopegateve
e via the

el ectro pol ymeric support |ayer 230. There was thus obtai ned

Exanp! QLU LU Ol 1225 LW AL PBEL AN Y £0Tark T FurkAHP! 201 CoRRArati ve

having a thickness of 20 um, dried and then compressiocn molded
by a roll press to form the positive electrode active material
layer 210B. There was thus prepared the positive electrode
210. Thereafter, the positive electrode terminal 2Za was
installed in the positive electrode 210.

On the other hand, a pulverized graphite powder was
prepared as a negative electrode active material. 90 parts
by mass of this graphite powder and 10 parts by mass of
polyvinylidene fluoride as a binder were nixed to prepares a
negative electrode mixture, which was then dispersed in
N-methyl-2-pyrrolidone as a dispeision medium to form a
negative electrode mixture slurry.

Subsequently, this negative electrode mixture slurry
was uniformly coated on the both surfaces of the negative
electrode collector 2204 composed of a copper foil and having
a thickness of 15 um, dried and then compression molded by a
rollpressix>fomnthenegativeeﬂectrodeactiven&terial1ayer

220B. There was thus prepared the negative electrode 220.

44



A non-aqueous el ectrolyte secondary battery of this Conparative Exanple
was obtained by repeating the same operations as in Exanple 1, except for
changi ng the heater bar for heat sealing the long side to the heater bar
in a platy shape as shown in Fig. SA. The sealing part had a thickness of
180 pm <Leakage test of the contents of battery> Five sanples for
each of the secondary batteries of Exanple 1 and Conparative Exanple 1
were prepared and provided for this test. Each of the secondary
bat t er y Suhsphosniiay, chihgedragativien siofreacfer 2OrEayaLi 242 vatdim
furnace (vacuum condition: not nore than -0.1 MPa (gauge pressure),
t enper atlus¢amledi ant heef npgateves58Cectiroideowed -by t aki ng out fromthe
vacuum furnace. The | eakage of the contents of the battery fromthe
bendi ng part 24sof pheayexnetliidenrentierol3iid ovaa baetems o epehynaas
vi sual | y observed.

compound to be used for the polymeric support layer 230. A

solution of the subject polymer prepared by dissolving it in

an N-methyl-2-pyrrolidone sclution in an amount of 12 parts

by mass was coated on the both surface of the separator 240

composed of a microporous film and having a thickness of 12

um by a coating unit. This coated film was immersed in

deionized water and then dried to form the polymeric support

layer 230 having a thickness of 5 um on the separator 240.

The thus prepared positive electrode 210 and negative

electrode 220 were brought into intimate contact with each

other via the separator 240 having the polymeric support layer

230 formed thereon and then wound in the longitudinal direction,

and the protective tape 250 was stuck on the outermost periphery,

thereby preparing the battery element 20.

Furthermore, the prepared battery element 20 was housed

in the recess 32 of the recess-provided sheet piece 300A made

of a laminated sheet. Subsequently, the bending part 34 was

folded to superimpose the recess—provided sheet piece 300A and

the platy sheet piece 300B. Thereafter, the peripheral part

36 of the two long sides was heat sealed using the level

difference—-provided heat bar as shown in Fig. 5C, thereby

forming the sealing part 38 and the thick-walled part 40.
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As a result, as to the secondary battery of Exanple 1, the | eakage was not
observed with respect to all of the five sanples. On the other hand, the

| eakage was confilLned in four of the five sanples with respect to the
secondary battery of Conparative Exanple 1. It has been noted from
these results that the hernetic sealing properties of the secondary
battery of the invention is markedly enhanced as conpared with those of

the rel ated-art product. Wil e the t. ti b
descri bBeFe vt ahHswip ke B8petle tedits%?r’eo%%{?%%ee%eﬁlto@\lgaal %%%a‘rs?grygignpl es,

the present invention is never limted to these enbodi ments and worKking
exanpl eslenst van i dUsAEhamges and nodifications can be made therein
wi t hout departing fromthe spirit and scope thereof. For exanpl e,
the pol yneri cTiseipparltidqayerr23® sdnet tancéssent pal 18Perentanmd-ay be
omtted. The present application contains subject matter related to that
di scl osggit@,dgpgé@sgaf)tl 00i hydPat enti Appldcati o JRMRO0GR A 78dhd i |l ed in
Japan Patent O fice on June 2, 2008, the
length of the thick-walled part in the long side direction was
5 % relative to the length of the long side of the extericr
member for a battery element.
A moistureproof aluminum laminated £ilm prepared by
laminating a 25 pm—thick nylon £ilm, a 40 pm-thickness aluminum
foil and a 30 pm-thick polypropylene film in this order from
the outermost laver was used as the laminated sheet. The
rhickness of the thick-walled part was thicker than a total
thickness of the stuck two laminated sheets. It may be
considered that this was caused due to the fact that the
polypropylene film as a sealing resin flowed intce the
thick-walled part at the time of heat sealing.
Subsequently, an electrolytic solution was poured into
the exterior member 300 for a battery element in a bag form
having the battery element 20 housed therein, and the
peripheral part of the remaining one side was heat sealed under
a reduced pressure using the heater bar in a platy shape,
thereby achieving hermetic sealing.
An electrelytic solution prepared by dissolving 1.2

meles/L of lithium hexafluorophosphate in a mixed solvent of

ethylene carbonate and diethylene carbonate in a mass ratio
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entire contents of which is hereby incorporated by reference.

It should be

understood by those skilled in the art that various modi fi cati ons,

conbi nati ons, sub-conbi nations and alterati ons nmay occur dependi ng on
design requirenents and other factors insofar as they are within the scope
of the appended clainms or the equivalents thereof. Wat is clainedis:

1. An exterior nenber for a battery el enent conprlsing' a first sheet

pi ece made of a | am nat ed sheet; cond sheet %géngde of a an1nated

sheet ; afb%ﬂwlrﬁﬁ)&atrbp&atﬁawudﬁw% R E3F P§P

¥eg e

Thereafter, the cbtained hermetically sealed body was

interposed by steel plates and heated at 70°C for 3 minutes,

thereby allowing the separator 240 to adhere to each of the

positive electrode 210 and the negative electrode 220 via the

polymeric support layer 230. There was thus cbtained a

non-agqueous electrolyte secondary battery of this Example.

Comparative Example 1

A non-aqueous electrolyte secondary battery of this

Comparative Example was obtained by repeating the same

operations as in Example 1, except for changing the heater bar

for heat sealing the long side to the heater bar in a platy

shape as shown in Fig. 5A. The sealing part had a thickness

of 180 um.

<Leakage test of the contents cof battery>

Five samples for each of the secondary batteries of

Example 1 and Comparative Example 1 were prepared and provided

for this test.

Each of the secondary battery samples was charged and

then stored for 20 days in a vacuum furnace (vacuum condition:

not more than -0.1 MPa {(gauge pressure), temperature within

the furnace: 50°C), followed by taking out from the vacuum

furnace. The leakage of the contents of the battery from the
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and the second sheet piece fromeach other; a sealing part which is
formed by a peripheral part of the first sheet piece and a peripheral part
of the second sheet piece corresponding to the peripheral part of the
first sheet piece and which heinietically seals a battery el enent; and
a thick-walled part forned so as to include at |east a part of the bending

p?rp. _ 2. The exterior nenber for a battery elenent according to
claim1l, erein the thick-walled part_ is forned by a.l owe
pr essur @EKERBRPHF esHUPE HHe SEEEITAY Iﬁ%‘ﬁ’g?sgq 5Pﬁeﬂ%5§.tel%’ eleme%£ The

exterior member for a battery element according to claim1 or 2, wherein
a thi ckests parstiada yofobsisavielsi-ck- wal | ed part has a thickness of from1.2 to
3 times that of the sealing part.

As a result, as to the secondary battery of Example 1,

the leakage was not observed with respect to all of the five
samples. On the other hand, the leakage was confirmed in four
of the five samples with respect to the secondary battery of
Comparative Example 1.

Tt .has been noted from these results that the hermetic
sealihg properties of the secondary battery of the invention
is markedly enhanced as compared with these of the related-art

product.

While the present invention has been described in detail
with respect to some embodiments and working examples, the
present invention is never limited to these embodiments and
working examples, and various changes and modifications can
be made therein without departing from the spirit and scope
thereof.

For example, the polymeric support layer 230 is not an
essential element and may be omitted.

The present application contains subject matter related
to that disclosed in Japanese Priority Patent Application JP
2008-144781 filed in Japan Patent Office on June Z, 2008, the
entire contents of which is hereby incorporated by reference.

Tt should be understood by those skilled in the art that
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4. The exterior nmenber for a battery el enent according to any one of
clainms 1 to 3, wherein the exterior nmenber for a battery el enent
forms a rectangul ar shape in terns of a planar shape and has a length in
the long side direction of the thick-walled part is not nore than 80 %

relative to that of the I ong side thereof. 5. The exterior menber
for a battery elenent according to any one of clains 1 to 4, wherein the
battery elenent forms a rectangul ar shape; the first sheet piece

and/ or~ vheisweomposifdan tpicdse hasmalpeeesss, afgp-combinations and

alterations may occur depending on design reguirements and
other factors insofar as they are within the scope of the

appended claims or the eguivalents thereof.
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the battery elenent is housed in a space fornmed by the recess. 6.
non-aqueous el ectrol yte secondary battery conpri sing: a battery
element in a rectangular plate formhaving a positive el ectrode and a
negative el ectrode wound therein via a separator; and an exterior nenber
for a battery elenent including a first sheet piece nade of a | am nated
sheet; a second sheet piece nade of a | am nated sheet; a bending part for

partitioning the first sheet piece and the second sheet piece from each
ot her; What is claimed is: ‘

1. An exterior member for a battery element comprising:

a first sheet piece made of a laminated sheet;

a2 second sheet piece made of a laminated sheet;

a bending part for partitioning the first sheet piece
and the second sheet piece from esach cther;

a sealing part which is formed by a peripheral part of
the first sheet piece and a peripheral part of the second sheet
piece corresponding to the peripheral part of the first sheet
piece and which hermetically seals a battery element; and

a thick-walled part formed so as to include at least a

part of the bending part.

2. The exterior member for a battery element according
to ¢laim 1, wherein
the thick-walled part is formed by a lower pressure than

a pressure the sealing part is formed by.

3. The exterior member for a battery element according
to claim 1 or 2, wherein
a thickest portion of the thick-walled part has a

thickness of from 1.2 to 3 times that of the sealing part.

4. The exterior member for a battery element according
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a sealing part which is fornmed by a peripheral part of the first sheet
pi ece and a peripheral part of the second sheet piece corresponding to the
peri pheral part of the first sheet piece and which hernetically seals a

battery el ement; and a thick-walled part forned so as to include
at least a part of the bending part.

to any one of claims 1 to 3, wherein

the exterior member for a battery element forms a
rectangular shape in terms of a planar shape and has a length
in the long side direction of the thick-walled part is not more

than 80 $ relative to that of the long side therecf.

5. The exterior member for a battery element according
to any one of claims 1 to 4, wherein

the battery element forms a rectangular shape;

the first sheet piece and/or the second sheet piece has
a recess; and

the battery element is housed in a space formed by the

recess.

€. A non-aqueous electrolyte secondary battery
comprising:

a battery element in a rectangular plate form having a
positive electrode and a negative electrode wound therein via
a separator; and

an exterior member for a battery element including

a first sheet piece made of a laminated sheet;

a second sheet piece made of a laminated sheet;

a bending part for partitioning the first sheet piece
and the second sheet piece from each other;

a sealing part which is formed by a peripheral part of
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the first sheet piece and a peripheral part of the second sheet

plece corresponding to the peripheral part of the first sheet

piece and which hermetically seals a battery element; and
a thick-walled part formed so as te include at least a

part of the bending part.
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