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aqueous systens have a cell voltage of only about 1.2 V, maeking it
difficult to achieve a higher energy density. 30 Attention has thus been
devoted recently to lithiumbased secondary cells, which have a high cel
voltagk of at least 3 V and a |large energy density per unit weight.
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30 Attention has thus been devoted recently to
lithium-based secondary cells, which have a high cell voltage
of at least 3 V and a large energy density per unit weight.

Lithium-based secondary cells generally use a liquid
electrolyte in the form of an electrolyte solution prepared

35 by dissolving an ion-conductive salt such as LiBF, or LiPF, in
an aprotic organic solvent, and are thus classified as

nonaqueous electrolyte batteries.



so As a result, very unstable high oxides format the positive el ectrode
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withi n t helbibiupyigask whigk %&§§eaﬁ83tB@SQ6FMﬁeeé§€ﬁEP§& BFtiNe protective
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ment i ons tﬁatsﬁﬁé undesirabl e effects of overcharging, including a rise in

vol tage, can be pmeERAdY, HYWRIVRAS! Rtheh Ry WMl 1GERS, drdiRirigéar resin
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positive electrode side which has lost lithium ions.
Moreover, as overcharging proceeds, the voltage continues to
climb, subjecting organic substances and other constituents
within the electrolyte solution to decomposition reactions
35 which in turn generate large amounts of combustible gas.
Rapidly exothermic reactions also arise, causing abnormal
heating of the cell, which can ultimately lead to ignition



20 polyvinylidene fluoride copolynmers conposed of a polyvinylidene fluoride
conponent in conbination with trifluorochl oroethylene, tetrafl uoroethyl ene,
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above mn||Sasbr9@@09685@n@E§v996em@eﬁﬁéraﬁﬁiesl&béwenééepamﬁetbﬁoh#9€¢5t|on
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devi ces whi ch st dne ndikedi-oaidarigm altextagecibay tey imsanskdfl Iftdnmusal is
reactipns fhat g%‘%‘égsehﬁgBEbﬁﬁh SQEEQXisthHéEg rg 8%Erb§9§ efineray dur|ng
charging is used othér than in tHe charging and di SChargi ng”reactions,
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charge/di scharge efficiency is desired. Mdreover, when a sell is held at a

pot enti al nggéntBaFﬁetPuWP§eEharEB&SspﬁFXenﬁﬁs§Pv8VFﬁ§hP£9§FsSﬁﬁ%Png poor
ion 2s conﬁuomlar&;iagdaaaeausenkeepduchEVbhyteiyemrbmrunabrgesnglae and
negatiye e rfacgs and at p05|élve nd n;gatlve ectrode active
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characterlstlcs of t'he ¢ deterioration ttery
per f or manc 8CdN§REEr e SIED| &s IS §B§8F9é69a§e§h§8éﬁmnéslHeéﬁéVQQ H@nEFty when
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capaci t &h re eat ed hargelgésch possi bl e cause of
i nd

0aSsi v tnsORe BeErnaRek Feladc b LBAE) Bypar rendizeothen vie.  Guch

deconposi t inporpotratibear ofir ampredeat ikegbitrenper ahtirhs prékeéhtss, the
organic SOE¥SQEhH§§Qn'n the electrolyte 5 may undergo el ectrochem cal
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used as the ion-conductive salt, hydrogen
30 total cost of the battery. oreover, in lithium ion
secondary batteries in actual use, the protective circuit is
situated within the battery pack. The mass and the volume
occupied by the protective circuit thus lower the actual
energy density, particularly the volumetric energy density
35 (Wh/m'), of the battery.
It has recently been reported that lithium ion

secondary cells which are provided with a polyvinylidene



io fluoride sonetines forns in the presence of water and nmay deconpose
organi ¢ substances to create passivating |layers. In solvents containing a
cyclic ester, the products of deconposition readily polynerize. The
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obstructing the small chanber between the el ectrodes and Iomering t he
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enhance batteﬁg use of a protective circuit; and al so
to profi detbo ?VéﬁﬁﬂlF%@QGE%F?EﬁFeaB%V?c@% Ctransportation or mobile
devi ces, The proliferation in recent years of cell phones,

notebook computers and other portable electronic devices has
engendered a growing demand for larger capacities and higher
energy densities in the rechargeable batteries used as the
35 power supplies for such eqguipment.
Nonagueous electrolyte secondary batteries such as
high-voltage, high-energy density lithium secondary cells



and househol d el ectrical appliances which use such secondary batteries. A
second object of the invention is to provide a nethod of charging
nonaqueous el ectrol yte secondary batteries s which is capabl e of
efficiently charging such batteries at a high rate and a low loss, is
capabl e of hi gh-speed charging, and can inprove cycle |life and safety
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and a ﬂblyﬁﬁ? 6eF°eP€8 FBPﬁténh§98 QQEEEVeﬂFn§H§?g8P3|QEﬁBﬁﬁe 30
properti eschagbeteapshiticst yf shketgllbatktely. product|V|ty and over char gi ng

properties, even n C ries._are o ed t rge capacity

that is 250%the§({:% dcs?gﬁta}il%t%i?tﬁt%eaceltl%e\ﬁ t%?"%@% t(];%rrb above a

pr edet er mi abdracitexgetidng tiseobserwvey ssgr hadecddee mntenergy density
when the charged battery is held at a high temperature or a

35 decline in capacity with repeated charge/discharge cycling.



s5 exhibit an excessive rise in tenperature. W have al so conducted
extensi ve investigations to achieve the second object of the invention
mentioned above. g As a result, we have discovered that by carrying out
a specific direct-current pattern charglng met hod in which consecutive
charging patterns have different current val ues, and in particular by
setting the curren I f-qr e I 1C or
nore, the electrlcglﬁﬁﬁgﬁbl |§%e %?zﬁéﬁgqﬁgg E%ﬁlgﬁg Egkﬁgg ?eggtlon
Thi s i nprogesompesétiépygyo ttheZaﬂeeﬁrp&yter afiuchhdecpmpgfhfierf L€ ency

during chafgkggeraﬁgohatgaratnﬁggﬁ tgm§g§gtgkgsto shorten the tinme required
to fully charge the atte&ﬁq“? di tion, lo have found_that such

char gi ng breaks dp&Fadsiv Ilgé'ﬁ’ellcs %V&?thé’\?gdf dPmtleofleRéTelELer odes

and el ectrgdeg aﬁaergonaueetabehemmdaanﬁéaumpobmeiehabgegﬂvschaseetcyc|e
life. We hav Iearne% al solth B ging met hod ﬂ g suitable for
secondary 88 YOeRAGAhgPhe 5B 689n§ﬂt of a5%8pcﬂ§r 855 YPatPeristics.
Accordinglyaybhe pnes&etsunfanEBonfpth5|deecthedéohbbmwegmatétldlaoaaqueous
electrolyt ry b 94 i ect ive
eIectrode ﬁgagg 520 gék%osegg ?9 ﬁ gﬁgu%t%gﬁgécgléggﬁrg % B?§?9Ré

mat eri al ah&talbmnaeitpesynsed as thas@OOnGOBépetaVGrSﬂbt.sbﬁérageng the

posi ti yg a@iuB%ﬂﬁE'!@m@E@ﬁEEO BEms2R4 %h@oﬁéggéﬁﬁé SEGQE£Q£YEﬁd“Hh9h s

conposed of a lithiumsalt and an organic solvent; the battery being
character|Qéﬁomﬁoﬁﬁaprﬂﬁ8125SBPE@PPSP?t§°|ﬁ€P6885P8P§6V§t§HSs 8NEeESt hat

znge{/ 906850>2<l g/at :/]\Ithln sﬁlﬁéﬂﬂ:@@ﬁidﬁaﬁ@ti@igﬁfﬁ B i extes],| thel preducasgerof
to |

t K tt t I d
Oxi dat i on PREEPPORLEARR dERASLY PPOVRERAZPrt nilfy FEPRAETAG PEXERFEN o (2)
A nonaqueousvekscthel guefaeeondathebaltetyolievangiwepmaterials) ectrode and
a_negaj veopLeelbade Waieh sane 1 caamaRed 8L«Aokh! ThuigniasaLudiag and
rel easi'ng materral —afd "a bi nder polymer, at | east one Sséparator Tor
separ at i nglrWerpogi theebaftenggperformpacerodes, and a nonaqueous 35

el ectrolyte whi ClyHeh GRIFYARGLT12H 'atrRt WHLHAlH- AR, @Jlt‘i’tr %ﬂ'c‘bn%%'ih%b
battery being characteriZed in _that the electrolyte includes also_a

subst ance PRABLURFLAGSc8TE YsedopactPEdROSI AN 6hestTPAe PBEPELGL:
el ectrode afsaogelthonobfaganyaneeeotnd. boBauQ EegoyteumyCBceubstamcnin

k h I d [ ' h f
Phe |1 €hi USPPoPEasr ng TP 8aBPTB) SA4CERaBPACha PABGoLrBN SoPeastnaN ohaet
di ffers frtheskemeitali donscehddilighdemctibos tbadcdeacht ihhe hbgati ve
el ectrode. eiéEtIBEVQ%“%ﬂUQﬁgﬁuﬁEGBErthhedEEEBEG%%anﬁkbsrx OErglioﬁf (2)

above which is cha 1de e oxl dation nera
oxygen andfépcEapBofoRrygitd¥ityngndhéhug hipden 5HGI6P1éaFBGﬁt6PB§|deIn

oxi di ze a gaakltiaRQuithegk hkiBhugxAgksl avli eB1fiekes @b theanggat kye

el ectrode to_Li zO,and/ or Llégo 4) The ngnaqu ogﬁ gctrolx ﬁ secoadary
batt er§® of PP3YMEEAGE thAPc AT orh4rserePEL&dopn © eEt581¥5N8s 0PI 203
i 5 are redaoetdherengsakl strbnghipossabdidtyl ithhitutrhegng§uathebepnogatieve

el ectrode. tgg)fggﬁﬁggﬁgqg%o#gsgaggkig &g %ggondary battery of any one of
oV |

(1) to (4) aracter when charging is carried out at
25C and a currentSugth @assavEEIOGC Ieyeatd oteazblnhefqrme@'teta ddlghcgeddi ty of

the pOS't'%%l%b%%troi%ovgetﬂg E%%%d@%oﬁ%%b%‘%% QBGBEPQHS nﬁl@ﬁ?ﬂh'Ve
el ectrode deterioration_up to a charge capacit |ne
30 secondary cell (4.2 V), the electrolyte undergoes
decomposition, resulting in passivating layer formation and
gas evolution.
Moreover, when charging is continued above 4.2 V,
excessive lithium ion extraction occurs at the positive
35 electrode. This is accompanied by excessive lithium ion
insertion at the negative electrode, resulting in the

deposition of lithium metal. Also, a very unstable high



charge capacity L (% - 5x(charging current C)-'5x100. 25 (6) The
nonaqueous el ectrol yte secondary battery of any one of (1) to (5) above
which is characterized in that el ectrode oxidation occurs in a voltage
range of 1.40 to 1.60 V with respect to an AlOx reference el ectrode. 30 (7)
The nonaqueous el ectrol yte secondary battery according to any one of (1) to

(6) above ghidd) e adRGERY | g t 1 d hﬂeéﬂ%&r e Wil Had Sgwte or nore
sel ected from anong ethyl ene carbonate, t%glene carbonate, vinylene

car bonat e lid e tiRRs carbbraddit Wkre‘?lhe NI S B IPRGHED ins5 a

vol tage ranges Fverdiat@ing Slsibjedting aﬁmld %Lﬂ)ﬁé&fdﬂfﬁ chry drtbgan
el ectrode SH in the or anyﬁgﬁgévent a d nor,mal . te erature and

st andar d HeS e S r ek 95 % Hhd o1
(8) The nmfmmemnss evbhaocm ogqatea:astea:cmdl?m;gé)aamcmryt aff mﬂ;anmnrblm‘ g(a‘s)est o (7)

above whi gl*]aeécjts %"%{ﬁéf;&fg f@aéﬁaé h?el%éjbﬁasrgce da% di zed at the

positive e P He or Fore sel fronlannng conpounds of the
general f@amimeab lROGHR & Chdopatrady NRR caROWGHnadEeIoR laafl to

RR N- CO- NK leé\ftﬁ{el n each Ris independently a substituted or

unsubsti, Ktut'ed nonoval ent hydrocarbon group, each R is io independently a
hydr ogen at om or TResebB¥PbieBa BeCORS ubRETews TR neThF £FRL ng%ir Be@r bon

gr oup,joantener§y sk yptené £ %mmpuqmmplox{ 9s)e£rea AFHIEO Uish At el Yt e
secondary batter of an one, of {)é}_ g% £ Whl ch is characterized in
that the 15 nona ﬂeﬁﬁgl 8eERoPY ?@5 I}%ﬁr o8t 2HERRFYyte. (10) The
nonaqueous:ed:mmﬁesmde/d etmcomlwq rbma@womi fgomdaave odlilch bes charged
characterl t h I r e te i i he gel ati ng
an electro el!"%b%gé? |€t}1£€o€r}%%se# f%aé‘?#ﬂ%f&ééli%%%%%aﬁﬁng a 20
reactive d@c:tﬂedbmm ontedevobt age | wndemn nry agixcwes tamesind Thidg t hi um

sal t. 1611) ey ARLERLE £ eChs ViE é%%k%)bdF?éﬁ%)béHsﬂéﬂtl%bﬁﬁ&@e

above mhlc I'S c aracterlzed In that the separator has a porosity of
| east 40% (GECY L ghax@ingdnaqueous el ectrol yte secondary battery of (11)

above which is fbecagbfﬁai:gﬂdgi msthaédt be §E§ﬁ§étﬂ6nh§1|1§@ﬁ§05§|ﬂt@fi@§ IeastOI
one nateri el ected from anp ropyl ene, poly ene an
pol yest er, %:ljn%‘ HAVS ?)o?%%}r"t?ag ty +e‘é‘°sff6‘0£/ft%£e %/5 ﬁ%%a%@%%ct

el ectrol yt*eoklaa:gmdargoﬂmtamtycmfrmy civer gfng 1:|)s tcn]a:(ﬂ:lzed abovaxpvicha i s

Chara%e”efxg dfrﬁfﬁe&*\?of’c%gof 5 %gﬁrrﬁ%g? %.C po#ﬂé’é \?f#}fl?%éé)qfa?nd/ or

negative € TS conpose yur et résin having
a swel li ngb¢%1m|bea<alse@et'eh¢n nethey swktehesuta cwigtant tvaktage of swol | en

t her mopl asgh£rg£84 N @fxiéﬁ fé Qﬁﬁed%@fséﬁ)”a'%ﬂé‘&é ryd e 69 tid Bt 20C
(g) Swelling rati Wi ght in granms of thernoplastic resin

before i %F%&egﬁéé% %?%%Yr%???%ﬁgolutlon at 20C (g) -12

Yet, even when this charging method is used, the
25 passilvating layers described above form to some extent, as a
result of which the charging operation is not sufficiently
energy efficient. Moreover, a gradual deterioration in
battery performance 1s almost impossible to avoid.
The present invention was arrived at in light of these
30 circumstances. One object of the invention is both to
provide nonaqueous electrolyte secondary batteries which,
even when overcharged to a charge capacity of more than 100%
the battery capacity, maintain the cell voltage within a
given range and can thus enhance battery safety without the
35 use of a protective circuit; and also to provide power
supplies, portable devices, transportation or mobile devices,



in a range of 150 to 800. (14) A nonaqueous el ectrolyte secondary battery
conprising a positive electrode, a negative electrode, a separator disposed
bet ween the positive and negative el ectrodes, and a 5 pol yner gel

el ectrolyte; which battery is characterized in that the separator is a
porous filmor porous sheet conposed primarily of cellulose. (15) The
nonaqueous S a .
characteri%e%eﬁéﬁgﬁgéf?hgiggggéé?gr£%§£¥%H%%§$ﬁ%% ng¥§63€ﬁ§% %%F%&F§$¥and a
porosity opatterde8s~. (16) The nonaqueous el ectrol yte secondary battery of
(14) or (15) aboyegwbbeal bHjekar aet ehezedveAtibBat ikheoPpkyvraeos!
electrolyte is obtained by gelating an el ectrol yte conposition conposed
primarily %?t%QGOﬂﬁoﬁhﬁrﬂgvgn©°ﬁaqge?%§c?}9%tﬂﬁ Fe $% ﬂn%%FYFRFFég%ikﬁe

aln or galni CwhOtNEDS aaﬁaBMeieﬂ-éfﬁﬁﬂugéhvws?maxl-g);iﬁg)sidg? megﬂmb B s?]t_a

el ectrol yte, secondar atter any.one_o o} aboye ichis
characterigﬁghbﬁaﬁﬁvgﬂg ?hgo%ogpﬁﬁknbscﬂ%?%gi%r?étP%éhlige%%d?%ﬂr%¥§g’20
(A) a cel |l anél tageimprbesscybaa ©ifeVanliesabetychariyed overcldegiyegcapacity
which is 250 theqygell Ci B a Ly.sugfa enperature of
| ess than 90C whg% 8&8?%&§r§§§ ?%rgggﬁgégéiggga%%ﬁﬁx&hi%% E§V%50 t he cel
capaci ty agonrgucte@dsextghsiveohnvestpgayienspbase@dgon pher&pligwiig
nonaqugouskgb§ebagkyt e secondary batteries according to any one of (1) to
(17) above which i's characterized in that the batteries are arranged in
series and/or inThatafSel 2s( Dofted §EPVEn| dNdBOPELUERYFABLEFEFREYES bei ng
equi pped }/\éé?oﬁdaﬁyngaﬂﬂﬁﬁﬂéﬁ §{21@)ﬁt igl lﬁ.?l{li@lﬁoﬂ?ﬁl’yeb&ﬁ?&fy @@:gmpimeﬁo
any one o 0 above. nmobi | e rapsportati evi ge

char act eri 9EaTehanetng L80FRLsNeR ot aaRokathe Rt aRac PRy &Y ey
battery accelili nghéooaaychaegell §tateoi§ldycabpariedSby2ile Aektraetbdm

el ectrjcal _appl.i : erlzed bei ng | d_wi onague.

ol cot 1t vt SFCBUERTEE, SEhTahViLARTcEbm ChEORETRLEDET, 1 e ol RN
-13  (22)negativededectradgi nfha esnagacinsestienrof yidthbumntery battery

conpri si NgodcPsi t F¥guek eAL" eHe+tARIa8pBSIRILY Col! EELAPER MOLED. arLe copposed
of a lithiumoccluding and reIeaS|n8 mat eri al and a binder pol yner, at

| east one BOSipivst BierbrodepuhafPnBasheopbsttFtuBnioRBgaRi VRTRI ect r odes,
and a |ithutstablLe- haghabgriag sopmgueous el ectrol yte; the chargi ng net hod

bei ng characteri in that, when charging.is carried qut by i 0L.RY
varioJ% chargingﬁgg t &) §chrg&8ﬁ’35§€i¥Pg§aH§ §°85%P8%F 58Iﬁ§9§3(?h8
anper es, whegankczsObgfahgeandresehfirgihhini heetbéthexechbads, , wherthe ~ 0
s), in the i ge ; - -z o~ P X~
t~] -~ Pn+% ﬁ%@lélgéﬁﬁéfykgkegé?ﬁ%&é?gegﬁkPg?gag?ﬁggﬁa§§%o? e consecutive
char gi ng pgeRerasipghayéagdeuampyndi pfefiagmabiecadseoat ueoxeoyes) The

nonaqueousrgheal {obkbencem@Bdaedceabhsr ¥rebal 9badsiRg"BbheEmE] KeZbimgove
whi ch 1S ch?rgéteﬁlggd in tgat t he cui gnt val ue X" Zoi cgargln pattern
Pn[ X-, 23 "] OF s tip PREEETYe PRIRBFaPaPeF LBALS ReT EER Nt BREESSE +1 for
charging 4ignition.

Specifically, as shown in FIG. 1, when charging is
carried out to a level of about 170%, the battery voltage and
battery temperature rise sharply, ultimately leading to

30 battery rupture or ignition. For example, in a lithium ion
battery in which the positive electrode active material is
LiCo0O,, charging causes the following reaction in which Li' is
abstracted from the LiCoO, to proceed at the positive

electrode.

35
LiCoO, — 0.5Li' + Li, ,CoO, + 0.5e"



pattern Pn+l [ X",1, tnt~ ] ( wherein n in each case is an integer a 1)
satisfies the condition 0 s X~+1 < Xn 20 (24) The nonaqueous el ectrol yte
secondary battery chargi ng nethod of (22) or (23) above which is
characterized in that the current value X' for charging pattern P'[Xn, tn]
is at least 3C (0.33 hour rate) and the current value X'+1 for charging
pattern P'+1 [ X a C rral)
satisfies the COEQItF%ﬁE rLc&}W%%bﬁbEt? h? of gﬁﬁoﬁgsuggﬁgaé%ggipgﬁﬂﬁ
secondary %@%Y%F?e@hﬁﬁthgs%QQméﬂ'Gheaﬁym@Nélon(éé?hﬂém(zé)tEBove which is

characterlzﬁéof@tieai &Qﬁaéﬂf&eﬂ§7VﬁAH¢gX TRE CREE&HPO1PaLESI gnda[witht "]
is at Ieast 3Cd§ hour rateé and the so current va Uﬁﬁx +1 for charglng

pattern P'tRiX ﬁlnF 39TVinAcRRi & HOPH EBRRIGACRPRCILY (RERERFORIINT]
(26) The nﬂ@meonargéec*statybe SEcoonaryihgt ieryontingedgruetier, of (22)

b h h d h
char gi g patiering 58, SPaberbRLiACkn Bt EhalvE FBIFSFLRISHER Fron ™
nonaqueousL&Ce@} rud yimocdetl fmnaml.arb}iebamje?re/ bevemeshdriggdCae, gadd current
val ue X" atlahpgady 0%%?983§ ﬁ?xﬁ s 1]H?mﬁv89d bBchlgh Lﬂe %Bbrefé Va'“e

X~+1 for chargrng pat nn I n eachcase’i
i nteger z v¢ryshighlysoxaizihg ﬁ@ﬂaﬁheﬁmélbYe@m$b¢91%,sbbdﬁﬁﬂry battery

char ging ”EédehQSt(gﬁh @9Q§§e¥hb8fl'§uﬁgﬁé Cteﬁbfé@véﬁ thad ﬁﬂg,eeaaqueous
el ectrolyte secondary battery attains a vo | east 2°V. 7 (28) The

nonaqueous® %?ch?ﬁ??tBa§e€oﬁﬂ§Yy13§tF%Y?rﬁﬁﬁ}g?hﬁ i%dn%@%%ﬂtoPeany one of
(22) to (2regeheretvhi eb Lscebaracterized in that the charging tlne tn for
chargi ng pattern_Pn[ Xn |nt

o 8 nuenhaYs thus  EeRRo el shsaBaler divepytbatiafh SRe et nod
which is chayactersuanrbyschi&yﬁn@,aﬁorm@E1QMabg|t@kingrmhbcﬂleuumxnmlof

(22) @ (2830200vEukRi AU PALLAY $ELD:000CPBS ! ABRoSILL SRhQEEAGALDO and) or

constant -vo argi ng nonaqueous ele e secondary battery
char gi ng neihl UMMfElebchaﬂéc@@ﬂlEédlbyl@Srﬂylﬁgs§ﬁﬁdtﬁé anatheng 2o

met hod of ﬁ@dc@ﬂ@nogo(gg)tBOpfggén@bQVEunéﬁﬁ EGREYE DN OBt ol Carising in
constant-current char or constant-voltage charging. (31) A

nonaqueousn%P%%??BFﬁt81§EEBHHEF9 5%??%?9r8h€?5Fﬁﬁlﬁ%thoﬁswﬁlEﬁﬁW¥¢ of
char act eri geéséyinsengigathangi nge rrnahedfeﬁnanyh@ﬂew@én (22¢i¥eén ( 30) above

t t h s, d

char gd i sopef BEhEbCRrnnaBPar R EBncRuBOnESLYes:  Bhet eedettial onsren, .
(32) The ndwningoogerthbargbhyt tsseonadmes batebeqtnh@egomgdei¢mmbbftmmy
one of (223ybothidd, aQH&eg$PésbekstﬁQ€récég&iiéerXch&nHﬁ&cﬂé xﬂ queous

el ectrol yte 30 secondar atter risin tive electro an
negati ve eV%%?PoHBemﬁPEﬁtaﬁﬁecSﬁﬁ@%@defSECPl?ﬁi@%?i%% b%c?%@?%@daﬁﬁ

rel easi ng théenéghtang alebﬂﬂsaepﬁhMBEionatefﬁﬁéie@ﬁﬁysaﬂamﬂﬁ@rlﬁor

t t h I d d a
o1 bt 181 yUROURIBRS] £ BHBBERRSOF a5EaERRERPR NP L LoahBoan ITOAAE® h%Rnt

wher ei n t héisteverellytbatnbeadeseahsenaqueabst abheett byt ensiecogndsryxi dati on
at the posﬁék%&rféSCEBRBSSEH gfcglbo¥9L£99eeig@9§o&&? a negative
electrode, a separator made primarily of cellulose and a
polymer gel electrolyte have excellent charge/discharge
30 properties, rate capability, safety, battery productivity and
overcharging properties, even when such batteries are
overcharged to a charge capacity that is 250% the cell
capacity, the cell voltage does not climb above a
predetermined voltage and the battery surface does not
35 exhibit an excessive rise in temperature.
We have also conducted extensive lnvestigations to
achieve the second object of the invention mentioned above.



of 4.1 Vto 5. 2V, which substance provokes at the positive el ectrode an
oxidation reaction that differs fromthe lithiumrel easing reaction. (33)
The nonaqueous el ectrol yte secondary battery charging 5 nethod of any one
of (22) to (31) above which is characterized by the use of a nonaqueous
el ectrolyte secondary battery conprising a positive electrode and a
negati ve cLr i o) i 4 hi | .01 | Yok and

rel easi ngezl‘nitéerilja %\@ndc‘geglﬁ%{j%ra%%ﬁ?%l%d:‘%ﬂé%wfe%&t%%%e% ;?or for
separ at i ngsPéeipbsi divectnduneemt i pat teer t ¢laiesing ree thaorb ik ydvkeh

el ect rol Yo be e i P! UigPafng! b4t HE2R8! ha A AR Sud@niENVa1dCr i
the electrolyte 1 ncludes also”a substance that unde‘g%)es el ectrode

oxi dati on @@4tHe PRETiFULaE| REt FREHELRG Bhe FYrient alyaiRr At 4e@sk to 15
5.2 2/) 5whit ﬁﬁ? sp@ﬁ@ﬁﬁei@r@ufge@?g% hﬁ@eltpocl‘&i" trhoee £l €15d {@Lt@cw%m diﬂlzélfyy
reaction tha ers fromthe, lithiumre] easing reaction_ and enables a
educt | on TReetHHTeRety aipedrin rhit Cher o1 Tendeiitns e At 55
occur at ttiee negetgyecutibtzabilen PAc{8Y)arddetino nelgpremirsg e £ficidnde
secondary y chargi ng h 3 V. ich i

characteri é)%}di [l?{lu ¢ %?gglégd 3 éc?go Jérréx'ﬁ%l]fat% oél@g%%%ﬁ? e%wéc&y%‘edn&aenrﬂ/tor}e
carbon di okine, regdiréé bayfehlunciarge aterbali teayle ok diddl il amalwe anount

of lithiu kC r t j | &6 t5 081 Ly d/ or
Li Z(Il?;lra (%&érﬁfeogl\%%a%%gugﬁcé e%%%%?ﬁ?%aéfe%%ﬁﬁgﬁ EE)at t e\%ticrﬁgarig%%ﬁrret hod
of (34) ab®viEchhiratei Eornedaer cthe ctlleat¥otes t e e rRA®raqtiNg, are

reduced t omaBéA a1, | A8 YNPAHELST thé t Bhabyé Odfsdatde ARERd | Vere&] eatd ode.

so (36) The non queou% eLectroI 1\_/te 1iiecondaéil batter cha:rc[;j met hod of any

one of (32}2Y% t831NeH0IeSAnFRAT I ERERaCRRT SRS dBP RO v Jo‘ﬂg]r%l ng is

carried ousubtab€& Aor secondeny oéllp havikg Ote hetseve -amertiornd@or et i cal

capaciltsy o véf@h%f&%t%l\{grgéfg}:iggfcs being free of positive electrode and 35
C e”de

negati've el eCiro erroratton up to a charge capacity L defined as

foll ows: charge dgpardipglly(~the pxeshaktginyentiernpreyidesitile -16 (37)
The nonaquggyﬁo‘g_{ﬁggrol yte secondary battery chargi ng nethod of any one of
(32) to (36} above which is characterized in that el ectrode oxidation
occurs in &lVol?aRenaangeusseliegbrobyie speconfany (RaBeREY thawkngy X

rﬁf erence @ﬁigﬁ'{réOdEec{:BBble:frﬂﬂ%g@nﬂélg@@L?lﬁe e%p@ét%q/é ﬁﬂﬁﬂﬂ@rfllieéy ba_tte(r]I y.
charging net hod of apy one, o to . above i is characterjzed in
that tfe o?%%?%eéo efit %Ehb‘ﬁ‘é b%nh%?éf'é%:f%%t%%dﬁ% Y WA K

car bonat e, apd opybtnéerapbdymer, ab lVeagt come coepanatcr afur depdndting

car bonat e; er gl o d ' [ in vol anae of 1.05 to
1.61 V w tﬁﬂ\?e %%2’%‘6'*’% %{%g §?§§,Eg?% ﬁ’;%‘?‘gfg‘%ésm e%l.t?? o%eﬁ(?r% In the organic
sol vent an@lﬁﬂﬁé@lﬁ‘éﬁnﬂhlﬁbﬂaérg?m@sgﬂdogt%nhhﬂéillaﬂ ndbhedn® 3t essure

condi ti onsopgard8. 461%eAbd £Rd. B2btERy BELAGRhdPECFONBMRIEOUS @ILCtErd Y e
secondary b tterg char i ng t hod of any one of (32) to_ (38) above which is
Char acter | SLECTROLKEP RETUORS ahEe Anfuns TaneR| thabANAeTIRES0si ¢ i ve

el ectrode oxidation avreheepesieiivé releatnode chmpsd usekl ofo 1ty € arwigd

formul as 2 2 e B . B - R;
wher ei o cach KoV Kepetidbn P 2l ouger F RSP BT TORET LN | VIR AP Torbual ent
hydr ocar bodlgebupdecaghoridation redepitonichibaty differsobromtthe or a

substitut ety opiuwsHESELEYLEEd-8RBPYSL et hydrocarbon group, and X is a
di val ent organic group. (40) The nonaqueous el ectroI%te secondary battery

char gi¥g nkf hod® oRoBAGUBABS op1eabFOl Bt e 395CARERLY VPR EFETE IV EMArAct eri zed
i In t hat | t hpoSEPBvEL @legﬂﬁodepéﬁﬁsatf_{egétﬂrdﬁﬁéc?t:?ﬁ%/é &rﬂﬂdn Tatmkf]e_ nﬁnaqueous
el ectrol yte secongar a chargin od o above ich i
char act er i ‘2%‘8P?ﬁeghat¥ ?hﬁ'gég‘é’f‘a?%’g'?gcg‘g‘ﬁrg%%eﬁn%frﬁie?%%q 'B"?'l“éersjeq‘ict ed
from anongasd aebindesepopwhypl opyl aast pohy eséydratonntbpod¢matetingnd has
a porosityiRl Bbsh 25t 8R& negative electrodes, and a nonaqueous

35 electrolyte which is composed of a lithium salt and an

organic solvent; the battery being characterized in that the

electrolyte includes also a substance that undergoes

=10~



-m BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a graph show ng the

vol tage and battery tenperature during overcharging in a |ithium secondary
cell according to the prior art. 5 FIG 2 is a graph show ng the voltage
and battery tenperature during overcharging in a first nonaqueous

el ectrolyte secondary cell according to the present invention. FIG 3 is a

graph shoul g LhayolLage A0 S0 {AEHLEIDEILIe S did G PV Iy 0100 11

t he secondary ce S 1 to 3 according to the
i nvent i on wmbtage Ooammea@f vé. Ex\érrm €5 12 VI @hich subsfranse frevakes Bt

change in wpl tage; (s ”81&&9%6&‘@0&% ShAdAH 1h iFedde ity dmdde and the

I ndi vi dual cel produce anple 4 according to the inventjon. 15 FIG

5is a gra%lFPthW @?W%W$¥P@o¢%%@%r4% eaRiefi LI Gy i n
the Eatst erﬂea@eii%&F@m@lth tcﬁ'ﬂffé‘ﬂévfﬂbiﬁl'%l?@iﬁtrpﬂﬁﬂtmh ddhr@(afﬂlicﬁtﬁ)rammrdlh ng
to the invention S ng the charge capacity versus the
di schar ge PRI Y F%et%%gﬁﬁﬁYg éi%?ﬁﬁ?é%& used in 20 Exanples 7 to 9
accordi ng () t thé nvenidqusoas de Lec Cooppt et semordanplest tetyo i (A)Gory is a
graph sho the curr and_vol e ch hod used

I n Exanpl e V\Q %}%%%?dllﬁgn?ol? heh?ﬂ%/%%?]floznﬁ%?llﬁ%g }e;?igc{]a grap ow ng the
vol t age bedwai/datiom gmmaeglmgym hamid (e dcdaxb & o el de), aﬂmbrthmg to the
i nventj,on. 4 h ﬁﬁg v nges in the

18 Lald) Or SfNof MBI RIIG EIE R T <

charglng net he 1 nvention. 30 FIG. 10
is agr aphl%mwfﬁg“%hélv@%%ef%ﬁ%v@'@rth% Q‘Fﬁa%‘éﬁ‘ FIRF R U IO
Exanpl e llaggferdi.ngd,0 the invention. FIG 11 is a graph show ng the

Vol age DeRY ! Ofnb Tyt S050 9L 00 PLIBY: £ 5t CRTTRLAKLXe By ©
retenti on above sehhchyeisapharagtafriesed 500 ﬂtmtgﬂi@llrszaagd/oycLechp -18
Exanplgs 14rd Orddu8E5CLS ROciP118C L YA Afa A0 1P SHd Vix FespdP! € 8.

negative electrode.

(5) The nonaqueous electrolyte secondary battery of any one

of (1) to (4) above which is characterized by, when charging

is carried out at 25°C and a current of up to 10.00C based on

20 the theoretical capacity of the positive electrode, being
free of positive electrode and negative electrode
deterioration up to a charge capacity L defined as follows:

charge capacity L (%) = 5x(charging current C) °°x100.
25

(6) The nonaqueous electrolyte secondary battery of any one
of (1) to (5) above which is characterized in that electrode
oxidation occurs in a voltage range of 1.40 to 1.60 V with
respect to an AlQ, reference electrode.

30 (7) The nonaqueous electrolyte secondary battery according
to any one of (1) to (6) above which is characterized in that
the organic solvent is one or more selected from among
ethylene carbonate, propylene carbonate, vinylene carbonate
and diethyl carbonate; wherein electrode oxidation occurs in

35 a voltage range of 1.05 to 1.61 V, with respect to a standard
hydrogen electrode (SHE), in the organic solvent and under
normal temperature and standard atmospheric pressure
conditions of 298.15 K and 101.325 Pa.

-11-



FIG 13 is a graph showing the charging patterns in the chargi ng nethods
used in Exanples 15 and 16 according to 5 the invention and in Conparative
Exanples 9 to 11. FIG 14 is a graph showing the relationship between the
charging time and the discharge capacity in Exanples 15 and 16 according to
the invention and in Conparative Exanples 9 to 11. 10 BEST MODE FOR
CARFRY1 NG OFR) THE L NYENLLBloTaC el BUERD B | 8086885 LDO0R ERERY T ok | dnpobiun

[hbnaqueous econdar % first nonagueous
el ectrol yt@ sééén§9r97baPP@V9 vhighcdfdf @r@6t?ﬁb2¢@vé%tFBﬁtlEheas

descri bed ahp¥eandenNPRaBHCOHSoRhAEEEA! i etReC @gﬂfyv@aéwéw@@apme@h@f a
positive el ectrode and a negatlve el ectrode ich are made of a_lit

i on- occl udPhgMare PelLessPAgTREMeAMANT aREMBORH ﬂe?pr??n%?neﬁTllﬁgﬁmu ﬂ%
separator for separating the positive 20 and negative el ectrodes, and a
nonaqueousReCeeRnoRyCe—mRLcR-Ce-nnhposkd-o®-n-C®t®RuaméaRR'uﬂ@OaMRbRganic
solvent. The electrolyte includes al so a substance that undergoes oxi dation
at the poswheveisl eathoBeisnindepehdentivge sabgbitfitéddlo® to 5.2 V, which
subst ance h Xi rreaction that
differs frgégyﬁgﬁﬁF?Eegngﬁg gggPﬁg ﬁgggb?QLEBEngfﬁuﬁln%%%??gn fébattery
capaci ¥g" ébﬂepﬁaﬂéatéapéchV?rygﬁéfét@mt@rtﬁesﬂbgﬁhﬁﬁbédcgﬁaC|ty of a
nonaqueousyRkApLEQYULBASREABYALYnPAhYEFYcHPBOnt §Bokp! L 8AH XSi§0a
constant-current/constant-voltage charged at 0.2C to a specific voltage
cut-of f, tH&NaLENECARTPRRESCHFPERt di scharged at 0.2C to a specific end of
discharge yoht agre Eehaqnaanbeeleattbmyﬁaseeeénaafythauﬂérynofeémy|@nmhlch

t he p05|t|v ro i s, LiCo02.and.the ne atiyve, e

carbonaceoug ﬁgSe ? rngygdwﬁF8ﬁ1ésr8%aF £e¥5ﬁﬁ#t|z gggtcar on

materi ¥ , nheaquboageeéact@bﬂyuarﬂagacpalgmﬂg gelleledtmalivtée end of

di schar ge Yth)aQthsnganﬁ.{e %9eleE@?09§{:ga§éegn&§f‘§t?Qﬂﬁé}.yt8@ f@f' tive
el ectrode occurs at a e oxI dation
reacti on o2BAve HbipéséstﬁaﬁréctevizﬁﬁeiFaFEGtcﬁbacp?%Ym%¥ g8t battery may

not be aChéQé@@ro tbhesobbeniRaldpyi felA€1Rgr 8RCL18B8t+3kpBe Pl ace at a
vol t age above 5 the batter ture or heat uyp., A cell voltage of

4.2 to 4. 8°9mP§SbFéPBrFQHpoﬁangﬁngFFé eff %e?%%@%??@ehaYﬁﬁgoildatlon
reaction aretabeipesibuveecbentir odethei meteatla, canr gegaapacssdyvadit cindo i s
at | east 190 QEhEGﬁ E%&%d capacity. It is particularly advantageous for
this oxidation reaction to occur at a charge capacity of at |east 150. Mre
speci fical Ky1)it The peerangble edectrelubeveeesrdarvdeabhernt¢bn(id becur
in a range( Qb)laﬁgvbowﬁléﬁ Ys'éhﬁkEEtéﬁiEéét1ﬁ0tﬂQtA%ﬁ¥tééﬁ&f@ﬂ&f has a

el ectrode. | ess than 1.40 V, the electrode oxidation reaction may occur
concurrentPRFPﬁ15V BEi 8t £63Fke4PEcoOz --~ Lio, 5C00Z charging reaction, as
a resuid otlmb|cmhéhﬁoh&h&douapamebyranytéogeb@naahyeu&ﬁteﬁy dhe( i her

hand, at the reactlon may

occur prlorgggetwglgeo§5 SPséFFgaﬁiﬁéﬁdiPuBHa#egE?u ﬁpa %ﬁ t3n result in

a |l oss in chmppeedr ofbalti flgast bhe peteriad sebettedefnomi amomaterial, the
formation ta y.

St andar d hoot autde8) CRoEyHEpyREREC. pBTYSEHIRIAY B! BELPRLLEEY oMo,

i s preferaBl BOF8F1i&NeLr B8 182F8abPEn to occur within a vol tage range of

1.05 tso 1. @13\)/ w'rhla heaaqclteoht@ tgmfecﬂ:amﬁlaédsawﬁlagﬁp Eéegéfﬁde(ﬂiﬁ)oTél one
or more org Y sel ecte rom ano ene_car bo ropyl ene
car bonat e, ﬁ§9e38 gi%ﬂoﬁ Paeawaisg aFeFﬁgFaEggﬁbﬁﬁ?e nah agn $ nor mal
tenperaturbiaddrspangmed ahmbaphposttpvessbeetroddi ahadysroneg@@Bidé& K and
101. 325 Pa a h o] occur
concur rent She EhE SR8 tEaSoppB3ed pF (B ShEEhDBITa Rl BTt RRES B O30
result of hhwéngtnesw&ﬂédneapacipy as determined by the formula

Weight in grams of swollen thermoplastic resin after

24 hours immersion in electrolyte solution at 20°C (g)
Swelling ratio (%) = — x 100,
Weight in grams of thermoplastic resin before immersion

35 in electrolyte solution at 20°C (g)
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s5 may not be achieved. On the other hand, at nore than 1.61 V, the
reaction Lio,5C002 --~ Li~o,,CoQz reaction may occur prior to -20 t he
above el ectrode oxidation reaction, which can result in a loss in the
reversibility of the positive electrode active material, the formation of
an unstabl e high oxide, and runaway by the battery. 5 Follow ng the

oxi dation jeaction at thespogitgygyel ectrode, it is preferable for a
reducti on react#ongwhlch d? ?ers §r0n1the [ithiumocclusion reaction to

occur at thb4hegAtnopagheeus ogbectpobnte i 2eFeRIATYi Rk YR | LOMBILERE Gh t he

type of Sopeéiéﬁéoméé@fba@n AlnéfRr PRS 1y Lo &S] r@d@eﬁs@hﬁm type of
reduction reaction at Egatlve el ectrode. However, is referagle f or

oxygen andSaB’FP%&?%oﬁeHW%?Pd ?oP‘b%l’@%Yl%r%\‘?%d‘%?a'fh‘éea%%% 9

oxi dat ison, p&D?méf‘eg@IYGEQcﬁﬂdif’fePambﬂﬁh%@t(téiﬁytﬂs qu?airz@t%médram amount
ve el ectrode to

f lith d t ti
Ondl or 'L SHRSE tha POPAtAESE 108 Arrerut; SrDE % RErSEAnest cdmudet .
t he negatlpeimhetlyodﬁ telhelaséic lithiumand/or lithiumions by the

el ectrical ¢ ng¥h§ %SﬁﬁgHéoggegpgég%fg Sé@éﬁ?ﬁ%ﬁ”ﬁé%%é%bfbfYF 4f

reaction sys min nd car ox1 de for
el ectrode akedat ancloxilm gharachen Q\ﬂth@uth@hyﬂa%cm@t% Tc'?}%rfge

transfer, xidize is sub equent el ec ed and the
subst arfce %gf‘ﬁgﬂeﬁ 8ge%brgae e'ﬂﬂﬁc?l? n? i ROK Jr‘hye?% é)go%oe oX1 di zed, the
elefprlcal(Bocrgwhéugchhqdedu5|ég%?wforﬁaﬁgmécbﬁﬁhrﬁ E@msmmrdbfn(lmbsmrh
cyclic rea maki t.possihble to.efficie ev. in the
cel | voltagig?Y%P?vavgﬂgF# %Ee §%{?05%¥%% ﬁ%%yo ¥ igk be kept
fromrisi ngleshvolytehksebbtained UEt@elombm@ an eln@¢r¢lm¢@n account of an
L[ reversi bLenb5artion. cbhobSedhy1del1Fehy 4 AnbbEdaAdplug || cease to

function as a batter ore re secondary
batterVSofr?ﬁﬁt%ﬁQeﬂPPBhelEOEﬂa?BeHh%ImQ%Q?%hﬂ a§n39%ﬂﬁﬁ%ﬁtsQﬁV%Rﬁt%PQO 00C

based on thg ibgokshiGati¢apagity of the positive electrode, for the
battery to gﬁ fr;e of 05|t|ve eg ﬂe and ne tlve#35 elect ode
(54 &F 390

det eri or at hg ao A9rGRUE ap f?%% FHERIY A& a%%éPH%
capacity Lof 11) ba( ¢ha) gahgveuwhech 13 -chaxidEteiheed Lbydtavisg udesl as t he

posi tive e%SﬁBQQ{?gagﬁh).‘gci@kféléfés {ﬂf" éﬁa‘gfc’éﬁttﬁﬁ capacity is the

el ectri cal ~capaci respon D.5Li + + Li, SCo02 +
0.5e-.20 n the prédane cevdnvodtagehetsibssahbanwhi BhVi wherj aveschargede

positive etscareﬂsmgé BﬁbaéHPyeﬁﬁléH fQYZﬁ@%p@ﬁé'@@dﬁfcéﬁﬁﬁiﬁ?'é¥‘iE(U“ded
it is a substance undergoes el ectrode oxidatign_at cell voltage of

from4.1 to 5.2 VB H@m@@éFerWtSPEfBFéfEPQBPEaFBrGSQfoﬁ%SSrtHBPe Qubst ance
sel ect ed fwhenaovaegchappednts af chaeggecspatitprvhdicls 1S BEO the R} OR
R-CO NR R, %%g?%(g?%{, nd RRNCONRR In these fornulas, each Ris

i ndependen bstifuted or unsubstituted nonoval ent hydrocarbon group,
each R5is(18) A power supply comprising a plurality of nonaqueous

electrolyte secondary batteries according to any one of (1)
to (17) above which is characterized in that the batteries
are arranged in series and/or in parallel.
(19) A portable device characterized by being equipped with
30 a nonagqueous electrolyte secondary battery according to any
one of (1) to (17) above.
(20) A mobile or transportation device characterized by
being equipped with a nonaqueous electrolyte secondary
battery according to any one of (1) to (17) above.
35 (21) A household electrical appliance characterized by being
equipped with a nonaqueous electrolyte secondary battery
according to any one of (1) to (17) above.
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20 i ndependently a hydrogen atomor a substituted or unsubstituted

nonoval ent hydrocarbon group) and X is a dival ent organic group. The above
nonoval ent hydrocarbon groups may be ones having a |linear, branched or
cyclic construction, and 25 noreover nmay be saturated hydrocarbon groups or
unsat ur at ed hydrocarbon groups. The |inear or branched hydrocarbon groups
are preferghhy SRUHEBhEH OF UARALIKA!LhONAIACAIH A COLPEy PVddbrlad sy 10
carbons. Specific exanples inc ude net hy ethyl, 3o.n--p EE%/ i -propyl,
n-butyl, iPBEEGTY €OBRE¥Fing.-pepegitive p%:lﬂ?%m%oa%rﬂweg h‘é@(

i - hexyl, Vé]’.‘é!btr@héthlbﬁoﬂf@p@&bl}boséd pcsﬂp@nyitnﬁnws@@wduzg bamanyl

1- butenyl - met hyl - 2- propenyl -

1- met hyi - 1’"5%6%%?1 9 mghef %ﬁlﬂldl"f\c‘&in%?ﬁc?‘? e’f)Xl?I%Pf%?‘F%BO%der t he
above @ondsépanatortfos péﬁhaabhg fné pbelhwleoamdbm@ggtansJSelecbeodes hyl ,

hyl , I Et h [ I
S£ e?errgdpro Z?lﬁﬁbﬁﬁ%gg¥%5n : %ﬁjp% rt’%a? ‘5&/%% %se S‘fﬁrc‘l’alu’géegggi:r?%arkane
groups repcksrgird bgthbé beinul chXdttexivhedeim tlx@t, whem mgln@ is

i nt eger d
cycl gpe)nt Qr€§gﬁa{%exyﬁy Eﬁ@ﬁ%ﬁfﬁ?%gﬁ%ﬁfﬂ f%ilg%ﬁ%ji 5| tyI and stylyl.
Li near hydspeeibmedgbpuaSchﬁyemg valox yal kim eampérssr udhere Xan Glsp be

used. Those having the structure - ( CHZCHRO ) "- ( wherein nis 1 to 30 ,
and Rel0 s apdragehabgingt hing brbirsprerrdsy wherert etl.0 ¥k epiesdits a

di val ent h | kyl f th CHz
(wner oi n PRene 880" tol G &2 bRougsbr—t o for ‘é’%lo'“ G tuiel 6n R | s
Lhe same ap opeve. @nd Mubsrlahonddh ahnihPEcEamROYyd ﬁgpesﬁggée&w t he

above gener®t T8t erm nal oups orma cyclic
structure ehcngasgapaatenne Pl have deuwalbzt@mf:&@nm weerremst Sppkuds cX.

exanpl s of2se fhevRoaHbSLARECSLLOCkULREACEULRIRE) bk Y NaRIN 1 g acl d

esters suc acryl ate, ycC ate hoxydi yl ene

gl ycoI15rret'H%E]P9‘Iga?€ éia)né‘é’ﬂ'éﬁy%*?ét%?l%‘ér@‘l’ Z%t%c Rkt & ¢ aver age
rzmlhegul ar Mﬂiﬁﬁ@ﬁttﬁgﬂuéoxl f%&O)cha&sg w?dlpaat&te&elt Hmemacramoyh aﬁlowtaselt et and

ydr oxy acr in 0 €. no uequs electrolyte a
subst ance KLNﬁQuEI 5%{:?&% ‘BXPEI? z%‘&IrI?\n?thl‘&\%f(rat r}Eaii?(r:JF ?'\?crt g9 during
over char glﬂﬁtt&Pﬁ 9,”1 nﬁ},caé ?”?WH&rEQHSH”EH QXchhéaQé!eiEhéﬁgiﬂgeééff‘ci' on
that occurs at the positive "glectrode 25 is consumed in the electrode

oxi dati on Ieasatxbsfmesthnesubsdﬂtli:enr@tilex JRaXx.in the reaction that

rel easgs I u romthe 05|t| e ode act terial. Thergefore,
Choun gty ¢ 2 5 ™hE PRbhAGuBERs | Y EefrEHS FeldSidary TR TRy oiaRatils
nonaqueousmetkedrofyt223econlasy @h@?erv]hlsh swmmwteﬂ:EMrmvmﬁtt hi s

el ectrode pxLdahipan e@&ih@”xd'f%“x‘)‘&% Ee% @f (xhe vgrygshhghly
oxi di zi ng and thernma g unst abl e |~o redutes"thé risk of a
r unaway reh%??*én:"‘éc&ﬁr 3ngopn ¥rake baﬂ‘ér’yhelﬁuﬂh%nt @kee ohy tHeE separ at or

used in thehadbgdhgVeatesehi e [)Oona(%ue?u%wﬁéﬁéihohﬂﬁ E86RNEALY Dathgry is
not subject to any particular lim ‘tafion, although it is preferably one

havi ng?5a pbrbegey »fliatsabhsfiag-the ogonditien porosiatly <oKal ess than 40%

subst ances hi h Yy I he
positive an%l\s?\e ’g{llévgog%gﬁéégi‘de%fe%% g%é nder fhgeé%%)%g ess o§ %
cyclic redfethe HESEPYb@Hea%ﬁvéZZACE%r(:I?ﬁ | §boye which pkferable for the

porosity ten&fadtehighdasnperst btke @ﬁ@r@ﬁee@amé»w@&oeh@%&ngso | ong as
t he separat or IS cgp&bl e o{ separaE the positive and negatiyve
el ect r odesP? tern t, (0 33 hour rate)” and the

30 current value X, ,, for charging pattern P ,,[X t...] (wherein

n+l 7
n in each case is an integer = 1) is 0 A.
(26) The nonagueous electrolyte secondary battery charging
method of (22) or (23) above which is characterized in that
the current value X, for charging pattern P [X,, t,] is at

35 least 1C (1 hour rate) and the nonaqueous electrolyte
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The separator material is also not subject to any particular limtation,
although it is preferably conposed of 1o at |east one material selected

from anong cel | ul ose, pol ypropyl ene, pol yethyl ene and polyester. In this
case as well, it is preferable for the separator porosity to be at | east
60% O the above separator materials) it is especially 15 preferable to

use cel | ul L.ch b r | _stabj ki lefin resins.
Cel | ul ose %%ﬁo?%%#gvggﬁﬁ%§¥H§$%§Icé%ﬁ%??i?? %%&érég%ééﬁﬁ;{%iqﬁdg’naking it
possi bl e tatbhgbnd ahvolhagerobf atbheastil 3 o¥ €Y heand np skt akhe romreent
internal s Circugd . due, Fsgg geyof the sepMatOin Roiyhen a
separ at or ?g%i&eeo "*bzﬁﬂl oseﬁsﬂ'sl&ﬁ?aa, t%rplei?‘flg(}:{gilée?vlﬁaﬁ??est T he properties
attri but abkachocasél ikoar, integsrdesiyabd eo for the cellul ose content to be

t | t 9 % f bl t | 98 wt % and_nost. preferahly ar | east
59 weote 250Hhe oBarasbadnbets phftkrelets elhiedny oGty Shdrdine °°°
pr ef er abl ym@bhta@ 46 V2a) andveoshichefiercihyalbetriz&d N nthat the hi ckness
i thin thi heo i nei . : P ¢
can be rodighdidEaut "GubPELEEPEE, PLopRRgEPRaR o) A0 dlAZ OB RR IS
can be pregtnledst34.7h¥.separator construction is not subject to any

particul ar (bpyi t @hh0Ron250e5RY Qfegtférg{@-ééa!&sd Sﬁé%éffr'cw&réing
d ap il

mul tilayer construction Cconposed o urality of 1ayered nms or sheets.
Advant¥geofigthad efinapysendecfmbie2 bf taohidl erPPedr¥R1¢Y pkS separ at ors nade

from fiberghatagberftedSifivtRat YPRe SEhEEG M f £ Dhe 3D Fo rC hlatga $igy
pol ypropyl ene, polyethyl ene and pol yester. -24 The nonaqueous el ectrol yte

in the abopattesnrPHiet . ndnhoudwere i getinlan drtaganiar \ bdist @ty meRt Be a
l'iquid ele%géﬁhate conposed of a lithiumsalt and an organic solvent, or a
pol ymer gel "elecfrol yte obtained by gelating an 5 el ectrol yte conposition

conposed pk?fdriAynepagueeusi eheehirelyhe conpoudrr ik hke By re@¥9142d doubl e
bond ors t hge BRb&CWhEcANds 2BhAF J806 £1 584 VEPt cadPRihg L HutiNt &l ¢haByidg any
whi ch can be, used in nonagueous, el eciro secondary batieries su as
[ b um t PSEBBHaFy 2B PRSant (£ hi b | Oh sabortiary eenris en L o
sui tabl e | d¢hconssahtscuneentechatging arllyat| consbantteoltagai aharging.
r1 11 uor onbe RancaufPRaaotE BEEEFFBLORE: mebbMhith vt eery conaratpey
gener al forethed(whibbl b ¢hRtastEriz¢d Ry SGEryyNig ¢utl fhe chwrgindgonyl
et giozdﬁ)) ! &?ktgagsakt &nfT oHENGEA 25 9T Y| B287) aBSTOW $né-chiryidg Bt ¥c) (
constant-current charging and/or constant-voltage charging.
(31) A nonaqueous electrolyte secondary battery charging
method which is characterized by using a charging method of
any one of (22) to (30) above to carry out charging at preset
25 charge cycle intervals during charge/discharge cycling of the

nonaqueous electrolyte secondary battery.

(32) The nonaqueous electrolyte secondary battery charging

method of any one of (22) to (31) above which is

characterized by the use of a nonaqueous electrolyte
30 secondary battery comprising a positive electrode and a

negative electrode which are composed of a lithium

ion-occluding and releasing material and a binder polymer, at

least one separator for separating the positive and negative

electrodes, and a nonaqueous electrolyte which is composed of
35 a lithium salt and an organic solvent; wherein the

electrolyte includes also a substance that undergoes

oxidation at the positive electrode in a cell voltage range
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l'ithium acetate, lithiumtrifluoroacetate, |ithiumbenzoate, |ithium

p-tol uenesul fonate, lithiumnitrate, lithiumbromde, 25 lithiumiodi de and
lithiumtetraphenyl borate. In above fornmulas (1) and (2), Rl to R5 are each
i ndependently C1_4 perfluoroal kyl groups which may have one or two ether

| i nkages. Specific exanples of suitable sulfonyl imde lithiumso salts of

| f 1 | yd 3 i F, SO
VAN (CEARSEOS §O AT Y %%%oéf% &F %%“‘;‘%{.mﬁ%ﬁ"% ‘
C3F~S0z ) ectrpdmwxadrtmxm igpjthay & ér?m S0z ) NLi
( CzF5S02 j)iftnfd4m9802eads PE&Ec£i & 30CFZSOZ ) zNLi . Specific exanpl es of
sui tabl e sulfonyl methide Tithium 35 salts of geral fornula 2 % i ncl ude
( CF3sor ) (3#3)j The pomaapeoys sgectrolyss %‘%ﬂgf) F"g‘gsb‘"zg B, (
géggézs))zrnétﬁz&5§@2aﬁy%ne ofczggggwo)(zzdl_l ébcﬁr%ggu)ctais, (chg§0)2 )ZCE (
i z i i,
( CF3S0z )%aé?—g ‘5’85?3[ ‘gh “&F%%ci ’Z’“E“é%‘f—s %ﬁc% ‘&C‘S ( CZFSsz )
Z ( CAFQSCEe¢oﬁHargnUat;éf@OéEﬁﬁﬁﬂsin@ChrposxﬁEWe é€Xectmeoddoamd aithium
Lol T oyl O ARgAEL e, pLLOLIR IR GH R0 CoRIGEa SETST AL 8 (2) B0

sul f onyl rum sa general Tormula are preferred because
they are i banceadivding emitgehewn@gam@‘ewiehlemlya H‘N@ﬂ*ﬂ%’-‘r ymer, at

conducig Vi waeedoﬁéceébefatébefaﬁl sélsei@atiﬁg tHEE56s 1 Ov & Ol CléyLL S t S
may be used srnggﬁ or ‘as_conbi nations of_two or npre t her eof | %%e | ithium

salt conceftPatTBAeFn ERE 2| RRRAGPGPUS sBlRFTENYEe gemkseh 1nchudes 13 3
nol /L, andlptriemabhytOaddteni @r@alﬂTle: [ $o1vemt | ovheérdin htmn shédtrolyte

' b b f
Conduct ] vi tYCLAREP cRLSPoh AIBREANGOEARE  SRTerodes HHetitie (bl rston

di ssol uti oati hhehposigane cetetveode fnaap¢ehlovorkqgauramgév@ﬁtt 1 hattomy
be useg i ngl ydg %hi%ﬁe%ﬁb%%%é‘&y%b&of E‘aﬁﬁé é&%@ix&& b8t &3

cyclicand acyclic'e one C ounds nrt e conpounds
and ani de eshfPathesn. rﬁh@teohayh%e @%@ﬂe§$r@F?mcﬁh%slhiﬂ%ﬂmeﬁﬁ%¢ﬁﬁkkﬁ

Exanpl es ofegdtish! en&yehasléeraozaeaeétw&l Helgc 2o Méer@lmﬁenef@ﬁ such

as propylene car bonat e et hyl ene, carbonat e nd but
car bonat e, the wé&Fhiye- 9& %@h%gc ¢aohheR FQK3°°¥§3$% eore%%rf Bl e acyclic

carbonateselectnd&edralkyI car bonates such as di nethyl carbonate (DMC),

met hyl_ eth ar a n j 5

sui t abf% agéé?icgggr%§§§%§%%%gi%%?%g%g%%¥%y ggéé§£€%e%égﬁg% Hﬁﬁgggop onate.

Exanpl es ohethpdabfe(33¢l ¢x 633 hcyhodve whimhsl$rmhamﬁpt@IiEQdewfnh@h

1, 3- di oxol a hat es
8884 Q eétfo&h”@if@éf?&ﬁag eﬁgsp TXY 30 et%ﬂﬁglnet

|nclude trineth % ate, trieth
phosphat e, 44P¥t 9PnéPﬂthph%§$ﬁ%Pean@f?pr%%ﬁ °%H%%$ﬁ%@% ox ¢%ﬁﬁy¢ small
phosphat e, akhouhtr bf! ot RIEhWeaDheRDERt Borhs | 4t rilgd| e gaeivy | ¢ Lebosphat e,

Erggag§§lig O§£3¥e§5§h gﬁg&gh grgg;rrperfluoroethyl) phosphat e,
2-trifluor63bhox¥he, BoRaduexaphetpbbrabye osecamdary battery charging

2 et hoxy ehbeKyaLod: 3l oxpapeSHROLANLZ: eﬂgra.ffrefﬁé@'fnoéh& spid apl @

| act one conpoun 6& but act one n exa suitable nitrile
conpound |§n§é@¥ohii 3|éreAﬁeeu§ﬁ§|§00meﬁaé Fabiehéﬁmdénééﬁpohhﬁhigm

di et hyl f o1 sR81 €. the negative electrode.

30 (36) The nonaqueous electrolyte secondary battery charging
method of any one of (32) to (35) above which is
characterized by, when charging is carried out at 25°C and a
current of up to 10.00C based on the theoretical capacity of
the positive electrode, being free of positive electrode and

35 negative electrode deterioration up to a charge capacity L
defined as follows:

5x(charging current C) °°x100.

charge capacity L (%)
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I f the nonaqueous electrolyte is a polyner gel electrolyte of the type
ment i oned above, the electrolyte 5 conposition also includes, in addition
to the foregoing lithiumsalt and organic solvent, a conpound having a
reactive double bond on the nolecule) and preferably includes as well a
l'inear or branched polymeric conpound. That is, in cases where the polymer

gel electroby)e #0eORLALOGELRY dPeltiofy gcﬁe&ﬁa&f&rﬂévé@rf%mséiﬂ@n s

formed into thin f used ectrolyte in a nonaqueous

el ect r ol yteesaeandar ynpHaprer y- nE?P e t HROh YR+ rength (e.g

§b énef £ {321 nkPehd®) RO y%? @ L

shape reteaﬁaeaéteﬁlgeapﬂﬂnéhQaVéngceré@@Cé*y@aag@@I@c@@ﬂﬁ DR &h@onﬁé@@ule
is added and the i5 ound is reacted to fo %f
partlcuIarF?nﬂésPFaBréofB? £ nBO CHNBOER I RRE T hg $%a%ﬂ§v§" 5ﬁﬁq§ebond on
t he nolscukketbrbage two or nore reactive double bonds, because the
reaction o ound forns t hree-di nensi o S

making it éBBE Eﬁﬁngo?ﬁqFﬁgPﬁa%ge%€53f¥ﬁ t%%éo %%r%n§%€9é€¥a§%#% JEI"liglllty
of the el eméthbiit ef hgnobbeofiohdZhebos(2T pcabavgtehbéhthe i nvention

i ncl udes n boye: cri be u n east reactive
doubl e bongﬁa9§E¥e£F§eé 9¥|Eg§? %#ng gran%h%%l@@¥§ng??%H%O%EJE%§Q t here
can be obt ahedtad ﬁremtamoygeehhylﬁgeac¢§h¢nah@er@@@@yl%m¢n@aikwg@&#

networ&;(seﬂhyhéﬁk é&fysﬁafé aaaw@1a9h§becap$@ﬁ&%@r Whét&sn 0k 14berp@b yeric

conpound are _interl ock t he t hr ee- di nensi onal netmork tructﬁge of
t he poIyne?xieﬁﬁéﬁnb9°€PB§S¥Pnﬂaﬁ%lB?ggor?%%er%%c{r@% tRubt &1 bt Hear i ng

]tc:orrpﬁund_s rébpeagaﬁe gn_éeﬁtaﬁﬁaﬁadhyﬂr@@gmhgbécthgdel esmmpljyme_tmn thijs be
urt her I ncreas , _ad IS a es opertje aln | on CcoO al SO
Chanced "SREAREH sfhtenterRd SR0gE RoORSL L ETRSR R SORHEAMARY 3 2
not subj ecatmosphgrparpresbarel condations of| 238 +rh5i KeardahPl €325 nka ude

a0ry! 34es 399) PHICEh ShERo IO B8 by PtV cBi ey et bortl Mbfilng

acryl ate, hox ene yco acryla ytri
gl ycol netmathgfapé anm ﬁ%@h@ﬁybé? etay(28e r9eel whtehatPyl ate (average

mol ecul ar aﬁhgabteEQQeaolﬁ 8991 tﬁ@dsﬁﬁaeanéen@@y@ﬂ51§aaxﬂaiﬂ@& RETHhéC
acid group or  net acrgllc acid group on the £D$€%g g{ such as
a

met hacr yl o§PSEEE¥GafdPET Ty 8F 0P FePhyIEE N3RS n ageng
N, N- di met hgbmpbunashygfnehbagenbral afotmulascases where a sem -1 PN structure
is foryed using the conpound having one reactlve doubl e bond and the 1o

pol yneri c Foagoand d@écb begd_ g@ ,th Gefeiéaéﬂ 194 a8 g;éQErrggnpound

having at Teast two reac fve e bon on the nol ecule.

exanpl es O&haéslﬁoaaeﬂnﬁ Eévhﬂﬁeb$ﬂd9ﬁtﬂPr§ é@@&éiﬂ@té&ubfe bonds on the

nol ecul e inclu Ivin enzene, Lvi nyl sul f one, yl methacryl ate,
ethyl ene gPQEBPSHFHEFﬁéCW?PQY@leHFePﬁ?F%ﬁ%rB?QC%F°HPnn?ﬂ%kr§fa}%

E ri et hyd enﬁ?géﬁéﬁbeﬂtw':] Haﬁgggagen aebmebhyae@cl;bgtily'a@tedl o®t hacryl ate
average ml ec [ i ght utyl.ene 0

Gt et haor yPagaBe 1 siELd hon syt aR s pyaRd e HRdBENToTaLE de 2
d|nethacrydaVelepbl9pgapybegeogpycol dlnethacrylate (average nol ecul ar
wei ght, QXO%Z @Mﬁr95¥a uéogbngig ¥i§§¥p§88@ﬂ§ary battery charging

2, 2-bi s[ 4( et hacryl oxyet
2, 2- bi s[ 4- mﬁﬁbﬁéc9§|enye9nex9fdxé hoE?) hehyappyepuatch is

30 characterized in that the separator has a porosity of at
least 40%.
(41) The nonaqueous electrolyte secondary battery charging
method of (40) above which is characterized in that the
separator is composed of at least one selected from among

35 cellulose, polypropylene, polyethylene and polyester, and has
a porosity of at least 60%.
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25 2, 2- bi s[ 4- (et hacryl oxyet hoxy- pol yet hoxy) phenyl | propane, ethyl ene gl ycol
di acryl ate, diethylene glycol diacrylate, triethylene glycol diacrylate,
pol yet hyl ene gl ycol diacrylate (average nol ecul ar weight, 200 to 1, 000),
1, 3-butyl ene glycol diacrylate) 1,6-hexanedi ol diacrylate, neopentyl glycol
30 diacryl ate, polypropylene glycol diacrylate (average nol ecul ar wei ght,

400), 2-hydroxy-1, 3-di acgygh@¥yBESBRTBTION OF THE DRAWINGS
2, 2- bi s[ 4- (acryl oxyet hox
2, 2-bi s[ 4- (acryl &lpet Roxp- @ ﬁpﬁ@ﬁyg]ﬁh@pgﬁétage and battery

2, 2- bi s[ 4- eéﬁkaaxﬁgéheﬁxiﬁelMeébeﬁaigbﬁgyihpaomﬁaﬁiu§5séeb5359yleépiopane
trlacrylate rimeth ¥ﬂ Fgropane trimethacryl ate, tetranethyl ol net hane
y

trlacrylatéccPEFFBHE PnBthaRedFEtraacryl ate, water-sol ubl e urethane -28

diacrylate, matemisplubh@ %r@&h@hEs@bWtha¢h£|&b&tabbi%hd|©dtté&9

di et hanol acry a%e hédr enat ed opentadhgne dlacrﬁlate pol yest er
BESt r

c
dlacrylatetﬁﬂa HEPHSEF FﬁgénQSlEIa TSFoPRABREFOHEG reacti ve
doubl e bondlbearbmgteospoundaryespémlabbyrpiabetoeﬂheegrbseatnmnvﬁatson

| ude th I I kyl. i I f I
el the polVeial ylens YENSALARY LAS GpEstece b asaecal for e
conponent - bempengtubaoduréngobvgtnbanging ior iheaseapndarpwcehlisa triester
| "ecaepdatucks ShRexOnBeb 1| cbl 2HRESCr 8 0 HUEHROL KoL RERCHOMa Oue-Cr
(3) R OR 0o HZC=C- G O ( A (CH2CHO)B R11 (4) In fornmula (3
Re are eacﬁ°WBE§BEHH@nFF?malﬂyHrogen atom or an al kyl group haV|ng 1to 6

carbons, and pretqcabuylk hOg%a@hrEQBW¢n§UQhea&haabbyhn eohthgendorapy ., 15

LoonoPY L, BoB¥ilngb BHbtbuns BR' thaSke BN hoatld o2t Zg LRSS,

nost prefecably pebhybedelhyExampmeopyhccorpingyto bheéuiytentibntyl,
s-buty], or t-but r ch_i e 20
hydrog%n aton1or¥én aIkyI %yg%a$ﬁésh§§1&8 gg% En gﬁ%ﬁgge?§%¥?§1 t
4 car bons, centhnugugecharginghyn, thepb@pyerY|mpdbb9lanﬁ bheyind1Vbéu91

s- butyl OrcélmﬁtﬁkodﬁegdAiﬁnﬁxgﬂgﬁé'§f¥cEB§d§H§dtB'QHeAiﬁvén@ﬂgnB Z or
the condition A are nost pref erabl¥yneth |, ethyl,

2s n-propyl, i-pFefyl & Asbaét graph SHPVanstBGtﬁpaEHetCBBP?F AVBFéPérred
gxanpgebofthggdmegnaugé Gﬁpabﬂt? iﬁrﬁuéachBiglﬁgOmet?ﬂdﬂhu§édxinSd9 Y hs
an ot n er e of the,cogpoun above
or mi 20 (4ExREDIAE 7atind  AeaordiBE oFSorEe EH Rt Lo, and ot “RRRRteRYE ar o
CH3 . -29 Exampleéesi éster6i.s preferably trinethylol propane trinmethacryl ate.
FIG. 7 is a graph showing the current and voltage

changes in the charging method used in Example 10 according
to the invention.
25 FIG. 8 1s a graph showing the voltage behavior in the
charging method used 1in Example 10 according to the i1nvention.
FIG. 9 is a graph showing the current and voltage
changes in the charging method used in Example 11 according
to the invention.
30 FIG. 10 is a graph showing the voltage behavior in the
charging method used in Example 11 according to the invention.
FIG. 11 is a graph showing the voltage behavior in the
charging method used in Comparative Example 7 according to
the invention.
35 FIG. 12 is a graph showing the percent retention of
discharge capacity after 500 charge/discharge cycles in
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The above-descri bed pol yoxyal kyl ene conponent - beari ng di ester and

pol yoxyal kyl ene conponent - beari ng nonoester, in 5 adm xture with the
lithiumsalt, the organic solvent and) if necessary, a polymneric conpound,
are exposed to a suitable formof radiation (e. g., W light, electron
beans, x-rays, gama rays, nicromaves radi o-frequency radiation), and
heated to hr ge t wQr t r i opsem -1 PN-type
t hr ee- dlﬂE%g§@h Ec?gsgﬁlnke hiﬂg r§%§U?§9£#%§o§eaﬂglge proportions
of the aboG@mﬁégetnMedEpémyéﬁy&LkyIene conponent - bearing diester, the

pol yoxyal kyl ene %Q@poﬁ%”&sb%abkgﬂhngﬂgﬁih%rtﬁ@dchﬁ%gﬁhbe§h%Ee%h% gat as
appropriate for the |length of the oxyal k X%ene onents _and are not

subj ect tothﬁycbéFEFEEIEPtFPﬁFtHFPGninAFHPEE #/ tondRdt &P ABFAFALRF; 5O of

g 3 tigi agd Eﬁﬁéﬁt?FhYaﬁd31h0Cém§araﬂﬂ¥é Ekgﬁ Eéétgiest@g.nFla{ r?tio of
o] , and especially 3 re preferr I, nprove ctrolyte
strength. 20 The%IFne& ar Brgﬁéﬁgds SiREr £ cﬁﬁﬂgﬁ §§é8 g&g&?ﬁgr with

the above- drecthhedingnpomadahaving umecnargereapaathVEndEuhhplbsnns to

forma se LPN_stru e i p Lectr . hot i to
oy par 1 cBRdr 2 ArFartsho B BaoteYRRcAgE sfacE)’ Sonbaratiip.oRashtss
pol ysaccha®i te ﬂérlvatlve, (b) an oxyal kyl ene branched pol yvi nyl al cohol
derivaij ve, (c) a polyglycidol derivative, or (d) a cyano-substituted
nonoval ent hydrocarbo%:orou- bear|no pol VIQ¥| al cohol derlyatlve IS
preferred. Exanples & AR Al NGy | Oy | A o [e280 derivatives
(a) include (1) bm@rqmwehhubnquyaaeehabedemoeetaungg bylogact i ng et hyl ene
oxi de mnth ésacch E i raI g g EECh ag cel lul ose, starch or
pul | ul an, ?89§p Gree Yg Eﬁ%? BEEEREdl by reacting propyl ene
oxi de mﬁth such ﬂhbyfamehambdequeand eahcdkbﬁgmexypcopﬁhrSSbamkprgccharides
bt al nafl PYcEERRLAR0LE! YRETohyBh RN 8t 0ol AaBLaPRREdLBLy M ] Such

es. me gse

pol ysacchari foxyl gr oups on ydr oxyal kyl
-30 poIyBQBQQerdese&aytbelzappedcqndhrsubetteuﬁncgmphsedghfegter or

et her 'i”k?9§§tlJQeeiQ8¥§o§SSSﬁ&béanMQE9%¥aéi¥£t98&¥5@ﬁ58ﬁrbQSSmQé¥eo§

nmol ar substitution of , preferab a npl ar
substituti8nldthig8sipRaAcolugipgsand. H?%%BF%PﬂgmaBPF??} grdi febinder

EﬁlyfﬁthapbdymenK gec9?35500?emsapﬁfatgakforisupaﬂ?gﬂhbetﬁerpusﬁtive
a ene_nranc ol yvi al cono errvatlves se as
Che ooty mornd ABAEIHR piErEYRaRsr v Ao & DBV RRhESTR Bl FERTREE, Vet he
nol ecul e pbéyeompbseaficofioa mmthsumfsgbheaad anronganis) sbtvent . whThé have
an averageg gs§£581§£ep9h¥maagéa%199 ? s&%sf&&ﬁ ﬁﬂ?t ?éP%$Q§Ch Sonme or

(0} uni

all of the i I oX roups on t Vi n re substituted
Wi th oxyal R¥ @ﬁelﬁéaﬂtng greggsthae|ﬁéeahra@eragealeehé|a@lgesetr@ugeon of

at least OpB.4.1 V to 5.2 V, which substance provokes at the positive
25 electrode an oxidation reaction that differs from the

lithium-releasing reaction.

In the invention, "battery capacity" (or "rated
capacity") refers to the discharge capacity of a nonaqueous
electrolyte secondary battery when the battery is

30 constant-current/constant-voltage charged at 0.2C to a
specific voltage cut-off, then is constant-current discharged
at 0.2C to a specific end of discharge voltage. For example,
in the case of a lithium ion cell in which the positive
electrode is LiCoO, and the negative electrode is a

35 carbonaceous material prepared from a readily graphitizable
carbon material, the voltage cut-off during charging is 4.2 V
and the end of discharge voltage is 2.7 V.
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-(CHz CH)n (5) OHIn formula (5), the letter nis preferably from20 to
10, 000. Because this type of polyneric conpound has a hi gh oxyal kyl ene
fraction, it has the ability to dissolve a |large 20 anmount of salt. In
addi tion, the nolecule contains many oxyal kyl ene segnents which permt the
novenent of ions, resulting in a high ion nobility. This type of polyneric

compound, | = LMuseRapshlfsdt ofXhLRELIA getAp bORIEIGANANBLLYPRK. b eover.

because these polyneric compounds ve a t ackl ness act as a

bi nder conpesers ahda seellapabiagefof 4 m yteohd? N- t hef pdke texEdakien
negative eleglf NEleSoc&XREPAES1O8s PAAMIBL] £ ¢OMpdINelstod Sbpyeifpreata (5)

i nclude [1]. polyneric conpounds obtajned by reactin a SO onV|nyI alcohol

uni t - cont atB® MR b THePRE ROhRRIMRCIHEFEEn %7 rie Qucht ot
et lhyl teﬁeI Oﬁeaetimoo?tkeﬂepmel%elragtm@@é &w%v? 5. zinhydtmypwpyf,ﬁt le;i
ol ye ene Vi al co ene_o. ifie vin | coho
o’ T21” palswer TRt wEh it bty neh 51+ ST TaSe ohofyhetd X thpotind 31
havi ng pol pwefgrtredcohol units mnth a ponoxyaIkerne conpound havi ng
o Do o OSYERBACH ¥Sraubahe: yeRLaeothLS, HhE BRLuktTxh pgabebn
I'ch has™a

uni t - bearing polyneric co fc'co
nunber - aveatigeh& M@@i‘ebve)febm‘wmd¢ zarises oﬁt aa q:lg@sge 208pa¢ Bt ¥ rwlibl gh at

| east 30, pnd,@Ofe, etgél@bé% o | £26dd Capdbl faf%pf%]yffélwiC@i

units on the nol ecul e ome or ail o dr ox groups on
t he pol yV|@"F§/Ya%'F%%%‘PS ube¥ stk %’Eﬂfﬁ'ﬁ%‘ﬂ‘t e’éle%‘ﬂplbx%lck‘fﬁ‘éﬁea d?ﬂt%@i“’t‘ﬁ%
groups. Fogapdeltpker 18t ofehandised|lity, the upper l[imt in the

mber - d f | ' ' f bl
Chan 2, 000, - nor cHAFE! SPRERS MR hor b RAnPEOBS aRiSnERE DRBr GPAEPY not morc

than 200. électrodstoyiddetabl o f@mcmmelmbmvmm@somf bkddd St@ol yao riyl

al cohaql 0 i o] nber-.aver.ag gree of
pol ymceirl zgﬁ olﬁe’gmé%ﬁtg%etﬁ%ng%o%le&‘r a@r%%%'}%ngz% %q'\é%tg‘oﬁ%no ot \%ﬁt %h ich the
fraction of. p@;l\}/wﬂw eleehmd@mxtdatmmermetm anay mcuea@n@srm’%

However, th vi nyl cohol t - bear] ric .20 conpound i s not
limited to' fﬂg %\% i/ ]én{f’ngk} bf;ﬂ(‘) %? WA tf?‘P ‘R % rrm P9 FERS, é‘oa‘eglaée of
pol yneri zad i eswi € htbfl whteclabtive ravgd canshaobty méymsnat pod yadchyéved cohon
fraction of preferably at |east 60 m)I(;/% and nore preferably at |east 70

mol % |11 ushe R ERer hampt eat dgroxgicHadbnbothdd: tHR Trys499:25” Uska.sFREE ude

pol yvizay! FO4&Bd Sn iMaphd&bus OpRLOF £d ey divye élIé'&ltPﬁo&é\ ébeapel oy nyl
al cohol have been coqbfrted to formal, nodjfied vin alcohﬁ%ﬁwln whi ch

some of tHECHSHH Ay | it FupeB el hotyd myPsal € hf \ée ffed to
al kyl s, pothyetiysttevei @yécat@wwet)iv@aﬁataﬂal sanwnﬁﬂﬁhppduywrty&n 30

acet at es, r I ynmeri c conmpound is
one in Whl éi%%énit;eeo?{@? (E A%d OX@V?A%Q%E S ong]'%‘?t gxg%ove-descri bed

pol yvi nyl aIcohoWhanlasSaaedsuﬁshYdUOQGHMPlh0bR9éekysﬂﬂé tsnuse@i ng groups

havi ngsan AYSEEEE 40! Ble Sf@ﬁéfér%é 0”119f1§t f@ééfa@lé £or (EDESEVEde SOME Of

the hydrogen atons on these ox kyl ene roup may be substituted with
hydr oxyl ¢?%tiR10mr &9 PGBy W thln a voltage range of 1.05 to 1.61 V

with respect to the standard hydrogen electrode (SHE) in one
or more organic solvent selected from among ethylene
carbonate, propylene carbonate, vinylene carbonate and
30 diethyl carbonate, and under normal temperature and standard
atmospheric pressure conditions of 298.15 K and 101.325 Pa.
At less than 1.05 V, the electrode oxidation reaction

may occur concurrent with or prior to the LiCoO, — Li, ,CoO,
charging reaction, as a result of which the rated capacity
35 may not be achieved. On the other hand, at more than 1.61 V,

the reaction Li, ,CoO, — Li, ,Co0, reaction may occur prior to
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-32 at least 30 nold, and nost preferably at |east 50 nold, of the

hydr oxyl groups are substituted in this way. The above-nenti oned

pol ygl yci dol derivative (c) contains units of fornmula (6) (referred to
herei nafter as "A 5 units") CH20H -CH2CHO (6) and units of fornula (7)
(referred to hereinafter as "B units") OH -CHZCHCHZO (7) . 1o The ends of

t he nol ecular | n d_wi clil st t T yglyci do
can be pre%ﬁ?eéggyepgigﬁgggggnaﬂgbggigglk%éggigﬁro$%¥§ﬂ2§%Po%§ﬁ§§#o?# 4

al though iloss fgenthel rgvpreibidbty 06 therpositipel ¢hectrafieoactiven i 5

gl yci dol .startipog b d_ysj Si a t a Lew s

aci d cata?@%%gg+%%'tg#§|fﬁgﬁgé?géfgﬁ %ﬁdhﬂgﬁﬁP?g %%gghéﬁgﬁﬁyg?§gidol

mol ecul e i suRawaEabY the, bpttes¥ably at | east six, and nost preferably at

| east tgen. Ther e plo3 10 1R@ tiheU st ddRRSn He%b&io%oa%|&hgugbshkib% general |y
preferable that the total nunber of such units _not exceed about 10,000. The
overal | nufb&8Ptepdenedt iL8sBEefeFablfi ferndyTreauctionsTsaptopRi Wt Based on

such consi defaeirensram the Lhiewipmopecliussonndestsioni ty obequrrat ohet he
pol ygl yci dol . _The raﬁio of Aunits to B 2s units in the nol ecul e, expressed
as A B, i|sPGPPRLNCa®rEHEECSP-1/9 to 9/1, and preferably 3/7 to 7/3. The
order in which thNe faxtdcBlam flimdgaddon dsndmposgd an. thAey typebiofiati on i s

i b) e. | yveidal | hy L ' t
Do oh AL, PaEaRELY ¥pafelohin; g KOLEXL 80 SLLERbAE UL LR LIo o
chr omat ogr apAYCtBPT) rearthpn atr thgenegapivecedpryroade.t oHPREVEDO, ikpie
preferab'YF%QQeEQbiQOfQQOOX?QQnn9ﬁ3“8$3carﬁéﬁféiéﬂi&eGQQ b8 ¢EnlPRtedhe

average nol ecul ar weight _ratio_( Mv is preferably 1.1 to 20, and nost

pref er abl yPY. theoabpveTréeetpsAgnpridatbAfouRBE th§ PEYEER ARY/BE 5
Pydr?Xyg'Ca&gBdnfﬂgwﬁEEedebiMﬂlﬁ!@é tneMB?ﬁmlsa?BuﬁF 6illiaﬂﬂuﬁrﬁéﬁ?ﬁbly at
eas e roxy roups, on ecule a a Wi one

or nnréstggéangﬁﬁng95W§ﬁt°§ukggiFﬁgﬁFlgglEi?ggr?$8n$3n%§éfﬁﬁﬁgggﬁ at ons,
substi t ut etiglOunankdsffiorutbd Dhp@vahdnor hyiCogatbobe gedbeptrbdei ngdiced 10
1o carbons | ' St i u | ed
nnnovalentaﬁ;%é%%é?g%gggéoé%Q§Fféa?g%ﬁohéggégﬁg }i?HEF@3§ﬁ§y8?ogggh%§%erei
Rlz is as #eppnbd thevelectmihrpd gneugy, subriiedi dvrgpgupbazngdng.

phosphor us-cont aigyl G taHA4RHinkd al Idykdticatlewe tevanBe% e 1hNgn3ehsthkut ed
or 20 oxygen and carbon dioxide formed by electrode oxidation
oxidize lithium without any accompanying charge transfer, the
oxldized lithium is subsequently electrode reduced and the
substance formed by electrode reduction is again electrode
oxidized, the electrical energy supplied during overcharging
25 1is consumed in these cyclic reactions, making it possible to
efficiently prevent a rise in the cell voltage.

Yet, even if the cell voltage during overcharging can
be kept from rising, should the electrode deteriorate at this
time on account of an irreversible reaction, it is very

30 1likely that the battery will cease to function as a battery.
It is therefore preferable, when the secondary battery of the
invention is charged at 25°C and at a current of up to 10.00C
based on the theoretical capacity of the positive electrode,
for the battery to be free of positive electrode and negative

35 electrode deterioration up to a charge capacity L defined as

follows:
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unsubsti tuted nonoval ent hydrocarbon groups having 1 to 10 carbons include
al kyl groups such as nethyl, ethyl, propyl, isopropyl, t-butyl and pentyl,
aryl groups such as phenyl and tolyl, aral kyl groups such as benzyl,

al kenyl groups such as 20 vinyl, and any of the foregoing in which sone or
all of the hydrogen atons have been substituted with hal ogen atons, cyano

more of these LYPRISCPIBRERRE ﬂm@@@"“pSéaéﬁ‘%gé’%‘ﬁgB%ﬂél?%‘ﬁt”ﬁi‘é?%}@b o oups

on t he above pol ounds ).to Wi i gh stltuents
i ncreases the po%greept yl gﬁp %%u%séﬁeaﬁigigee ?#‘:P N %%??P o?yrrer
mat ri x, thmatenkahg thepbhebbeelcalpcepeqityhésdéhe|aéecnrcoaﬂucapaciyy
whi ch read i i low 30 dielectric constant polyner matrix due to
t he reéﬁnb?%% £g8ﬁ§i§§528C|ated cations and counter ions (anions).
Moreover, when cappi ng liaigne—ssi mgssibst Liygave, thad. feive fire-retardi ng
and hydr ophobi c properties, the polyneric conpound can be inparted with
desi rabl e char actlar ithei presenth i3vyeatilndr dpeolbsubisttpnaed whilch het ar dance.
To increas elLec C t I ri ound a) to
(c), the o§§%§gyggnégckéén gg??@@ eg%§gg§¥§ ?§4Mggc%§335§859§a§n§o (c) are
reacteUJmﬁphraiﬂyﬂaﬁx&lméactnoe Dbﬁﬁbdﬁd tb 48 eosuvbptaneenhybdioRyl groups

on these thﬁQﬁngSCQﬂBQHEQ&e“b&EdHtQBhyaEOEaée§Mb§BhEHSQt8f A-bRoygR the
hi ghly polar substituents used for th 5 purpose are not subject to any

particul ar Plﬁr?aYronHOW@HFFall§u5§tPfﬁﬁﬁfébéﬁetﬁrﬂﬁﬁrBBPe°F0mPBﬁ|c
substltuengﬁbsEaﬁaalaéyeauéatftumnamonQCbuﬂpoﬁubstbEUtﬁd geflegasubst i t ut ed
nonoval ent h¥ Ecarbon groups of 1 to 10 carbons, and R1~CO- groups
(wherein RFPPRLEE gefined above). If necessary, capping my lo al so be
carriex out mnth ot her suitable substituents, such as am no groups or

al kyl am noRg€QuRs. RT60eOR{ eR- GO NRER|, cROoGPoXind8-0RB) and REBJNwCOhNR'R.

hydr ophobi ¢ properties and fire retardance, the hydroxyl groups on the
above pol yker thegenfoumuiamayepehcBppedinfdenendsnt sy axaupstlitubedgen

at ons, R'Zéﬁ%ubgfQHﬁﬁeQWRSﬁsbalﬁ%% h§d§éc9§6bﬂegréﬁg¥eéaeﬁ R' is
phosphorus cont ai ni ng_grou es of suita Z3Si - groups include

t hose $h thGﬁPF&QePngeéeﬁY@rPﬂ%nsaﬁﬁmsaﬁs?|FHP%HiBPtﬁﬁsﬂﬁstltuted
nmonoval entuhydbeeattieadognonpsabantngydrboatbonagboap, and Loipreferably 1

to 6 carbo referably stands for al kyl groups.
Tri al kyl si géogpgrsgﬂga §g8EPa||y trimethylsilyl groups, are preferred.

Addi ti onal exanpmbs gboyei mabbyadebst hydenocarbool gdeupsi maygbeupses
a'ky'a”‘”OhQGQHBS aﬂﬁﬂQQﬁSpﬂgéHéhganbf'8&89135c8ﬁ9E9 ctighe Qﬁ&port'on of

end groups capped wt ove substituents Is at

pr ef erdh| yNAFEPEGE MY HBI§9tﬁﬁﬂtﬁﬁsPY6F@F§FB%Pygﬁ?uPEaQF Qﬁsﬂﬁp@ét¢@ is
even p035|bygrbga§gansgb§ﬁ§gt|aIIy all the end groups with the above so
substituents, esentin

g %g é g of agout 100 nmol % The
above- nentloned &no866 tPFu 6y AYEROAY BPYC §FBER Sy RS Bp- bear i ng
pol yvi nyl pteﬁénhbﬂgrsaauratead¢rlenpaeﬁeaabﬂyhpdpobanbohcgnoupsundvﬂhgch

o ot oV eE88, §6068Fuhe D0 KBECIERE QRafb18L 1R8FhaEOnoPRYED BERVE O, 1

nol ecul e s5 pol yvi ny coho un| enera for ahd in
whi ch %bnenorPEPPYéf %hErﬁpﬂlaxyrbgﬁﬁhpsiohutﬁb pbtputwyl nspentyl,

i-pentyl, neo-pentyl, n-hexyl, i-hexyl, vinyl, allyl,
isopropenyl, l-propenyl, 3-butenyl, 2-butenyl, 1l-butenyl,
l1-methyl-2-propenyl, l-methyl-2-propenyl and
l-methyl-l1l-propenyl. To readily incur electrode oxidation

35 under the above conditlons, it is preferable for the
hydrocarbon groups to be methyl, ethyl, n-propyl or 1-propyl.
Ethyl and i-propyl groups are especially preferred.

Cyclic hydrocarbon groups that may be used include

cycloalkane groups represented by the formula CH,, (where n
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al cohol units are substituted with cyano-substituted nonoval ent hydrocarbon
groups. Because this polyneric conpound has relatively short side chains,
the viscosity of the electrolyte can be held to 5 a | ow | evel. Exanpl es of
such pol ymer conpounds i nclude polyvinyl alcohols in which some or all of

t he hydroxyl groups have been substituted with cyano substituted nonoval ent
hydrocarbon gro uch as

1 b I
Cyanoet hyl = §u%s?$§h€%ﬁepb?§%¥ ?e %0%5?¥$ e%%%Fﬁoéﬁbg?g %?ﬁ%%négzause
t he side cﬂpmmsfameethplesvhncbuéekapmbopenbmﬁs ocpylokexgkbd phesybstitute

t he hydro yg¥ g%f%gf t98m88§¥ gﬂ¥% @%%ggggr§{§f%fyano-substituped

nmonoval ent n' gr oups: [ower the resistance at
the interface belidwenart hgdposerbes gandupsgheviadebacrryddkyaantet hereby

enhancg th@tfﬁu?{afé deéﬁhaigs 5Y¥ChEed! opﬁﬁ&g@shaaﬂggteh@ngafﬁ@tw@ ability
of the elect te to wet the separator, the nonagﬂeous el ectrolyte may

have added- € Pboém'e Orhexp it B lva‘if‘?cﬁ% HMpRrinds, hYREPgerngT
polyinideane@@&yﬁcsfal@sp@@iaﬁiyyb@@ﬁeﬁﬁéaldes pol yal kyl ene oxi des,
cellul ose esters V|n al c 80 benzoi m dazol es
polybenzothlazol§s Fﬁegﬁﬁ 5&8?36“ ﬂ%ﬁaﬁ&gt§F8upacFVFPca§cF8
nethacryl|alh¥ldnepgfgephef ﬂhdlfbﬁdukalekehgﬁ pehgeehnul mneésoki des3025

am de ,conpounds nge coopopnds, . phogpharic agid ¢onpoypds, and flugri nated
Soqnffe ey ERRCEAER 8 CRERI £ (BBLFRTRCH 8

noni oni'c sUFf €se, uori nonioni ¢ surractants
is preferrabovdheapdsintigeletecd8®bde i n the nonaqueous el ectrol yte

secondary batterXnOEhEhéohB¥Eﬂhb°Eegﬁﬁsgﬁtgﬁeb§h%he'§b§9ep§8ﬁ898§ by

coating one or both sjdes 0 ositive el ectrode current collector with a
positive efeEfnbae. bF%GeFWEOHﬁEQ%??%nRc%ﬁﬁ%@%dm%YlHﬂ?@l§°o$°5mb?nﬁ¥?lic

pol yner anﬂtﬁu@@@rély@cﬁl@@taosjsca@ﬁeyematﬂaeabr rhteamastvetyurd. positive
el ectraode bi nder conggiltlon 3 nEo§§ 8 imaril é gf a blndeé aolyner and
a positi ve el ect PBRETELE GE2MR 8F|8 § BROYE FUBSLABCEFeABEY W UPhen

ext ruded aacayiiénacndfornmatpmsrylﬂe atkdt estlers- 86ch ahegbyoﬂeylpolyner

may be any, Doy 1&@Qab§f 8 £ 08914869 hOrhOgyRIEBEPIeARPLI AL ONS.  For
EF% oF ?ﬁ r Mop las€ b4 ﬁg g

exanpl e, use na I'c resin VI ng ling
ratio, as mﬁ#hmeﬁybqteh@ndomﬁthgxhe¢bmethml@n¢aggrcgl MGUh@QrIQEm@ (II) a

fl uoropoly ef@ééfm@iecaiaﬁ ﬁQﬂ@hEatb@@ 26 i“@o@; NRE Ew@Pl YART S of types
(1) and The above thernoplastic resin (I) has a smelllngiratlo to 15

as deﬁ@rnﬂﬁéﬁh$?ﬁm+?xé }9PRYRRAT A 0RR At 2P BEF GG Rl Re thaghytliefagh
800% pref erabl yBg58a8an508% tﬁednﬁﬁ&ﬁuabﬁbeE&bbl‘.rBiQtéOa4QG%st8neb| [ ng

st o0, TS SRR S NRLL A AP ERIBPLES A€ LeLiatigge 2t hovrs

during overcharging, the electrical energy consumed by the
overcharging reaction that occurs at the positive electrode

25 1s consumed in the electrode oxidation reaction on the
substance rather than in the reaction that releases lithium
from the positive electrode active material. Therefore, as
shown in FIG. 2, a rise in cell voltage during overcharging
of the nonagqueous electrolyte secondary battery is suppressed.

30 Moreover, this electrode oxidation reaction discourages
formation of the very highly oxidizing and thermally unstable
Li, ,Co0, and reduces the risk of a runaway reaction occurring
in the battery.

In the invention, the separator used in the

35 above-described nonaqueous electrolyte secondary battery is
not subject to any particular limitation, although it is
preferably one having a porosity of at least 40%.
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x 100 , Weight in grans of thernoplastic resin before imersion in

el ectrolyte solution at 20C (g) The thernoplastic resin is preferably a
t her nopl asti c pol yuret hane resin obtained by reacting a pol yol conpound
wi th a pol yi socyanate conpound and an optional chain extender. Suitable
t her nopl astic polyurethane resins include not only polyurethane resins

havi ng ur et hane nkages, t al_s ol yur et e-urea.,resins h |ng oth
ur et hane Iinkageé%aﬂd 8F8§1 Vn?gg SgsTﬁgaBopg I EBﬁﬁBBHSeFSWﬁ ?Eraﬁﬁy a
pol yester e@bégtirolPbe aapel yrabke polyevdefrpelyobetween! yestpositive

ol ycar bon | I [IRY ergo The
ol voi - conpbitadblre ne bRt £408S, A AR B8y 1B nafh P SRV EFRbAERE 000
to 5,000 cycliosteapceiensbiigsdribédt abgy€00. A¢cpndymglzonpbuhd havi ng t oo
smal | e e e I a

properti egp o%ﬁp]héeb?%sﬁﬁ@? 2 ﬁg#ér’r%lﬁgﬁlgzﬁ%o ullrlg%i\ﬁa% hﬁeglg%ﬁ igl man%u h as
t he heat r%%P%@bﬁbbYa@@%t@ﬁsm@éeel@%gb?ﬂ%nas ¢ heepaRetoRakhe, capabler ge a

number - aVe&@Q@eﬂ@%@ﬁﬂﬁértM§lﬂ@&ltﬂﬁée@ﬁésnéQEtYVéCQEééﬂr&&ééng synt hesi s,
which may | ower the so groductlon Stabl|lh%é0f t he thernnglastlc

pol yur et hane resTFRChEPRGTBLPaMBECTFAL AEnBeFCaleFafBPABrECiPar M ei ght s
Esgd her e partbewkat i Dﬂgﬂ\tahlml y@ltnolﬁ@nunﬂsiarprg%ﬁalbm edorrllalsedctlwf_t he
ro val ues_neasur ed_jn_accor danc ustrative
exarptBs ot FeatE ShE chot At el corbiifed] Herl @i &1 e rebcyanat os such
as tolyl erpoliypsopyhbene e, pdlmethiybm«ayan@tpahzeslte:socybnnatms peasengs ene
dii socyangfg); 1, pen PX%SP&bFé'?QEV@HétEeégﬂaégf ﬁPﬁene ySegypoale; and 5

al i phatic or all c drTsocyanates such exane dr 1 socyanat e,
|sophorone1@¢$§o@4§nate 4, 4' - di cycl ohexyl met hane dllsocyanate and

hydr ogenat ed Xy|MkeﬁﬁedhbéQ@yQEBEQatEBemﬁhébﬂaﬁétemﬁe&slésBé@iﬁii?'y a 10
| ow nol ecul ar - melgﬂt congound haV£ng a nol ecul ar me ht of not re than
i A% o

300 and beRFFHYTEMLS atPi Ve nGetbY t ORI paRF 20 YE%EtF?EFWP
i socyanat es galbipsty Velian uso kyonas tonpesiins . nagebbuysed GSnSimﬁmove the

i o 5 such BeTiFhIr B TROL OO phe BREREMY VeBHe Mg 1t oibbERp e 867 €
aromati c oaveld c’yl@di i @aldg@r sofuagbnoxmd] Jovexli¢t hydr suglet avxHromnarne,
1,4- CyC'Ohf%@@Pﬁﬁflsﬁ@Ptbb§£&§19y§ﬁQX¥ﬁtﬁ¥£i Eﬁffﬂﬁ&g@'@%the QEbQFitéHCh

as hydrazi ne, | enedi am ne, hexanet enedi am ne enedi am ne; 20
and ar®o al cohol e§uéhsa§a§éF86ymaﬁ9dP§zPﬂéluAﬁﬁeoﬁé Bﬁeéenﬁpnatlons of

t wo orI lfTDr@f:Echtdi\@éBy mggﬁeyﬁeghegbﬁopbﬁtﬂagl aﬁtrsbﬁ@wﬁ?etgaatém?bae t
typically |pcludes to arts efera 0 parts
P eraht ABAe s raPLE cbaR ot as Sdp bel 855, cOTteRE 56 B8 du Peads 98, Pt
and prefermb%y prefetdflypaat slbygsthed §hwt s of andemedti prefeeabty aerldadt

parts by ws of the polyol conpound. A thernoplastic resin containing
units of genera? formula (8) bel ow
25 The separator has a thickness of generally 20 to 50 um,

preferably 25 to 40 pum, and most preferably 25 to 35 um. At
a thickness within thils range, the incidence of internal
shorting within the battery can be reduced and a decline in
the battery discharge load characteristics can be prevented.

30 The separator construction is not subject to any
particular limitation, and may be a single-layer construction
or a multilayer construction composed of a plurality of
layered f£ilms or sheets. Advantageous use can also be made
of nonwoven fabric-type separators made from fibers of one or

35 more type selected from among cellulose, polypropylene,
polyethylene and polyester.
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C(CHZ)r O30 Os (8) , wherein the letter r is 3 to 5 and the letter s is
an i nteger z5, may be used as the binder polyner of fornmula (1) above. -38
Preferred exanples of fluoropolymer materials (l11) that may be used as the
bi nder pol yner include pol yvinylidene fluoride (PVDF), vinylidene

fluori de-hexaf| uoropropyl ene copolyners (P(VDF-HFP)) and vinylidene 5
fluoride-chlorotpifl n rs P )

f1 uoropol yners hab|n§8a |nypgd§%§8?? e éo%? ?SE§E ?eFeasﬁgé

especi al | ynenadgessus 7€lettyrohyte pseéemdedy Gattepypenayibetai hiqaed
vinylideneg o} e,f I abgu e
wei ght - aver%%gefbfggﬁ §§ﬁ€e38§ EP hye§?§@r%%% hﬁd ?g %53553%188?9?%Pany
particul aro¥ i &i Palymer §$1h®hg%t¥thﬁ%|ghtahnﬁﬁa ﬂ%l@%hm@raMBlght is

pr ef 1 8bl yo 500:£00¢ £ Jo0s 9000n 28GpBELAPHELRERALLY 5P0a DDtk Lur, 58D 000.

Too | ow a wei ght -average nol ecul ar wei g i5 result in an excessive
decl i ne i r® pFYRPREPd SRABHRE ha #ﬁ%cbhg?t@Q%b% eb??%d%ncEP?éﬂ?l%%V¥%c?%9 may
be made ofam SbgambtessBvental such as stainless steel, alumnum titanium
tant al um or ni ckgl. -t hese |l um num f oi | unlnu oxide foil is
especial Iy prefeﬁbgdggaﬁhuanFZFnEagfgéoaBngbFﬁhnggna Bﬁ?g 18his current
col | ector mmwa@@emaedelecanqlptevsecoméafprhattentémdhmghf@sI1leubmnded
net al , she a di pen r e s

Sde ex}&éﬁoéé‘ée’ﬂs fba 211 PhEGn I OR §é19§12!?aé§§ SETLL t&?gkpgf?

The pOS|t|ve active materral 1s se as appr opr
type of bastttgbhedlbtihhbumcontidetneclvde. 1 REhBymnpetsabiuposhbergte el ectrode

active ”ﬁtﬂtﬁi&ntﬁ@&aﬁi@ofé'bﬁégbﬁafé" l'f@hiﬁ‘mtﬁér&?féfét’@ eif@ﬁl@rﬁe of a

| it hi um secondary i ncl ude group | ngoun s such as CuZ20,

Ag20, CuS WWG‘@%%SM}E%%E? c%oﬁ%%os himkderj Bl thigp %miatSno

group V nesgl gewepoUNgsrvutad as) VBObow V6013. 30 VOx, Nb205, Bi 203 and
Sb203;. _group VI netal conpounds such as Cr03 , Cr203, M03 , MS2 , W3

and 8552 group Vi Wﬂg h as Mh02 and 04; group VIII
nmet al conpounds such 23%% 5@% e 4, N 203, N10 ‘and Co02; and
el ectrical{ye C f'f'&ﬁ ?‘Erif ﬁi’ﬁm%' f'és Sb'fhgé‘ﬁ P&’iné’érB\gi g%f
pol yanil i ne, polyp- p eny ene yacety ene and p acene e

positive e¢%k@¥ode active materials that may be used in I|th|un1|on
secondgry cells include chal cogen -39 conpounds capabl e of occl udi ng and

releasing lithiumions (Rango“(twl.g@) af-gonjet.ni ng chalxpgen conpounds
(I'ithium containing doubl e oxides). Exanples of such chal cogen conpounds

capabl e oflstlvitah uacetatad Ietkisnngriflhbtoaceotsté pclirkiei e Rendosee, MS2,
\ZAS Sy VG%tmwpgoluenesulfonate, lithium nitrate, lithium bromide,
25 1lithium iodide and lithilum tetraphenylborate.

In above formulas (1) and (2), R' to R® are each
independently C, , perfluoroalkyl groups which may have one or
two ether linkages.

Specific examples of suitable sulfonyl imide lithium

30 salts of general formula (1) include (CF,S0,),NLi, (C,F,SO,),NLi,
(C,F,s0,),NLi, (C,F,SO,),NLi, (CF,SO,)(C,F,SO,)NLi,
(CF,s0,) (C,F,S0,)NLi, (CF,S0,)(C,F,SO,)NLi, (C,F,SO,)(C,F,SO,)NLi,
(C,F;S0,)(C,F,SO,)NLi and (CF,OCF,SO,),NLi.
Specific examples of suiltable sulfonyl methide lithium
35 salts of general formula (2) include (CF,S0O,),CLi, (C,F,SO,),CLi,
(C,F,S0,),CLi, (C/F,S0,),CL1, (CF,S0,),(C,F,SO,)CLi,
(CF,S0,),(C,F,S0,)CLi, (CF,S0,),(C,F,S0,)CLi, (CF,SO,)(C,F.S0,),CLi,
(CF,s0,) (C,F,S80,),CLi, (CF,;S0,)(C,F,S0,),CLi, (C,F,SO,),(C,F,S0,)CL1,
(C,F;S0,),(C,F,;S0,)CLi and (CF,OCF,SO,),CLi.
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Speci fic exanples of lithiumion-containing chal cogen conpounds
(I'ithiumcontaining double oxides) include Li CoOz, LiMOQz, LiMz04,

Li Moz04, LiV308, LiNQZ and Li XNi YM Y0z (wherein 1o Mis one or nore netal
el enent sel ected from anong cobalt, nanganese, titanium chrom um
vanadi um alum num tin, lead and zinc; 0.05 s x s 1.10; and 0.5 s y s

L.0). In additi Oaftg%ghsbebgdeh&ﬁm PBPELPRLBRShALXEoC! ELERR active

mat eri al descri bed ove necessar er conpositron for the
positive dlmﬁbmqmlwspimwAe mﬁ:rsejr@h omeuka chl ) yandreukionygl metthids |

[l lustratiqwv f é;)lrgjjg i t K,
Ket ~enbl ac'-lk:f)et acety %?1%& Qier?car fi/l:ﬁil"[s%e(rejs, aé:leér %\ er s%r}:aaﬂjﬁl
graphite aﬂtﬁmrq#mxﬁwcm@mﬂ‘é& W%@%Wﬂl@é’@ﬂe’eﬂ?%’éllblw

CONMpOSist | olrbrtﬂcplwfldlyctﬂpiweéné &&%ipeéu Ofk M1 Ss b Vi L, Bike
preferably 1,200 to 3 500¥arts%\é ht of the(grgsmlve electrode t|ve

material AR RPIPSH L HY (e £ REFE 135 SRPTR DR P4 ¢
wei ght, oftvdieor aisitet tiveremt er i al per 100 parts 25 by wei ght of the bi nder

esrn T DeORlilg oL BRLLRI5o ot it D2 DOOROHE LR SLERLESL g cecondary

battery of the i |ng oné or es of a
negati ve elcttiozte tsirgemerably ekt @5 Wtih mlﬁgatawda it e ey m-nljetro

conposi,t i np | narq
el ect rodeoi;cn??lﬁna%f? ?6*'?% iis%hrrzgli %ier po cg%e%/f%i&gq“%ge s | n t he
positive eirpassikle e ohtaiver ysuffﬂeclt@ghtmﬁel%l%ﬂ Wl bt iflerwhereas

conposi ti Otfbd?(}%eéj &ﬁé@ﬂtfa/t%n %5’}' vt YEBH fé‘@e A SPsSAYRtdY Gin
el ectrode active material may be nelte nd bl ended t hen extruded as a

filmto foMf LTRYRTF \2CEYRErode. -40 The negative el ectrode current
col | ector may beE:mdplefs afsuryahie saleehat shab xﬁﬁyCBépﬂéedSiﬂth@és

st eel tltam#igclF @V:Ckeclzlic aregr(fah()pp«?eé)réﬂé rgtox éawfm

surfadd i £F W% cop ng TS B S’pr%?erred
both in temd aﬁyqﬂeicﬁ 02 thexcs, apmomms'helwqmtcm¢m<is)r sl kmy be in

any of vard and NehHel r‘&oxﬁﬂéﬁnd@?(paﬂﬁjé‘ge TRdp! eﬁ.‘f&ﬁ@ti’si gwol . or

a three-dine S|ona Sifucture such as a net. Water als that My~ be used as
t he negat id®e ebeturesicthererfive material include alkali netals, alkali

nmetal alloys, CaEQQﬁ?QGQ“éf”BﬁEEhB!Lé cﬁaﬂlbh@aﬁﬁﬂﬁaﬁﬁbeihéhﬁdés t hose
ment i oned ove for t lﬂ%m tive electrode active r%%terl al arrpl es of

sui t aBle AKTICHetFELIRICRISHTR 1FRIRT PG SREPABER (BT Exarrpl es of
sui tabl e dtkeyienetcaridnaté ofBC) nmddeutelend i catbvdiate) 48 -wdll las M,

Li-Al-N, o) eous
material s ‘?ﬂ-&ﬂ(}le gra F%"?g@ '\g"%on blac f%Sokéef é{1|lial‘gl"gs%/leca c?\Jj,j%car bon
fibers, arrREhonates ‘é@edbx%\lkﬁéh ¢¢Eﬁ@%§e%fsums@5 @pneth®l | it hi umion
secondary &otonatee (W@qun@ihyal &gy %aﬁ‘%rfé"té eM@E@) bArYd Qe tiges and

rel eases lithiumion rbonaceous material s e used as such a

mtor 2 [RTRRRAYONCIFGDhi (FEARPLSE drbARLERRAS REGTTEF CarRpgr A s
mat er i al s.ifyRedd ime ExphdEestate | An® mytloyytproRoadtt bON, EXaeld<£.of).

h k K e K b f d
b gani o polSTERTES rerertal e (Fel S8 Plornf BROHIER s AT R RTR, LI
resins thak, mmneaamm z2ddine thoxyetlzanea. SLExamJam enpesat tale)e

gg[)gglnef ef ref%%cﬂ f‘%ﬁ%lﬁﬂ&%iﬁms%% i thi un??glﬁlos é% udi nrI ale

poly S S I
| ymsPo mwmt@%e@mm@a%d e vyl methyl phrphaks, Uéii-"lé%PEShOz i
necessary, pﬁ&’l@pﬁhf@ertﬁﬂﬁﬁ)@?ﬂpﬂﬁsﬁl@été hetﬁfg@fifru@f&ﬁémflf) NBiYo s P tEe
al so a conduc |ve teria IP%Ega gg b%ive naterlfls sul tapl e
for this purposelhrereet ﬂ?P}B"ﬁE‘a aBB C¥LFleeropbly ) vRRFRRE TG de
bi nder conmmsdtrIpErfluoroethyl) phosphate,
2-ethoxy-1,3,2-dioxaphosphoran-2-one,
35 2~trifluorocethoxy-1,3,2-dioxaphosphoran-2-one and
2-methoxyethoxy-1,3,2-dioxaphosphoran-2-one. An example of a

suitable lactone compound is y-butyrolactone. An example of
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-41 The negative el ectrode binder conposition typically includes 500 to
1,700 parts by weight, and preferably 700 to 1,300 parts by weight, of the
negative el ectrode active material and O to 70 parts by weight, and
preferably O to 40 5 parts by weight, of the conductive material per 100
parts by weight of the binder polynmer. The above-descri bed negative

el ectrode Di NP URPSE 1 POScAMSbRNG | 14 VEc &L Siel ¢ Ofife Di NdeTexaPRsSid¢ oS
generally are used in the formof a paste after the addition io of a
di sper si nFHRARAR Nt dAFAREEHE LT ML PRhELf PRS0l ar sol vents such as

Skrre: Ey: -ZIPyrrgtfdgﬁe ﬁbNE&;ueQﬁﬁEélﬂgbfﬁé_ﬂ?ﬁ%dﬁs dilliblﬁlm(éﬂgg_élim' de and o
| e Su am de. e | spersin nmeal um | | Ca a e | n anoun (0]
about %0 1oL eRNF pF e %g ‘ﬁé‘? ghtP é?e’l*ﬁ)’(‘if”b%‘ft%&g‘?e mﬁ%%tgﬂ?c‘i@n]tﬁée positive
le! ect r ede cympwegiotiome &1§®Liz®dhl$lﬁ$;ﬂetn cannmsih _ 'm‘:ﬁm m{o@mfégn%wg y
Imtatlio J oS on e netho Snapl n e osI.tl ve an negati ve
ol oot cotedt i FEfs ind IFrdBR S PlyelER 4 Lot lfR Havind i "o
conposi ti aredstive oddcublabbendreemstiseioho bscubd | eand qeate fgratblh Encludes
applFat g Qhdy SPTERN £0NE NralELE RO A SOyl 1 cORLT N o bar

coating so as to forman active nateri aving a uni formthickness
when dry of 10 tBhaboigi ninagasespebere| yheorelymes gek elactrokyte

[ Nonagyeoush ik fitdd %yt%ef@@maéuc@aa t&€l&c Bto IPHEe SESHHES NI UEY Uformed
el ectrolyte seconda_r% attery_according to the invention i s a nonagueous

el ect r ol yti By Hhin 39d AoFgd 2 Y LHei19l%tel i3 RRNagGheRs
nfagati vg edmd%mimt]e W@ﬁ&ﬁyllﬁ&smsﬁl d b@tizmh dde 0S| phyel eal neg?t: ve
el ectrodes,, an ppol yner gel electrolyte, The separatar_is a porous film
or “por ous SHERo BN T TrRRS 119t TRt b g A% por ous
filmor pareastisheaslowinbedsend 3o prtherrmolecwie cid |addsd, andetlohar gi ng
charagteri sy nd 3 &€ ]pg?@pé i{é/,f((;jﬁﬁeéy @fﬂné?.n“f acturability of the

tro ary batter

nonaqueous - el ectr te secon . é can be enhanced. Moreover,
t he overchar gi nglEhéfappEELSHLeEl¥afepiTrabieehREdtheheomrPRRA RRAEBRG ai ni ng

porous fildn¥adPfvISASNIEES HSndObn St afid1d CuBd Yt PHAVE Uhis dF Mhdad | ON,
al t hough the use Sdﬁ%ﬂgﬁ e% f@rned fromcellulose fibers is preferred from

the standpdidfitbye MPLDstRECIYRPNTRT FROPEIR %5 Thih FRRMd ¢ o
t he el ect ridnnie & othitéeend mees baria bl iyd Evexopoisiidciure pandleing it

charagteristg V. | SEi so. b .

paper adPIT LR HEPIEEEE A Firinel ' e R MRBIH B
has a heatoff eshetalretodlytel east 200C and a better thermal stability than
pol yol efin res'“ﬁheﬁ”@h&aﬂo%FSPSBQEfgf@@éﬂﬁﬁy%éfo%gﬁﬁgalng%ﬁPibhty of the

battery. The use of such cell Ul ose us makes | possible to avoid the

danger of HHHHIRF RRErPREY | tRE RROYY Fe3eFREd FRIRIWRA AR % 3 tral
shri nkage xdagtetwveppsatOive Vili@lb Be Slefad £ Abu€ paHsedl Prnd@r idy of

Celluggseg§%nched polymeric compound, there can be obtained an
electrolyte having a semi-interpenetrating polymer network
(seml-IPN) structure in which the molecular chains of the
polymeric compound are interlocked with the three-dimensional
network structure of the polymer formed by crosslinkage of

30 the reactive double bond-bearing compounds. The shape
retention and strength of the electrolyte can thus be further
increased, and its adhesive properties and ion conductivity
also enhanced.

The compound having a reactive double bond on the

35 molecule is not subject to any particular limitation.

Illustrative examples include acrylates and methacrylates

such as glycidyl methacrylate, glycildyl acrylate,
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used, the hydroxyl groups on the cellul ose nolecules strongly interact with
hi ghly pol ar electrolyte nolecules, resulting 20 in a better lyophilicity
than i n pol yol efi n-based separators. Thus, the electrolyte solution has a

| arge rate of penetration, inproving work efficiency during battery
assenbly. Mreover, deterioration in battery performnce due to inconplete

5
e on gy AE0RhP Bhel 514061 ShEERAELYI 612 AOLUBKO- SRRy Tihe 21 oo
surface ar@h¥0¢htm¢§b@CmY1ht9h@ndeme§b¢§Y9?bY%bhﬂl¢@ﬁ gilveekasing retention

of the el erﬁémwfﬁaﬂé @'h\'?é?&?é%&ge&hﬂé&dwé%gﬁﬁ“Q@o £6 2 566Y! tana
|nprovenents 30 in the chargel/di sch ar ge characterlstlcs hl h-tenperature

retention %ﬁ%@%r??@%ogﬁﬁss%?%%?go?n?h%cﬁﬁl%%r?ckgngﬁ%u%cﬂFé@%ﬁhaﬁﬁy ic
partlcularaéidngﬁ@upnonSthepﬁégdc@neth@u@nléglm&enseﬁypayloiséafaﬁ@ﬂ@rator.

However, t e effectivel est .the properties attributable to use
of the abdgéh¥é£%¥Y%%g %gT?ﬁbﬁgﬁy $? 614 @20t ageous for the -43
cel | ul ose numt@ﬂmetnyb&mﬂnoéenylméﬁhmbﬁﬁlpceaeiably at |east 98 wt% and

nost preferably at L % u e gh.c Mo W th
the liquid elect?oly?g% Begé auggh#t&?g SP%EC%HQ gshgggg%ﬁipﬁg%&the 5
nmol ecul es ‘e cedmpdosé b@wiagnoaelaﬁgetawgu@@ublenbﬁsdua@d thebl ens ari sing

from tRe prepeERer:of cHHbéﬁHaed%éPiﬂe& hgns6Rar 8t 01 s CRACEEs APT €8daly

t horoughly drying during battery manufacture either the separator i1tself or
a Ianlnatea%ﬁocélP@BP%BH9 baving abpheatbrtve E%ﬁﬁFhﬁ?lGﬂuQ}?hb?%@sp%%lt|ve
1o and neggié iRoeé€Glepdes. The porous filmor porous sheet has a thickness

of 20 to 50 Eun, _preferabhly 25 to 40 ~ and npst refera 25 to 35 Vim
ond s bor gty PREg R AR bx Ao Rs 0F | 1Pes CPhPRER BRYLRG. LY, BPcPOERy 70
to 75% Byreactiiva dephlat bonidki ch fihesmbietukbs 1heledeodilvinphbenzérege can

be obtgl nedl 5, A05QYERNS eLF5LS b1 £a3809R0B" Vo DRELERY BayLng excel | ent

| ar ge "Currén e thar errstrcs ness ess than 20
E.~m the ¢im¢ﬂhﬂ@EYbatentéiﬁEhY$ﬁnet9thQLtﬂlmeth@cbﬁl@b¢y brjethygbenen

the other ovbendaifbRabhyskoesspoleatey1thangbcbunahbemabephatge | 0ad

characteristics of the % WOr sen 80r05|t of | ess than 65%
perneablI|Q§V?Eﬁ9ﬁem%¥%€PFBFyW%iS tut 288 RRylwePlén. L ndrivtetene nglysdlint

oL p0|ynErdiﬁ%tﬁb@ﬁylatyt61peﬂhdﬂhﬁe&ﬁbygﬂlﬁeﬁhaaﬁﬁiatéblﬁ@oﬁ@ﬂtﬁﬁ | ower

the 1onic nau nis t he a tery t1cCcs

i ber an RGO it ¥ndCEutat n BOAbREREI o8R o freei o e BhasRirabe o1t cs
of the bat(avegragei mplevelabuwvelpbtphy80tal strength declines, which may

conpromni se, h@? gggi} EydgHétﬂgc£gf°§€§f8€£X esoOperations. 3o Mreover, the
ter n

i nci dence of shortin The construction of the
separ at or ?thB%SEﬁbT%EPaFBY£ﬂ§Yﬁ Rex¥ L PReNYL IP¥aPaRA: The separator may

have a sing|z-bayps- pﬁaﬁhaaﬁyleﬁye@noﬁyydbetﬁoﬁywyhén&ayﬁfopﬂﬂétructlon
conposed 05 f gls[?' mxtggcﬁgfgkggtgékgspgiyethoxy?phenyl]propane
ethylene glycol diacrylate, diethylene glycol diacrylate,
triethylene glycol diacrylate, polyethylene glycol diacrylate
(average molecular weight, 200 to 1,000), 1,3-butylene glycol
diacrylate, 1,6-hexanediol diacrylate, neopentyl glycol
30 diacrylate, polypropylene glycol dlacrylate (average
molecular weight, 400), 2-hydroxy-1,3-dilacryloxypropane,
2,2-bis[4-(acryloxyethoxy)phenyl]propane,
2,2-bls[4-(acryloxyethoxy-diethoxy)phenyl]lpropane,
2,2-bis[4-(acryloxyethoxy-polyethoxy)phenyl]propane,
35 trimethylolpropane triacrylate, trimethylolpropane
trimethacrylate, tetramethylolmethane triacrylate,

tetramethylolmethane tetraacrylate, water-soluble urethane
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The pol yner gel electrolyte in the above nonaqueous el ectrol yte secondary
battery is preferably one obtained by gelating an el ectrol yte conposition
conposed primarily of an ion-conductive salt, a conpound having reactive
doubl e bonds 5 on the nol ecule, and an organi c solvent. The ion-conductive
salt may be any that can be used in nonaqueous el ectrol yte secondary
batteri es éi‘&@rgfajcét %Hﬂéfegar;@e}gg Gfejcﬁaﬁé'ddlrhéﬂh&'&irfgt?econdary cells.
For exanpl e, can e same ion-conductive salts as those io
ment i oned thbw¥clodesanecdibathnralt agrylate. navidreeenatedect rol yt e

secondary @fé&@wpefmedgeﬁaoamcﬁﬁyaas racyéy e HogbherPrats nat he
nol ecul e, the organlc sol vent, _the concentration of the ion-conductive salt

in the eIéE?*%?? er dimebhASFYLIBREtituent 15 features selected for use in

t he segond nonaqoeouaeeheetémbnteoaeaomdaey1bataeuwleawoha bbarsage as

t hose nentioned above in g ction.with.the ftrst nona ueous eieg g#%te
secondary PHIRBPYC Srte§§e%ﬁ9 Y BEoferFe? TRRCED ??%eﬁn? Y<t 20
second nonamhgmmgakkgtenelgbmpenemndhegrbagtéxeeters Oﬁvgemheaiofénmmhg
properties eII I e s.t 25C
to a chargg gg%%g? ¥§h699 3goaﬁ§ﬁe cg g%ga%%rgsﬂbf %rgg 9%@365
battery supbrexyehbiienereomponert-bearinganonessberrefagererat 25C to a
char ggcapasihy1dhi &) be18w0dnahe e8léscaPatit Yecdmménasfer enhance the
safety of the secondary battery, it is advantageous for the nonagueous

el ectrolyte secondary so battery to satisfy the above cell voltage and/or
surface tenperature n@rtlons even when orchar@ge®¥o a charge capacity

of nore than 250% Ereferably nor. e than|300@6 t hle | capacity. At a
cell voltage of !3[2@_\9:0 Ter el CHA e x (G CROB5 GodsT btz ty t hed) the
battery will rupture, generate heat or incur an irreversible reaction, thus

ceasing to function ﬁg ﬁ battery and |ncre%§nng the |l evel of danger. It is
therefore -45 desi rjablje to hold the cell voltage during overcharging to
| ess than 5.5V, cheq‘cer@b#@—lr@;ﬂsza S(CH) H@)]Bd—RrHst preferabl )l ess than

5.1 V. At a surface tenperature of or nore, there is an 5 increased
possibility of thernal runamaﬁ b& the battery. is thus preferable for
the battery durihd &@EPEREr §PRg Ro HAR ér§uFF§@eLP€ﬁP€P§FBFéYbP | ess t han

90C, DFEfemﬁ@fdgéﬁsatbmaﬂr7@ﬁ3aBﬁﬁlﬂgﬁbuprﬁé€1ﬁ§|y tese taapoRYC. ahr eover,
in the above- geSCé# ? Qongqueogs 1o electrolétg congﬁ ¥ batterie it is
desi r abl e Rb®hBTaBH¥E Bnsufdrt 3?§ty539%na ARy ¥ i P SPBHORY harged
at a l1ar gei-puopeht . nHountel, i L-butdksi sabutyl oorabebetygbndandoXisagd)Yand/ or
(B) to be satjsfied even when the battery is charged at a current_|arger

than 2C, aRtpPeyeasl §ondipernid fhan 158210 7% the Sopdteiami% 7
these nonagygoys, ef ectgoleyf qosgeangagy Bf&%&fhﬁ By fle PRy 2PEDhS1 O

di schargi ng at Ieast 60% of t he ce acity a ng ove charged at
25C to 250spfopyid, cétpreppici nybukplThatbutyli nschygtglwhert-butyla very

| ow capacity Ca”IBef@EﬁﬁﬁﬁrQQq bl pyi grg Q¥§rEQéﬁgiH&e%£H§e9@i§e£y will

most |ikely be very safe but have a poor perfornmance herefore, after
over cir gi BEATrPgensafen pEpRR ALkYLh8TEUPt BRYiRG bet@li 8cPa¥RRRB caBdain to

at | east 6pfefengbpyeietabhycaivbfast sdbhB880methye éeh*lcaﬂaﬁréyylln this
case, it I3 al so dvané g us, for the nog ggious glec yte secongaé
battery to-bREAPELhaPgRUBYE: t - BEt¥Last ~BBSY Of OF hE-BUFY ryaﬁgp%c?? ven
when over chaf ggelyt #ha EHAGIL16APACETY ARACH 4 So ar| ERSTcam@hidh A = o
preferably 30 at Ieast 300% of the cell capacity.

and B =2 1. R’ to R' are most preferably methyl, ethyl,
25 n-propyl, i-propyl, n-butyl, i-butyl, s-butyl or t-butyl.
A preferred example of the compound of above formula
(3) is one in which X is 9, Y is 0, and both R® and R® are CH,.
A preferred example of the compound of above formula (4) is
one in which A is 2 or 9, B is 0, and both R’ and R are CH,.
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It is also desirable for the nonaqueous el ectrol yte secondary battery to
have a cell capacity of at |east 100 mAh, preferably at |east 200 nmAh, and
nost preferably at |east 300 mAh. At a cell capacity of |less than 100 mAh,
the influence 35 O materials such as the outer enclosure that play no part
in the storage of electricity becones |arge, which nmay | ower the energy

density. -46 The ngnaguegous. el S i of the

i nvention have aﬁh%n€$b?3§%ﬁs%$y§%#%%g$§yp?%f’g%%/gﬁéﬁégg? 270 Wi/ L, and
nost pref draimetlaictwlaste 300 Wi/ L. An energy density of |ess than 270 Wi/L
Is too |ow, rmk"f‘l??]'ébéﬂfé(-eéigséri@?%g%c?%*%&ﬂ&’l%é|c&ﬁ‘;‘/@n§n999éaﬂﬁg i cal

utility. Each of € nonagueous e yte secondar:%_| batteries of .
i nvent i on diee spde A P DY FHLRIEAENS HRIRATATHY, e hdBeTHding I nto a
| ami nated LimiGaidrd ivkers NaRe B8l dm ansenbl she GRRRAtE ofo Ivih ts el atig

di sposed between the 1o positive and negative el ectrodes, and pla}c]: ng the
cel | asseMfGLSFATH n & BRALRGTA G RANRRPG c RLE SFRRA’ENP ErPbrtaPi&ini nat e

pack. The fuxint &5y S tibn S(eBgharica ightsead st tidorn tbdading, Gorays,
heat-sealed if it is a Jamnate packd. ngconstructi n(gjuatethe?{@atter , the
separ at or T JFHERd BHETVEER 9% tHE P TT IR e &F L9 1 i %hegati ve
el ect r ode hemitkd hso rissn ta nichioss 4 d assestiinal sngtivanskd stitddvtuneheobat tery

nousi 9. T, cobly ANRItlyC LS. SR 1 L0 R Al ecidalie et o 2

pol ymér gel €l ectro e conposi a@go lI}l/msr gel electrolyte
conposition is uBke, relativeuprerertiens gef athembeveydesaribedor sone

ot her means,1 sk HLBEF1ded hiydhePBObe £ idd e iaguecise el ectrol yte
secondary batteries of the invention has, excel |l ent overchargin

char act er iRRY¥QX¥MEKY ke RORRORRHyRe R di IRAPSRAS T IR Y S ntg]iilfes%ﬂﬁence
?L abp: ?t eftd V#l?jﬁiag@@ﬁprd-mt_ &5feriatnd idmgmka)dﬂ' tﬁm%@@qﬁﬂﬁl’eﬂé fy
e battery production operations and reduce productjon costs., The
nonaq&éousg%f%?ﬁ?lbifi/taenggéb%%dh?? sb@? &Y e qupx @F%%Q%ﬁfﬁ%t%qg’sui t ed
for use iR adilestet naicappdrs anliamsratixlamihgl neo 2 peamt espyptialsly or
" I ; ; : |
porta gngtg. ﬁnﬁ?f,%?{” Cartdl'y p@&téﬂ@é&f@sﬁ’%ﬂ%%ﬁ%éﬁ o epogk apnput er's

cell ph are known as ersonal han éphone osystem;' (PHS) in

Japan, unigh@respreiRklypoheko sipplare rrpierisd preeRd per sonal
conput er s g1dt ¢l Yt USErasgnory backup power supplies, in electric s5

cars and hybrid cars, .and to eﬁ)her vvieéh solar cells as eper storage
syste® for sol afPBo Peﬁ’éngga Fapch eﬂogyrﬂ?ﬁ?'ﬁl ??Wpﬁ?ngh'égédsecondary
batteries togetiemect gl the sEtioes- desiéntbed ‘compourphriedtialg twie o aroree
used as power supplie i V. cel i e I Y ar gi ng.
POUELL 4L 465 1T S hve, A GG Sl Sl Y Sgpar of no

In parti culfar, ecause e nonaqueous el ec secondary batteries of
t he i nventpolvmerw ek celeckiro by be ek oYy i sup teel dte anytpastichar ar e

wel | -suit et Of a4 Gh; SPEECLEIRT RO WY dHE(ANLHYdLSRfaBEyPUl Sed chargi ng
met hods USI‘;:JngO current that are descrjbed nore fully bel'ow. By using such
a char§i nPHeFReCRAr iR demttiee no%hﬁb@@@ﬂ%%?t@@é&ﬁ%ary

batteri es pompvbty M 4 Tedlfo BXaet 1 eat 1 ey £ CHORr 41 pl EFBY GTAEY | Gdi D taiiee ,
carrying out rgy-efficient {a i n t he batteries can be charged nore
capi dl y -t (Q BSTRRE IRHE BT 73 AUkt Y HRAGR TR Accor di ngly,
t he nonaqueoasp ehexting ypelyetontaalcdadl etersvdlaive gl e xued ferted.
over chargi ng cha LSt LeS p %?k.fv i 8hsrsgLtable for
use as batteriesﬁ?%ﬁgFggtP?cgpigéggﬁnéﬁéfgﬁﬁ ngstggeygﬁgr eﬁ a% a high
speed.30 derivatives (a) include (1) hydroxyethyl polysaccharides
obtained by reacting ethylene oxide with a polysaccharide of
natural origin such as cellulose, starch or pullulan, (2)
hydroxypropyl polysaccharides obtained by reacting propylene
oxide with such polysaccharides, and (3) dihydroxypropyl
35 polysaccharides obtained by reacting glycidol or
3-chloro-1,2-propanediol with such polysaccharides. Some or

all of the hydroxyl groups on these hydroxyalkyl
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Exanpl es of such el ectrical equipnent requiring a high-speed charge include
portabl e equi pnment such as cell phones, personal data assistants (PDA),

| apt op conputers, 20 portable audio recorder/players and portabl e video

pl ayers (e.g., cassette players, cassette recorders, CD players, M
players, MD recorders DVD pl ayers), video recorders, filmcaneras and

0 9148l OB ORI G0 08D S S0 BB T S 4o

hybri d ca#% 9% 'l C-assi’s ric
wheel chai reg @ttlm riinkagee- wheel ed vehl cI es) electric for kI i fts, el ectric

pratters and ralf@yafals:a8Rdr-IoUsChobfofyErkyl ofb1 PRRLLRAELSes | REVAITT NG

el ectric-powered too and ot such as vacuum

cl eaners, 8 MHAT BIRE EEtu kP Rhe? Hehddbt and praferakiect i 20. At
t 00t hbsUSheSno T i ArSONL F 188 N OEhefnal esf rites poyer ath Jabhy g ens,

el ectronic ganes electric drills and electric cutters, Preferred.uses in
uni nt er r uRYHHEH Riferthe RRIY S 2¢ShaxRi o8 HIE REIARE i SR 11/ v Makspilites

for eIewﬂunsnitﬁbxarfdxnuhéjon|ng equi pnent) energency |ighting) medica

equi pnent such a t s and_a od of
Cﬂarglng hbnaque %ﬁ%i?ﬁg éf@néﬁﬁgnﬁg}¥vﬁ%¥i ?%g¥ #hgs¥ﬁ%%ﬁ%Y%%Nﬁ%?hod
of char gi rEpincatslpiefus whecds otlyd @mkyrmrjm wdtmpdtmd elsna]s.ldthrcakyxmtuiznd in
t hat, 0 t I

posi { e Crauf IR MERUT e OfF W€ ROEIR ORI iy TEEGHR, Un s
lithium occcff mn@r@hdfqmmu ) rmJeWalwfa#reh aha)\rfndm FNATAAS | d%arq%a%ﬁ one
separ at or Wa”éi&g $HCaPOPdddt 2 ANhME A | Wit & SsdniOdSS  aBN b A

I|th|un1|o salt contalnlng nonaqueous eIectroI te IS sqg%ected to charging

which is cHt§ iREATRKY bhyITRMRT Ph gt Re R ey Lhak S Br&ach

speci fi ?d élybﬁtmfalltwilﬂh tmyﬁikyuamﬁrm@egﬁoabpﬁ[l%ﬁ)nl ]rmh aaxgtg:&gzé ntg_ |
time t | t manner , t -~ , |
- P3[§§ t%ﬁf%r SEBSE}EEF*pn €2ae leﬁSt &g%+1 [ Xn+1, t"+1 ] ( wherein n

is an integer a1l ) , the consecutlve chargi ng patterns P have nutual ly
differing current(C,sre€HX—That is, the relationship anong the&ﬁurrent

val ues (in anperes ) Xn n+1l, and X"+2 for Pn, Pn+l, Pn+z is such that Xn
~ 20 X~+1 and X~+1 x Nn At the sanme tinme, the relationship between the
non- consecutive current values Xn and X'+z may be either X' X'+z or X~ X
X~+2 No pkErtfFexmaka| (¢ athenlettenposks prefdrably free 20 A i, QOrOase

current val ues. KQWBMEE. tﬂ'ﬁlént%? Cbérﬂbﬂﬁméfléa&éhﬁguﬂéthéé & hegge current
value X' to destroy the passiva do he

el ect r ode PEFRLEREERS kY %’Ei’e°%ct1-¥/g‘%t1§?r‘1§aﬂ%l %‘Fﬁéaﬁl‘gr%’g%ﬁ%‘(ﬁlta olfareqf‘er gy
appl i ed t caidentel e€tsories and £d&Cticwle Hed iveleRirs |c&$r$tamxarmj y raises
i o os0opi CHSVAT Lo o difon s wiih e IR € MRS 16 To6 < ne pri or
chargi ng peeswkwingtin sam-’emlerm emmmibﬂetyt helkeis reype voff usoX¥merior t he
next char gifigRAd e {ud YaDME1d WEre DA ¥ihg 4 hidh -ionfE > X 1 -49
conductivity. Moreover, because these polymeric compounds
25 have a high tackiness, they act as a binder component and are
capable of firmly bonding the positive and negative
electrodes.
Examples of polymeric compounds of above formula (5)
include [1] polymeric compounds obtained by reacting a
30 polyvinyl alcohol unit-containing polymeric compound with an
oxirane compound such as ethylene oxide, propylene oxide or
glycidol (e.g., dihydroxypropylated polyethylene vinyl
alcohol, propylene oxide-modified polyvinyl alcohol); and [2]
polymeric compounds obtained by reacting a polymeric compound
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The charging tine tn for each charging pattern Pn is set to a val ue other
than 0 seconds. The | evel of charge for the above-described secondary
battery may be anywhere fromO to 100. The cell capacity 5 nmust be known
when setting the amount of charging current. For exanple, if the cel
capacity is 2 Ah, the anpunt of current that can be charged or discharged

in one hOLHav:Pr'i 2;9@13{761 jprﬁ@aﬁ@ﬁ @91 fs cﬁﬁfﬂlagp&wéﬁﬁél %aié&ee of 1C. The
char gi ng curre val ue in ch arglng pattern P~ is preferably at | east

1C. To | ncFUmRAIRGhaYhRg FRrBipali RYRTORYIrepst1¥e %%I%S’fvr%e%ﬁu. red to

achieve a full charee, tﬁadpah§elh91ba§a5hum passvahirifgl pyeymethat have
formed on the ele t ode suifaces and t he glectro e active material surfaces

and t her ebyPBRRENCe ?h% ROLYRET ¢ CYPPOYRA plaigh hag & qupberaVeragde o s
for the cudté@ﬂéevef upoﬂymeﬂgzahaoglmg 4b beast 2easpr6f?erahn1jy petefbeadt y at
I t 5C ' t I
est o F0S"fud 308 AL EHARLy SRRCLAAE bo! Ao IRt b pagnt value,
t he curremlochok 1)(1'111:451 Qm tlhe la@bQQUh@argmﬁgllpawhmlm $pme cobeabl ¢fast 3C,
and for th&é%j&?&x gf'or)ﬂ?é‘ oh”tﬁ%e%ﬁfﬂﬂhﬂ?ﬂ &’f&&ﬂ%f \?r‘i‘i"ésté’ré’e 0 A

Carryi ng out € current va X~,1is A enabl es
ener gy- eff$‘éb%ﬁ%t‘éh%¢g‘i"h§ht@XYﬁk]éYb?%%eC%Hibn’plﬁ@v%@‘FR@ anF%Rc@%%lwm se

in thQOV0|6@9@a&&1é£€12§t§'0nﬁﬂée@§§e§|Pﬁ\i@'i/ﬁetﬁéfcﬂlﬁiﬁ'@éﬂ Q@éf&‘éé’ As a
resul t, the time required to achieve a f§ ch arge can_be f
S

short ened. IRBFESVRF P%ﬁ%ﬂeﬁﬁ?gElﬁﬁa}ﬁ HyL$ sCR8¢r %dPB%feE?b§Yc%ﬁFéﬂ?r%aJue
X~ in charghag pamoermneﬂeof:rafei:em déx andra Bhasusoentanvd mest" +1 in

charging p éfég?gi%x% %d8%£% %ﬁagszggvantageous for the cell voltage

during charging nd especially 4.2 V. There will be tines
wher e, dependi ngltnishmostapygefigrebleefibryiheeakoveelestedbedhe cel

voltags risgeylentiCafdolbs! BhiV-Bladfnd: pbeyRYELe & zﬁf CE9%ayd

excessive Tise 1n the cel [ voltage can g vent ed subsequent ]y pIaC|ng
X'+, in a p@spestayerageodegregof pelyperhgalionoribhiy thetakeee|ittle

need to StrafgéYak@Nt60bet AEnbR6FELYHEL LHANELOH ﬂ@étﬂﬁ@cﬁﬂbﬁsoﬂOt tO
exceed 4.2 V. as,.in.p y- ef |ng

rjor-art char | N nmet hods ne I Cl en
A he ea oL HTL bl aonal | ufDEE L OLE mf R PRCT VR £ Leghf ids GRSTH) 0
naklng |t Pogevér e tbesholYeﬁnYhealcoholtumﬁkebeanimghpﬁhymariul| charge.

| nt o he %ﬁmﬁgﬁﬁ@i 14 SSPaiﬂrﬁlt §5£he Bg%geén&tarﬁaef'nﬁg J[?xge ievfgfx%grﬁi vely

used. gng trnme tn 1n t ove C arglhg pa
subj ect tohmyapaumbemaveraget@egme of t polygnerizationvehtRiRotkefor the

chargi ng taﬂ@vé%éﬁggoén@&ﬁléﬂaﬂaéo Sﬁ&?{?@'h Pféiééﬁ‘@infé&rién Oof
mllisecond to 10 seconds, and npst gre erab from1l 1 second to 1

second. ThRFeferably{RE beasknf0iRoLhti3Rd m?r?sPB?E?E?Q%YeaE5;?%ﬁtt%%

: nitial cumars]mat l dﬂllﬁgtﬁhﬁi?e ngxampid)es hoghsﬁehaaomgo:ibm@@ktmt p@éﬁlb@tl ng
ayers, on thejelec e_surfaces and e er nd for

subsedient 1y carrleﬂgguPo %V%ﬂ%fb ?f%?is %hmﬂﬁ%ﬁgtﬁ%%% P s€?€ f@iﬁ*%yers
have been gesupsyen. tﬁhlBoanpnonlhaéqabbéshahargeag tonvertedrtedfoumalo at
an even h'r%'&iffé'&rE%l?@ihﬂeQ%othsaﬂﬂ'%h?&'h éﬁ:ﬁ@%f‘%ﬂé‘%?&f&**’%ﬂ' ng

| ayers activates the active materi and can t ore inprove the cycle
life. HoweEPUPEhencEhe pBLy¥BYlnateghes aaVﬁrBéeﬂl§@nMﬁ§ﬁe@h§°pQ§§Y%ﬁtlng

| ayers arepgeg (éﬁuﬁﬂenéfvﬁﬁﬁlghlﬂgoh§l§F'enpaﬁtﬁgnljtrnb'&?oﬁiﬂ?@t m;%: I?nt
struction o e acCltl vate

| evel,_in addt %on to aSS|v§i ggd rs
mat er i s, 2CPEREPHdedR nat PECPPEFEEEI B 8%%%? alcohols.

This polymeric compound is one in which some or all of
the hydroxyl groups on the above-described polyvinyl alcohol
units are substituted with oxyalkylene-containing groups
having an average molar substitution of at least 0.3

35 (moreover, some of the hydrogen atoms on these oxyalkylene

groups may be substituted with hydroxyl groups). Preferably
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Mor eover, when the charging time t~ during passivating |ayer destruction is
i ncreased, the passivating so | ayer-destroying effect di mnishes over tine,
and so a longer charging tine is unlikely to significantly increase the
effects. At the same tine, as noted above, increasing tn |leads to an
excessive rise in the cell voltage. Hence, it is preferable for the
charging ti Ln hay, g} t 5 £ & hi h
above-indi%g?%%g?gn%g?ﬁgégfhéﬂeggggﬁegg%?e?ﬁgf%h%fg%%%é%r%%h?ql%hg%f
char gi ng i EheahydeexXpht IrPuRS - e sebakytngeduin ehRis W@ enough to destroy

the passivating brakeabovePm8heishbi §aqybqgéiae@oaereoat§s§-(A)sepondary
battery can generally be used with rggﬁaie char$|£g and di schargi ng, f or
t e

anywher e fFORFaEREr BiEshghofeBMEdbaa Bobetyetes® heretRaftensas e
above- descanbed" ghar gi ng nethod of the invention (referred to hereinafter
as the "direct-current pattern chargi ng nmethod") may of course be used in
each chargi ng cycle,(ﬁi%ﬂﬁggh this direct-current pattern chargi ng nethod
can al so be used in ij ination with prior-art constant-current charging
and/ or const ant - +@fAgeoshar gi ng. Wien the respective charging (et hods are
used in conmbination in this way, the manner in which they are conbined is
not subject to any particular limtation. The 1s chargi ng nethod used will
typically %%doﬂ%lgﬁ ARi EArPRLa ahbYV e BRERFFBRJt @i PeEeivat t@RtapatBern
charging igncegsrhed at preset charge cycle intervals, such as a nethod

whi ch consists basically of constant-current and/or constant-voltage
charging with direct-gﬂrrent pattern 20 charging being carried out once
every 50 cycl es. v%e$ irect-current pattern charging is carried out using
such a net hod of—epnbiggl,pen, the passivating layers that have (Fprmed on
the el ectrode activé materials can be destroyed and the active materials
reactivated, thus enabling 25 efficient charging to be achi eved and nmaki ng
it posdi bl Ehecerssecpf the Boteeularechainhareerdppred vith| spegbfi¢ble to
conbi ne t hgypbeyeudhegct-current pattern charging with constant-current
chargi ng and/ or constant-voltage charging in a single so charging cycle.

For exanple, a ngpﬁo@°ﬁ§9lﬂélggédcﬁﬁigﬁ g&PPPE§doB BPL¥REreaLtREnt pattern
Ch‘;’}} gi ng uglyomog: yen3 eeiﬁhompact tyropArsdsvl | ﬁﬁBﬁhb@gl@Oﬂ_ﬁt:ﬂ@m;] - Clﬁlr r ent

and/ or con - t Lng., reqver od i ic

di fferent §%§€5?¥§Yn§?§€ gg%?% ggeggrngcgﬁ%iﬁé?Y%%rﬁn%E}%na 5%msingle cycle
can belscargledidol as phesetarhingemayerdalnerdvasing nathbasheneatalgstri bed

above. -52,r ByLEgLBYUabRaPaathtykar a charging nethod which initially
carries out the above-described direct-current pattern chargi to_break up

in
t he passivating TRfetotedarurkes P&r Aed@nonBt NBiéFeoR She aegwg YAhdedi al s
and el sewhetBectibenib awi 16888 twWo OpSéaBabLyl &0t 1846t 0O5igoNSh@NhoyPl t age
charging, it LS gg sibLe to %nﬁrease ﬁhe cycle life ﬁf %he batterf mh{le
enhanci ng Ph&*¢h SVna et PREFehey: MPEEGelS BY REKFHGUEBRHPENht L HEES of

di rect2ccurakbhopght £tnishgegenglhi phefiesanlgothaththgi totel fnumiseryof a
full chargg,eAnaRerachbeveolla lob8Eo1b! B0t NaPhl Sob SR T SuMbler o
constant-current and/or constant-voltage charging is used alone; e
above- desckppse TeFRecLivier enitpana¥rhechatgifgarpropelatecPyse@ e as t he

cha_r?! ng netERAcoAsNaBREHESHS £5CEhE0FYLR PLEPBEEL ¥sbahdevisSodmeye up of a
positive

required of the polyglycidol. The ratio of A units to B
25 units in the molecule, expressed as A/B, is within a range of
1/9 to 9/1, and preferably 3/7 to 7/3. The order in which
the A and B units appear i1s not regular. Any combination is
possible.
The polyglycidol has a polyethylene glycol equivalent
30 welght-average molecular weight (Mw), as determined by gel
permeation chromatography (GPC), within a range of preferably
200 to 730,000, more preferably 200 to 100,000, and most
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15 el ectrode and a negative el ectrode which are conposed of a
l'ithiumoccluding and rel easing material and a bi nder polyner, at |east one
separator for separating the positive and negative el ectrodes, and a

| i t hi um cont ai ni ng nonaqueous el ectrolyte. However, it is especially
suitable for use in 20 the above-described first type of nonaqueous

el ectrol yt éf&%%??%yGQ@t£8r¥03869fdifﬂetQVéPﬁgérmﬁiﬁéﬁihrj¢@§%&f’5%$ﬁ§use

such secondary ries do not undergo an excessive rise in ¢ age
even when OfiaiMeld bpopeeterablychat gbo 261 i &rdimoshepreferalhly ochvkrt? onal
25 secondafy, batteries, one does not need to be as concerned about the cel
vol tage clinbing when the above-described direct-current pattern charging
is carried out. FBREE, PEREMErAS eawpeénéarK?édteuﬂcétmathgher current

val ue xg (ﬂxﬁdﬁ@i@ﬁf %Tc@pp@ait%@mh@re@_@fwwﬂr%@imcwnﬂéh%@ﬁt @itdhg i__'@lﬁ%r&l) .
i nproved even_further_so.tha ar can_be carried out at a higher spee
than 1o pcREPErERP P ahvbeesbntd RELEn AF ) RS FEFF 8 HhpSa omaiding |1
possi bl e tmoketikvcana eapped ombth oyel erimére typé hel ancreocwvebenty batteries
havi . U I ~oxi di 7abl
subst ance SPYER. ienp SEESBEEN PrORTARShEThaL 6R $EME, TELBOERROIE B2V ©
reacti ons wh$abstbbeted morevalent hydrgyadoen ngrodss hawing hhritp nkQ

therehy Présphbnln RNcEXCER8LEE (LABrbAn' RO 4814 ¥AbLegPurkAWBYer, Lhe

cyclic redox reactions that Ise at the positive and negative el ectrodes
may under ger2ukshstytedpnensvaktent naydrogarpen t growrRmHabst@¥alf ng | ayers

formon theagbegsy PURS, Sind i eGIneES) RO VEs Ndd edd B rfed RowXAPI €,
when a battery is allowed to stand for a given length of tine jn a nearly
ful Ty charJBiie: SFEUPTherl kel anrn SEppRe end RROHRRCF Hy CORERVEShar gi ng,

sonet i nes gheufls. redox reactions wll fail to proceed snoothly and the cel

e WL rot1dUskRacaye COaRgNAE ol enbaLlHEELBLLACOEY O redox
reactions to proceea snoo h Y IS robabply ue to the presence of
passi vat i fgnsubetttutedimerovatentshy@rocarben apooerprivaviong kato bkl i 5

resol ved byagBé6nyi fc Pube t HEk Y r&f&ﬁ%&”é@@ﬁ &@trﬁéﬂ%fhaéﬂwﬂ @M@h of the

j. ’ ’ LA
invention, That is, in cases wWhere the above-described secondary battery

havi ng exchkFPRRPPBY er ENBWEY h@RPaPRRERE i SRFYY FEOWRRreeh 125 PRV} andl | v
charged steéBylsugshadRyd GHaige 2echaRachéyzel, ad1k&mst s 60%erangk a
cell valtage o abOﬁt 3.8 g'qﬂ gPre% if sufse uently all owe %o €La$d for a
gi ven 2%eri oHot - pRPAPRY 18T ¢ 5P 0" BT ARG F s H Gt i°s ed 1%
char gi ng, hydropancatemschgvetbeandesbstbtetedtwl Hasthaldgen cdiooms ng i s
reconmence, r i C | t 5 bovg-de i hed
direct-cur?%%%gp %te %'c ég?n ln@%ﬁ%ﬁg ?# ?ﬁ%nﬁﬁ%%e- eéc#ﬁggdﬁﬁéﬁggueous
el ect r ol yt€oBREtRAELPY Pht TEP | @5 MALe nef elleese ehYPoY P& IGF QPR may be
characterigéégs, it suffices for the el ectrode oxidation reaction to occur

at a charge capa itg mhigg ig at | east 100% so of the rated_ capacity.
Howevér, to ensuf8PPHBY; LP&dh¥dpa%YLy 95PPReOBaf el §POKE PBLYPPELCt he
el ectrode compatnds (@actoofc) owitkehpghale polsticdulss tbyudiiod inereases

reversibi |ty Blakbecaciiyg PRISTLALOGRLF0PL: CUBIOIL SRR ok tulg prefera e

{ ettt i
for the el ecirode oxidation reéaction ?o ari se at a char ge Capacity of at
| east 150%0kgmexphatndd. ablove, makingariyipgseilivle ¢ veregnectheurrent

pattern ch@édifife PLRCESRALEL WL EP FRISKECHLAN L1y 4rises in a low

30 dielectric constant polymer matrix due to the recombination
of dissociated cations and counter ions (anions). Moreover,
when capping is done using substituents that have
fire-retarding and hydrophobic properties, the polymeric
compound can be imparted with desirable characteristics, such

35 as hydrophobicity and fire retardance.

To increase the dielectric constant of above polymeric

compounds (a) to (c), the oxyalkylene chaln-bearing polymeric
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charging patterns have different current values in accordance with the
nonaqueous el ectrol yte secondary battery chargi ng nethod of the invention,
el ectrical energy is used efficiently in the chem cal reactions, thus
enhancing the 5 energy utilization factor during charging. As a result, the
charging efficiency can be increased and the tinme required for the battery

to becone r n r VEIy g |l ayers
that have % hegﬁag ?ﬁz g?eé??oggg gﬁgsg?gggéggegac §€§x éé?g}tgarg
destroyed, czmpm;ndngm @spbesrfBbethe hipro¥glt geoups| enbiiResefPel@heyief t he
battery andompehfasewl es ﬁiéﬁi?agsﬂafh§ﬁ9§éﬂté&ﬂ@ége cycle life. EXAMPLE 15

Synt hesi s exanpl es, exanples o he 1 nvention and conparative exanples are
gi ven bel ow to ndd&hoyahy they hdohdie PoRer] FPERLISHENERduSLE ABE Tthignded to

limt tshe paepesthar8ohot aeb§uatheslanﬁxgaﬁtgc&1£%epﬁmﬁta@ﬂo@f ﬁ@mwyanyl
Al cohol Derlvatlve A reaction essel e

stirrin
Charood w PHBStLEReRth At BReteRaRtes pn bPaLr atbs £t Eheh ke EEFRRLarY
polynerlzasubatlﬁﬁent3|myblaaeobubstmaatednand98ﬂ&ub§612ﬂt@armsn@vanemght

part " by welgiroBRred BEbhBs 4ei §. 9810 caFbUR"\ Bha i fcp-BrdbbEL O O 1O
gradual | y &dhededndBt’ sS|a6|dgf1aEﬁeawaedh sifr nengseasyconabpied may 10
hours af 22160 B8 I?Eﬁ%@ﬁubhkngi X%Hﬁ@r“%ﬁ19§ﬂ%éa&hﬁ?@i%ﬁéﬁt@“ such as

i on- exchange resin erli uce Organo Corporation). The
i on- exchan8®iRespRoOWAS 9&palkyiamane B?OPPFtratlon after which 50 parts by

wei ght of aceton@dW@%n&@&e@ougmk&qcs@bmbb@ﬂd@nqaqthlmaqlwgkﬁ natter was
filtered 35 resultlngFacetone sol ution_was ced | yS|s

hoby ana { REARBDBABLE! BROPEH P aPanELRe. Bataroane: nEhe navarml
preci pi t at gdoupshon the dbalkgspselgmebianeompbundswasy-bé cappéﬂewiﬁm and

re-di ssol v in ne esul ting,soluti oW, ng
whi ch %ﬁe ggje:t Sﬁg&&ag eeg]:o?’apeg% ‘E"F El \‘/##g %Po'ﬁno{ﬁl#u frgoR +%/vé|{\ényl
al cohol dedefanedeabsvii hydpbnyphgruapcabtonpingngmaspabserved in the
infrared absorpth&%m%ﬁ%%t%%”%%ﬁt% % ﬁ@*ﬁﬂer g@ﬁ%¥aih¥fud809ﬁb§81fﬂ t hat

all the hydrox% roups were ca e yahoet r oups ratio,
1000 . 1o ¥phfheBi rEQ&ﬁﬁP§t§ b p&P@Pl HbSFl?HéﬁﬁDBFa§PFEbPBF§H hane

Rﬁsin Q r erR6hovatgHitPREErvehRbansShirbupE, havihgr M0HEBt €0 aaﬁbanﬁpndﬁ@ser was
char ged w

th 64.34 ts b ht of ted gnd d
poIycaﬁ%olBE?gﬁﬁaaﬁgai(%Pa%cgg&gﬁaﬁﬁ ngg 528?153%y95§?§ g%ﬁeﬁFEﬁPS
| ndust ri esfokt dlkyandrag8ps7 partalhylamlghtgnbuﬁs4 andpaspgtiel hpne

d d and d und t f
ni Crogen ot 1306 AE bR AEQUbEY| AEtCREEREERTy 0o haris by wel ght of

1, 4- but anedi ol w@§Q%i$9¥ak)ﬂﬂ@@D%Q@t@ﬁeSﬂﬁGaPé&cﬁpbﬁtWégeﬂﬁssFﬁpﬂaﬂpy

ef fected uaﬂ@ﬁoag§bﬁ§§n1aikgnamﬁaengebuﬁaOshdVﬁﬁasﬁﬁsrﬁsaéahealﬁfaghed the
poi nt where the product becane rubbery, it was stopped. The product was

then r&movaHOPPSm the reactor and heated at |00C for 12 hours. Once the
I socyanat e gr oup Tales @rpipoart ijoda o fnvah dc gbupse dappedawe t RS tHesappear ed from

the | nfrar edn3P30L8hLAN: SPEE! AL (NS b9 05 SEERRTy XiChILOY B058bid

pol yur et hané resin re I'’ng po Urethahé re average
and most preferably at least 90 mol%. It is even poss1ble to

cap substantially all the end groups with the above
30 substituents, representing a capping ratio of about 100 mol%.
The above-mentioned cyano-substituted monovalent
hydrocarbon group-bearing polyvinyl alcohol derivative (d) is
preferably a polymeric compound which has an average degree
of polymerization of at least 20, which bears on the molecule
35 polyvinyl alcohol units of above general formula (5), and in
which some or all of the hydroxyl groups on the polyvinyl
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nmol ecul ar wei ght (Mw) of 1.71x105. Eight parts by weight of this

pol yur et hane resin was dissolved in 92 parts by weight 30 of

N- net hyl - 2- pyrrol i done to forma pol yurethane resin solution. [Nonagueous
El ectrol yte Secondary Battery (1)] Exanple 1 35 Production of Positive

El ectrode: Li Co02 (made by Seido Chem cal Industry Co., Ltd.) as the

positive electrade active material,. Ketjenhlack EC - 56 by Lion

Cor por at i c?n])c°a*§°ofh‘8”c%%o%‘”c‘? i SO & ,WJB%} MW?%’E&’TH%&‘? de ( PVDF1300,
made by Kuresiwva et daydrtochshory giooypdid.) and the pol yuret hane (PU)
prepared in Synt | e . | We! ' f

100. 0: 4. 35: 4. 13: §S§é35f52§%2%t P\g/%%,ég %ﬁ‘eﬁgrg?ésé%ﬁvfé‘% o‘?é%{‘g%%ér)légaslg%%t m xed

i n N-met hygide pshains doviee (WMTOSHELY ohdihes eleciqgittearan (@ fekd Uy

wei ght gof 1i{n02%pspduced by Wako Pure Chemical Industries, Ltd.) to form
a slurry. The slurry was applied onto an al um num sheet 10 (thickness,
0.020 mm nade bYXARPHSSH ¢bi PURKBNDPLYRGF | ENRRUNds t HnGlude PP HYYERY L r ol | ed,

ang cut %&%mpé on vﬂii&o-&x{a@ i zldxiwtaf aatihanan ﬁ%ﬁm&?&- 0 m
an . 0x270. 0, gi ve. posjtive el ectrodes. E|ectrodes having a weig
o0 0280 HESI Ao T iR AR L e QT A e G e uoad

CP:LOdUCt : omﬁrd\@gmd o1V egfdb@sd r Hakeh Msw&rafetl r(rjg}x:; abeattsh drmde dlzy Gsaka Gas
em s Co.. .Ltd. s the negative ectrode. active terda nd 20
pol yvi(i yl i GE °‘??%‘%¥§'e (&m L Re L YRS L e 1, A AR ?iys Co.
Ltd.) werespecthlly prefghted dtecawde 1) (5i8le/Gchaigspents adlort .t hen
di ssol ved or di speeseHsaRoh<REchBabMRey 184 d0B8 £S Mol g Pete 100

p s? t 2 %

parts by meight of nesophase m crobea o forma slurry. he slurry

was appl i W SRR EoPRRPT 1 thei Rehesknyh pherhad wde by Ni ppon Foi l
Manuf act uréyh & 0subdt Sruded Meonéva Bsht ') d@sba@ish Ocz_:&,y.tzo?do;ss.di mensi ons of 50.0
X

R B T R E RN E AR R P S
was for nedyweatnbtine ngos i wé And mogeiei o s léstrades tamiiechearebyt wo of the
(Tra0- 35, s B¢ PRt I it 8 iR o e AR B e,
to di mensithe appibutPxel. themelectrolyte to wet the separator, the
nonaqueous electrolyte may have added thereto one or more of
20 various compounds, including polyimides, polyacetals,
polyalkylene sulfides, polyalkylene oxides, cellulose esters,
polyvinyl alcohols, polybenzoimidazoles, polybenzothiazoles,
silicone glycols, vinyl acetate, acrylic acid, methacrylic
acid, polyether-modified siloxanes, polyethylene oxides,
25 amide compounds, amine compounds, phosphoric acid compounds
and fluorinated nonionic surfactants. Of these, the use of
fluorinated nonionic surfactants is preferred.
The positive electrode in the nonaqueous electrolyte
secondary battery of the invention may be one that is
30 produced by coating one or both sides of a positive electrode
current collector with a positive electrode binder
composition composed primarily of a binder polymer and a
positive electrode active material.
Alternatively, a positive electrode binder composition
35 composed primarily of a binder polymer and a positive
electrode active material may be melted and blended, then
extruded as a film to form a positive electrode.
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- 57 Preparation of Electrolyte Solution: A 1.0 Msolution of LiPFb was
prepared by dissolving Li PF6 (produced by Kishida Chemcal Co., Ltd.; 1.0 M
solution in ethylene carbonate/diethyl carbonate = 1/1) in a mxed 5

sol vent of ethyl ene carbonate (EC), diethyl carbonate (DEC), propylene
carbonate (PC) and vinyl ene carbonate (VC) having a weight ratio of

100. 0: 115.9: 26. 1, '
fol |l owi ng |ngred?ents ? %3é§§§ﬁé¥gg¥gdg§r ¥h839%ﬁ%£08a pg??§§§§6%£§ght
of each i casedyrinli gne presdand @]apl:bca)mm ghtForf wanmlt&ylléﬂfewmmme in

the sol uti 1057% (Pflh%vméﬁl:m@ﬁf é‘%ﬁ: éigfi‘t}%é(@lrﬁgf 1 hPHHES) %SCO

Exanple 1 esters amur a Chem cal .
Ltd.) M2 m\%n@fh%wfgmul@ BERIW w(%umm&wai% to BYW. did TVPT
(1] Meshacs vt Aldrodd1 indP Naténta?, Zor 3 chirhh A Lhires luie| o anita i | )
(made by Wako Pure Chem cal |ndustri Ltd 1.778). The above

const i t uerRELYREES 2F r FeReSnGT hi 3o f%:*orn1a nonaqueous el ectrol yte
solution. 2o Ba'[‘hérys.bBKr@dltmTeIImPl'EhQi&b(i\e@1®| €a)r dlag ea sobeld limg vmtmur ed

into the el ectrode ropfabr cat esc e Ove I n

equi val ent® ?oé?%eér %ﬁ’ f%?m % Porm Jh% e % "fbr%e eb%r%ﬂ“b ("%0%9 volt). The
el ectrol yteange |efl 2S@cto o&i@OQropmeﬁmamlsytm tam iRt -t keastunder a
vacuu of o} t a secondary battery. Exanple 2 Aside from
addi ng. 1. partglglﬁm%#)%h?oo#U?%e PVA so prepared in Synthesis Exanple 1 to
100 parts by wei ght of ethylene carbonate to forma solution (referred to
herei nafter as "sol uti on AWgjghtinxgrags ph$wolienltherimoplagtiaviesin afthe NK est er

M 20G in a weight ratio of24ldudimmerdionsn plgctrdipte selstibn atri2P°Ri Xgure as_t he

el ect r ol yt Swelingtratém(%h=s proguced 1 The a9 way
a5 in Barple 1 55 Exelldr Bug “@lﬁl%@@{y &@“iﬁ P RREPERGIOTor ot | on
fromExanple 2 with NK estlgre@t‘;o‘yffsg fl g of 100:1 as the

el ectrolyte solution, a secondary battery was produced in the 5 sanme way as

in Exanpl e 1. Cofnar ahérmoﬁxaafphe i:eé\.ihdmsfpnefasabgysaltjhénmomasbm:

Exanmpl e 2 the ele | | uti e

proggced |xg$i3g§%%eh§§%er%%ma§“g %‘gn%’?ey%égﬁ%nia%rﬁwcfa% @on ary
batteries Vpxtidmeplolmsheyab@m eqppehind @mdtal_e dmtfmabnclawnt@etender-
conpargtive exangl,@¢ahhg @ﬁgt;msggagm P83 Eétﬂs a e ﬁ&%ﬁaéaﬁot

capacity of the positive electrode active terla roma 15

t heoreti ca‘Pn%YépB&lY‘flr%FhTBq Fedlps vitenlng upethage t#@lﬁﬁ%‘dayb?‘éaﬂgﬁ%n

polyurethane-urea resins having both urethane linkages and

urea linkages.
The polyol compound is preferably a polyester polyol,
20 a polyester polyether polyol, a polyester polycarbonate
polyol, a polycaprolactone polyol, or a mixture thereof.

The polyol compound has a number-average molecular
weight of preferably 1,000 to 5,000, and most preferably
1,500 to 3,000. A polyol compound having too small a

25 number-average molecular weight may lower the physical
properties of the resulting thermoplastic polyurethane resin
film, such as the heat resistance and tensile elongation. On
the other hand, too large a number-average molecular weight
increases the viscosity during synthesis, which may lower the

30 production stability of the thermoplastic polyurethane resin
being prepared. The number-average molecular weights used
here in connection with polyol compounds are calculated based
on the hydroxyl values measured in accordance with JIS K1577.
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LiCoOz -~ LixCo&Z + ( 1-x ) Li+ + ( 1-x ) e 20 at the positive el ectrode
active material of the battery, and corresponded to a charge capacity of
100. 0% (about 36.0 mAh). The secondary battery was initially charged to
1.50 V at a current of 0.01C, then charged to 3.20 V at a current of 0.05C
25 Only the secondary battery produced in Exanple 1 was subsequently aged
at 55C for 2 hou en.at 80 0. m e iy e

gelation. In eac%E%Qéﬁﬁﬁg}Vthg%é§?8$y°§;gH%héﬂigh ?gg§§%9%08§ﬁ$é%ﬁ&

char ge/ di stihalyie cyromatieadhisycyanatesisu¢mpoft@ylene diisocyanate,
constant - curx er : i ta, ¢ A6 i # 20 V
and a currg'n% %%@?ﬁg@éBﬂ%%%gﬁegﬁ%?% ?%;alé}{c%n's_t azﬁ%éu%ﬁa '

di schar gi nh- atnaplporyieng @lLiseeyanate aapd ofylene dkisepianahe: #nd est .

This vas fol{onee: HYor0Rs] 8pE1 £ d LMol SehEd 88dh b Hetdek ripLdhe t hus
pl aci ng 35_t he sanple batter%oln an_initial state (state of charge (SOC) -

0% . -59 A¥hzopvanateesifeporers ¢blreeydnat®rent charged at a current of

1.0C, and 4hei ra¥oytBPReRPUNSLIADE el EEPSF At e hadaw dfSgerede@xam ned.
The results g}r(%)sho‘ﬁm in FIG 3. As showmn in FIG 3, the secondary battery
obt ai ned i P hIFORYERARD e 1 experienced rapid rises in both vol t age
and surface tenp&hat cheiaf egtepdesi hg prefiargblyapacity of about 170% By

trast . ) {es ) , N :
Covention SoFRE1ECALER RELanE HotgomEMadind 4 Mol SSPOIE a0
charge capeettmore 10Bap 300tand RRIHIRG rtwe Mmchilve Mdregen) afdrgt in the

over char gi dgpawh 09 £8BEH! £q (WOVET 1 SHPPANATe BXESME, 4 IS A nodul e vas
produced by connecting in series three of the secondary cells produced in

Exanpl e 1. This ¥834PESWKBOWRaFgBROVBAENERYcPLaBSRRt §S =S¥8B% at a current
of ﬁ OCi | aI@ﬂh@éheé@EagDﬁéight’%%lﬁﬁl&J@@sh wel 113&%&% texganpedvi or  of
each ce wer xani ne ri over chargi.n e resuljts are given in
mra 13 actReEnE TR Rt GHalS, AU i ent TRt ot el o
about 13. 8glyatl aamdhat g2-prppanedicl psardematilOlr tdielopelidce ddxdlsgaich
remai ned at tfe same, l evel and the individual cell voltages remaj ned, at a

| evel of 428 to%7P%s (PoRYLeoXyetRehy) Reptsified - e oBar AR M 1 egi on
stabili zi ng, i du I ggpll dul e
was pr odugtgld; L@%%nec??ﬁ?*Xagée]??%%k}#aeggbf&gﬂ%ﬁ%ﬁséé%%lgxary f%??@iﬂ@
produced ieitMpténhedl@rnine| chSxamétlsy hemed tamie cimd godly kendtttayei epaci ty =
250% a r 0 n | t Fyved# as the
vol t(:aggg be%g(\i/i%{rﬂ%_ aéeg%ﬁﬁ%% I&M%I?eg%%énfgée%f [ ngﬁo(%//ée)'r cf@%?%. e

resul ts areeppirptiong| ef two3er more ik thess @ay beritged he nodul e vol t age

had reached a | evgt @he2heplad#id NModyudethah€CréaPacCtyyichose to 100% the
modul e voliggfuéggngngg §60t8§r§gn§ylﬁgfghévugﬁ E%fé¥£rably 20 to 100
parts by weight, of the polyisocyanate compound and 1 to 200
25 parts by weight, and preferably 5 to 100 parts by weight, of
the chain extender per 100 parts by weight of the polyol

compound.
A thermoplastic resin containing units of general
formula (8) below

‘f ICI— (CHy),— 0‘]’ ®) ,
30 0 5

wherein the letter r is 3 to 5 and the letter s is an integer

25, may be used as the binder polymer of formula (I) above.
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i ndi vidual cell voltages remained at a level of 4.8 to 5.0 V as charging
continued. Hence, an overcharge region stabilizing effect was observable in
the nodule as well. 5 [Nonaqueous El ectrol yte Secondary Battery (2)]

Exanple 6 Preparation of Electrolyte Solution: An organic m xed sol vent was
prepared by m xi ng diethyl carbonate (DEC), ethylene carbonate (EQ),

propyl ene to carbonate (PC) and_vi nyl ene carbonate in a mg 9? ratio
of 50:35:13:2. LPPREeRASIdP¥EBPIE] Pﬁe#éPﬂr?BOéY%ﬁc’éﬁ PELROR bEXAMto form

a ngﬂaqgeousal €|tﬁ£jﬂl@éyﬁ§e§0éslttl@él bﬁlﬁ@@ﬁrlﬁélﬁﬂeﬁflrﬁimé %gct;a;ﬁqmmh dﬂe on: .

is e fo |on tr ed c ong were mxed in e indicate

anount s: g%‘%/\g ghYll@fpr Y%t Qeg%ar WREH AT (the NK

este;09$%nmﬂ®obyméhsn(BbVDhHMEP[hemm@awlﬁXH;dénei nunber of oxirene un:ts
acryl ate

(the NE esbaront g SRLEEb L ROPREMRTINE Yo Enfials (e G ol [0

oxi rene urPf sthese, aﬁHUQIQnobﬂmeSSbWavkm@h@ wﬁnylléﬁn¢nﬂkquxﬂﬁuﬂpntent

tri met hacr r Te gﬁgg Co.

Ltd.). hbf%éa%E iéQEt“%beéff h%ﬁé; t leV|nyl coho derlfgﬁ%ve 25

obt ai ned .mre;‘@ame@r s ﬁemeeq %«HEi%thedtl?% wewibiséqrse dflydrelddove

m xture) yeshebne @fpfﬁgeflﬁ8f@§§1§m@ﬁ 1§ﬁmeau@agism@w wei ght of the
resul ti ng pregel

% ion was nlxeg ﬁ Eaé% Py melght of the
above-"Jescri bed ABfa Gég §-BVEreps Preesplari ¥ald
Azobi s( 2, 4fﬂm®9®bglyméerbglmétle&bj@cﬁ p@raniwpammxﬁuhaNWEumﬂkkxhdmnthe

| ti I P,
posi t1 ve e bibyad. hd' RP R STt e MOLSETER M S L SR, sei o
Chemi cal 190Qs00§ ©o.2,000.9005 amd mmsttpmﬁfeﬁihiycﬁQQaQQQv@DnaterlaI 4
parts by wei g8§ @b KetTS&‘bié’&kaExgeié‘ﬁfiﬁa@é(ré# f%cul&?rspé’{éﬁtqm as the

conductive matefi a . arts by melg c&‘%i/urethane resin solution
pr eparéd |ﬁe§¥%Fhé%|§nE&§ﬁﬁ$%1?e e p%?tEhIﬁ# FHETRIYBI yvi nyl i dene
fluoride (PVdFlBQQe meetweKenebar@benbﬁ_akehﬂdeslwcﬁer mhydbé meae 5

di | ved t. of 2- I d 38 t

by wei ght B @ nebFbaRle mRERE n  uch e 1t an fe Pl e finun? PATES

N et hyl - 2t pyan bbm doten el em sot rnbckehd rﬂ)ﬂeﬁxém@et&mmimmlf‘@ih guaste-1i ke
Cti . PR |

Composi 11 ohi il SKBAECSSERPEs dofber ARy MRRAFe® 800 DOF QAP0 (1

t hi ckridss meﬁomynee m@ cost . ThThisecureenbyeel kgctonowry lm wled nh at 80

C, then roéﬁ%paesewﬂoug eofrhgckﬂﬁéfu&inéofém XS4 FdWa Ghet 410, asrmtl ve
el ectrode Production of Negative Electrode: N nety-two parts g wei ght

of mesophaf®ahi c¥eBLadeT (AiEESelinmemsl ona Sl ir e RiFR A3 TRt L1 d.)
as the negative ehecpbedelaet elechebdei attand MmAtepLlas by mlghteafas

L) ver cHabEabEhe  RobotBG, TP, SR Fabety Tt S frad it ni
80 par2ss bF,‘«xmpghs ef poeitivel elegtsodetacni eednaieptals Hyatednmt of
N-net hyl - 19¥££9%éd€85 x\i‘é’éelﬁ“cﬂéeﬁ b 816l V2 Xefk d OBSAd &S s Q1 V] 101 @ PaSt €- | 1 ke

negative e ectro I nder conposit
secondary cell include group I metal compounds such as CuO,

Cu,0, Ag,0, CuS and CuSO,; group IV metal compounds such as
TiS, SiO, and SnO; group V metal compounds such as V,0,, V.0,;.

30 VO,, Nb,0O;, Bi,0, and Sb,0,; group VI metal compounds such as
Cr0,, Cr,0,, MoO,, MoS,, WO, and Se0,; group VII metal compounds
such as MnO, and Mn,O,; group VIII metal compounds such as
Fe,0,, FeO, Fe;0,, Ni,0,, NiO and Co0,; and electrically
conductive polymeric compounds such as polypyrrole,

35 polyaniline, poly(p-phenylene), polyacetylene and polyacene.

Suitable positive electrode active materials that may

be used in lithium ion secondary cells include chalcogen
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25 The negative el ectrode binder conposition was applied onto copper foi
with a doctor blade to a fil mthickness when dry of 100 ~.m This was

foll owed by 2 hours of drying at 80 C, then roll pressing to a thickness of
80 ~.m thereby giving a negative electrode. 30 Battery Production: The
positive and negative el ectrodes fabricated as descri bed above were
respectively cut _so that.the size of .the positiyve electrode. actij mat eri al
Iayer-coatgémB8PPaan08Pa§ e R B8§$PF%§ge$%§tF%%%a§%295;ﬁgﬁ%ﬁ$ %%%Sthe si ze
of the negabdvéitheutr ade-aeohtadnimgechalcoggrrcempoendportion of -62 t he
negative egfﬁ%ﬁ?ﬁﬁ-@@ﬁtgiﬁiﬁgéaaﬁﬁ%eTQk§d$@§.done in such a way as to

provide the positive electro an area’ not coated with the positive
el ectrode acti ve Exempdies ofasticho ciuadeodent kempeyadsycaprbder 8fe with an

area nqf CSBEEHd?np‘ Eﬂdt Pgleﬁgﬁh%vfiﬁ&ﬁﬁ\ri’gﬁs aghbyQqgeFEs| alpi gexiosan
alum numtermnal Fead was resistance-wel ded to the uncoated portion of the
positive eVedtr Je®:afBdaMPPekel terminal | ead was resistance-wel ded to the

uncoat ed porti 0n_sy‘eaiffqdlmth%seloQCtlﬁQ@L&umTEienp%htthmm@dcnamab'guﬁ io
el ectrodes to which t

ri nal | eads, had been attached re then vacuum dri ed
ot 1400 f oPOTBOHBAPS  THRBLAR SN bBAR LRgetaHBL ikt To8) of Bel Ponek et
st acked tofgeMher, viliNn @), i biMs \0gni DYVRI, | DiNSe, saphrlat Nd Mayd,ngwheraiokness
of 30 n gngd_a rqsi f - 30 Ve NLpp d 145
Cor pora ioﬁ)?saﬁggtﬁg &égglpgﬁailéggﬁg g %%gggg? e%%%@ go?ﬁ?aQ?F%%%éned
el ect rode badganghe,clkétandum, boyomdump| varadiumanabimihvwnm timi nkeadcase

with the positive electrode and negativ | ectrode term nal | eads energing
fromthe pBEPt?%Ecéng'hgg§t¥v§ kofgfe%? o@eg,sé%dst%65¥Erninal areas were
heat - seal ed. The 1l eddialiyne teOHheS biinderpirepahednds tiesposhedvabove was

Vacuum ' fobFBRERBaRNPEN 1P RoT A BAL AN AAF hAPS BASES aadf hAACCSEATLY. Life

bat t erys wabisdbsequmpbkytheat édrath@5p68iCivereebbuodeamdyain@budfor 0. 5

hour to ef feg Qﬁ!%&bggriEﬁiigbéloMbﬂﬂgé @99@95&995 fhf§%£95¥£€esecondary
anpl e tery Pro 30 A t

battery. Conparative atter uct1 on: attened el ectrode
body was pP¥aupégsasfi fhexsapiuctivensatesialolpchudy Gazbpnaeeackn an

al um num | geitRahB16@Re WekRyiBRePBIhEkYecaIrBEAM WHEsRBHs NCgatby £1B6Es pde
term nal | eads eper |ngéfron1the $o§|t|v§ and nggatlve el ectrodes, and the
REOLL fy ) R

term nal aPB&YT@®er 8 €edPEdar¥hEissan ofugRRbE. el ectrol yte sol ution
preparad i n ExamThe bosds ipeued@dtiiodet handesukbmposdetionasyeibh}lgnd

et dpbISRERT 00 5B LGP Tbabek: B A8, URL b ACpBLLELRTY, et ©
battery. to 3,500 parts by weight, of the positive electrode active
material and 20 to 500 parts by weight, and preferably 50 to
400 parts by weight, of the conductive material per 100 parts
25 by weight of the binder resin.

The negative electrode used in the nonaqueous
electrolyte secondary battery of the invention is produced by
coating one or both sides of a negative electrode current
collector with a negative electrode binder composition

30 composed primarily of a binder polymer and a negative
electrode active material. The same binder polymer may be
used as in the positive electrode.

Alternatively, the negative electrode binder
composition composed primarily of a binder polymer and a

35 negative electrode active material may be melted and blended,

then extruded as a £film to form a negative electrode.
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Conparative Exanple 3 5 Battery Production: A positive electrode and a
negative el ectrode produced in the same way as in Exanple 6 were dried at
140C for 12 hours, then stacked together with an intervening polyolefin
separator having a PP/ PE/ PP three-|layer construction. The io resulting

|l am nate was coiled to forma flattened el ectrode body. Next, the el ectrode
body was pl aced EIF‘ an al gm num | am nate case With.the gosi ti vg el eﬁtrode
and negative el eCPPoBEIREL¥ENGLEFELGLe eﬁﬁFﬁf“ﬂgA FPOMEERRT pBaY  PSMafa 15
negati ve edbfcarsdiesabiadnaberial nsueth @ easpper £ dieainbesd edtedhe

el ectrol yt o] areg.i np, u sul ting
cel l assen§+ggrg%%§|%’r%rlgjg§}§ gd tﬁ%r%%%hd%‘?pée%\gé%ﬁ%éfdﬂ@%\f#ghg "ligh he
al um num | wrtsat sucfisee was tewtredawith arrmom:r eplairg stibbegient | y heat ed
at 55C520 §0he2i DYy ?fgge@%egobgiﬁoinote éékf%]ﬁ%ﬁcéﬁ%ﬁﬁ'égbtihereby
gi vi ng a nonaqueous ectrol yte secondar atter e nonaqueous

el ectrol yt'Ehgceonbeny @au@@g@g B8R Qi Py "Pfh xRy 0B il CHIpERERS ve

Exanpl es Zlﬁéﬂuél rﬁoﬂfasé&dﬁgné‘é@ heed£d avedescrodifd MG PW.odhe results
are 25 given in les 1 an Measurement of Battery Capacity and

Ta
Energy Den&it¥§e- %Hée%%h%ﬁ%%o%r‘é?%‘&??ﬁ%lé 32cdMBYy batteries obtained in
Exanpl e 6dand Compéeatinle Exampmayg Beaﬁdga Wer endonegasiast etdecteadechar ged
at 25 anl ns 0,0.2 4. 2.\

subse&uent?cg%%%s'f‘éﬁ?rﬁgr/JaIg%l‘&‘ﬁ %@ﬁgf ?ﬂlo%‘r sq}ﬁg Bgﬂae]flagﬂj%re t hen

| eft at resarbonadeousumaterbaler amnIcthe h@qmevan@t@lr.’s@lmr@dth@@ cut - of f

vol tage ofpy %nglé/né‘& BQstéPttﬁéngb‘é:[@Ne Oéleégprf@i ge
capacity and energy en5| wer e neasur oa
Characteristics E§§tﬂp1¢ﬁe0ﬁoﬁ§é|@éb&§ glkaliometals bﬁéﬂi@? bhﬁhé‘#mes

obt ai ned 'é‘o@%@rﬁpéﬁdﬁpéﬂéis%ar A Ay rﬁ%féén@f esu 2t e 3a3!!@5191. metal
constant-current charged at C and 1 vﬁy’r %WN cni: corres onds to
1

0.20C) ¥ 4351 Qﬂsaﬁﬂcéﬁﬁ%eﬁ%'éﬂﬂ’ycc%gpa?ﬁ e Ich:ﬂ%ecplfcﬁ‘ HMNhours. The

batteries gedtuhhenalrftand nestnfor 5 minutes, after which they were

di scharged to a gut- Oﬁif volta tog 2.7 Vba a consta@t gu;I gfdGOO mA

(225 mone; cor FEEBBAas B8 265 tahke ¢AEoEBPePRE bR e LA taoRro8o0 m

(1C) with gesplettetocdrbcﬂmbgeclat qacenﬁgxﬂsﬂﬁ)camomowm abiters,

percent agean§ 3% 1V fg@agggl% é&tffém §§%Sof[€h e Overcharge Tests 15
tai ne

(1) The secondari atter |n Exanp was subj ected to an
overcidrge test &R 25(‘;‘15 dup é@ﬁs?ﬁﬁ?neﬂFYeﬁﬁlbf B8o i"rﬁ nade af/ @np;

corr est)ondg%%gril@i &Eicﬂpr%@eﬁsﬁb{)ﬁ%écl@'és Ngéhd hﬁef?]@sé'@ullﬁt?ﬁim (f&ﬁél | ge
capacity, seconqaar a l e agd a naxli mce
Coltone 20 o1 4. $3R0oRRGoR IR RaRLEhE s hBAE) BABeba: HPSToRs 49060 &(5) The
secondary haté¢rigl obhalude non Egpaphtt Hzalake smm;lmmmmm amtmeta:lmragmit est
For “up o SpERte hefiiafsl Dopdefble MdifpredTidload BHORKNE 0 00
the s&fond@@yPemttepkei he E&anpplat@h heeke rm@cmﬁn cote, \Reirglewt aRks) v and
a maximm §i='éf>l@£€e§en§§%. dyr@a%oés? 8k rd @) oddn € driAth S er ot i ned
e

i n Exanpl e was subjec to an overcharge test at C and a const ant

current of %@be%a%§ suGhy 3fpPhenel s $ o°11C5u]F‘?)‘?‘ :EﬁEFJt’b‘J Jhat nqRr s,
During theb&eh- da@nboﬁgséd(bjnafgﬂﬂ@p@sl&ysuﬁme témpeeLoncsy y dwtbeny in

Ex | 6 98 V f
ot ur e fs TPRhA L Pl O S 8K 17® Sof it rosl RO Lo ot ve

Exanpld® 2 matesid] ectapabbe anf on@veimlgbytmlmnﬁ(hmw@lemﬂMQnt 35
current of; 600; i {Sne, MAEMFA1LLQ SEERRIES {0cH As T8 194d Q1ene and
polypyrrole, and oxides such as SnO,.
If necessary, the binder composition for the negative
electrode may include also a conductive material. Examples
35 of conductive materials suitable for this purpose include
those mentioned above for the positive electrode binder
composition.
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2.5 hours. When 2.1 hours had el apsed (charge capacity, 2100 follow ng the
start of the test, the cell voltage -65 exceeded 10V, the surface
tenperature exceeded 100C, and the battery ruptured and ignited. (5) The
secondary battery obtained in Conparative Exanple 3 was subjected to an
overcharge test at 25C and a constant 5 current of 600 mA (2.5 mA/ cng;

corresponds to 1 far tao 2.5 hours. 2, : d (charge
capacity, 230% &%Flgﬁgﬁsiyﬁee%Fgnggé ngﬁggngmpﬁgigépﬁ tgbggégg Exceeded
10V, the simntagéesehperboute7efcpadts nﬁ0ﬁ¢1ghu t dmed bpare £eyab Lyt W0 @dtand
ignited. 1 2 | Schar t t [ o) us
el'ect ol yi b B30 ohaEE S BE a1 gRE L B e N e e e
overcharge@ahﬁraaéoﬁgﬂaﬁtt@u??eﬁ@rb$ BEOWﬁ¥QQ 5ﬁ%¢VEﬁ§?e%ﬁP¥%s%oﬁ@s4Qo

1C). Fqll s 1B t@@l&ﬂg 0$f0¥§éCE@ﬁ@uéﬂlvéhﬁa@@%i&IYp&@Sl@@Sﬁﬁﬁfge@yt0 a
vol tage cut-off o? 7°V at _a constant current of 120 mA (0.5 mA cnz;

correspondge%ShE 9@3th?halﬁﬁﬁEhB?bﬁm%ﬁpaC|ty at this tinme was 487 mdh. The
ratio of the di sghar gboe‘z@pa@sbmbu'aeneghelbat beeytwodedbsnbarged at 120 mA

0,
ég|fgae?;;§§@§%§$ g&ﬁ?a596”8b5381526e ec roggag naé¥%€5§%£éféigﬁgle 1

IoadSeparagenEkamlyohyeenapdcihyﬂhesfbymhafaatpaste|aﬁtﬂﬁhﬁmdﬁaddi@@&uanple

2cel | Noscaf chi arPE5ebad g0 4 Lot %%%%2@%9#%%%?5%a'ﬁ?&faymcl% Smer gel
541 274 68paEaan§bévents6sucrra@seNﬂnerbehArgﬁrrolidone (NMP

testsDisc héiﬂ&éﬁ}éf@%ﬂﬁ%ér 9&519891%&9&5‘@4: artiié a8RE Ak £y CHPREARYde .
aft ercurrent capaci t yvol t agef enp. af t er over char g %

)overchargTH@(@éFPeEﬁﬁﬁﬁl?9?%“@0@%~$$Bb?§bhy7?Q@e%4éW8®n4Q@Q§¥&aﬂﬁle

61. 8002504a0502. 86- £8C38660§59ﬂs9B§1wéigl(1ﬁCﬁ@@rrpam apa v ed 00 el Pt 06f - Exanpl

€ ZCDﬁﬁﬁra%h39882%§93%05i38£io ampl. nggative electrode binder

C

composition.

No particular limitation is imposed on the method of
shaping the positive and negative electrodes as thin films,
although it is preferable to apply the composition by a

20 suitable means such as roller coating with an applicator roll,
screen coating, doctor blade coating, spin coating or bar

coating so as to form an active material layer having a
uniform thickness when dry of 10 to 200 um, and especially 50

to 150 pm.
25
[Nonaqueous Electrolyte Secondary Battery 2]

The second nonagueous electrolyte secondary battery
according to the invention is a nonaqueous electrolyte
secondary battery composed of a positive electrode, a

30 negative electrode, a separator disposed between the positive
and negative electrodes, and a polymer gel electrolyte. The
separator is a porous film or porous sheet composed primarily
of cellulose.

By using such a porous film or porous sheet composed

35 primarily of cellulose, the charging characteristics, rate

capability, safety and manufacturability of the nonaqueous
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[ Nonaqueous El ectrol yte Secondary Battery Charging Method] 5 [1]
Direct-Current Pattern Charging Exanple 7 Production of Positive El ectrode:
Li CoOz (made by Seido Chemi cal Industry Co., Ltd.) as the positive

el ectrode active material, Ketjenblack EC (made to by Lion Corporation) as
the conductive material, polyvinylidene fluoride (PVDF1300, naede by Kureha

Chem cal 'Qﬁ yntﬁlgP Eéégn% ?gdbéﬁﬁeﬁfL %ﬁeﬁga@ﬁhéﬁ b8, SOhPEE et PUne

prepared in wer e inawlight ratio o
100. 0: 4. 350nexghgr92ngr@bp@@@teéiyti@ﬁeﬂamub%o;n@Ee@$eQB di spersed and

m xed in N nethyhpg Eﬁﬁﬁﬁhb@@n%oﬁMHEnlﬁé pbrBakt 1By ¥Rl gbkongr sh@atparts
by wei ght of LiCoOz; produced by Wako Pure Chem cal Industries, Ltd.)

to
forma sIuFFynO?héuéﬂGFFytﬁaén&pBPFEHCB%FB éhméFﬁh4ﬂ%n1§%E%?u%?hFE?n%§§
0.020 rgn esrRdpap¥rNEppRBAFEroémMBBUL aLdsE | PObEDs , 1L0ptéflerred herodr tikd,

| I ed, d t [ i 50.0 i dt h, t d
) x20. 0 i aHP8En b SR P EoRITELoR: G8sFBs: LY oRnFie huRer CEFSor  thes
havi ng a weegpécof t0. 28 glantralybeckokssiof Or O08Deotrokytesel ected and

d. -67 ' bead de b
Coaka Go CRERSEAFLORS BarPERP" MSrmePELiopPos "SRRPOPEEMENE IO LPEE ™
and pol yvi ahardenerisbbecsde (H¥dFaNn09]sonbe myd&uethpamhennade Sromdustry

Co., Ligd. )bggggnnbégg gsg F@bQPE ratio of 100.0:8.70, respectively, then
di ssol ved or gprse and mxed in NWP_(121.7 parts by wei ght per 100

parts by melght ené@@ﬁﬁa§éSﬁFéPGEe&G%}“#SSPOPﬁﬁaaSPEPFyre$ﬁ§t§PGPr9fmas
appl i ed onge meaaerzBOft &hai ekpesser 16h&rmdd gﬁabﬂﬁﬂeybwnahpp@nygpefin

Manuf act uri n oIIed cut ons_of 50.0
ot b ER8LE8; cantrahh hBSBefrS senhnes  tnd! tuStal S CaPEIREPTOE L
Producti onthé Bheterpde Theupse 16f Asueh ecél bukosge otipusvasalktes netl by

combi 19 biRs 9 b NEoabIPAPORL ! hEael cGk HESoRLE SYBeRlat g dluery

negatlve e nterv ose sep ara ors
made by N b p@ﬁrn@aoshprczbngofaomhhermab kﬂbssnk@g@)%f rrtﬂ)e ceepavatiprensi ons

of 54.0x22.0 ””‘W%an%eQ@bﬁEhQBrOEOEEGQEHO%¥Hﬁa§9h9tb@nceﬁlﬁlgsyl§Q|Ut'on

of Li PF6 was r(:/Eare di ssol vin roduced by Kishida Chem cal
Co., Ltd.;uged QGIGYﬂﬁﬂxY% %Fﬂ?P%n%nCEP%oﬁ%}%#%W%ﬁrW@l%%F%%ﬁafEr°nﬁ}l) in
a mxed 25isobyest witRthybrDe pelapnelectis)ytdimswtenes ¢ardonbt £ng DEC) ,

of Toch: 159, 9 8 cBet o TheBRe) LT Ky FRa  n pB8 Hp Lo lp BN R Er BB e
foll owi ng Thysedtbat el80tfodytiessohdttanhchasre iaegeundee of parts by

wei ght  of ﬁgﬁgtgggéﬁgleg% V|ny%82V8E%o€fPer|va td&%iﬁ%ebgfggf §ne car bonat e

in the solUtion p ared 1'nm Synthesi s
Exanpl e 2 f§3560plys heMareesers sdeterionatioy smbatsmwgrfmmw de

Ltd.) M 20&(1R8eRBiLA8E! YhAéBsion of the separator in the electrolyte
25 solution does not arise.

In addition, the surfaces of the cellulose fibers,
which have a large surface area, interact with the
"electrolyte solution, increasing retention of the electrolyte
and discouraging liquid exudation. As a result, improvements

30 in the charge/discharge characteristics, high-temperature
retention properties and safety of the battery can be
achieved.

No particular limitation is imposed on the cellulose
content of the separator. However, to more effectively

35 manifest the properties attributable to use of the
above-described cellulose, it is advantageous for the
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35 9.358), 9G (dinethacrylate, 13.09) and TMPT (trimethacrylate, 1.100),
and 2,2'-azobis(2,4-dinmethylvaleronitrile) (nmade by Wako Pure Chem ca

| ndustries, Ltd.; 1.778). The above -68 constituents were stirred and

m xed to form a nonaqueous el ectrolyte solution. Battery Production: 5 The
above el ectrol yte sol ution was poured into the eI ectrode group fabricated

d bed t
Sbove. descrT BT e CrPoHE by Bopo 100 LoUtH o> e® e ot i S atY rn T35t
di aneter angl W’e%lgtddertn@s’elpmf@taybbffatImlas;ttéiﬁrmbﬁe group was then io
At packed KBIEh1BeXaRUU™, Ohs BROULMIRCALE L L0 PLVR BndORRQUERYS
a capacity

el ectrol yte secondary batter iS's con ary tery,

was defi negllegtxoky e ecthtabe%@mlﬂy ¥ akgo p‘bwhh(/ehﬂmh-‘a%@ acth®e
nmaterial cpbrab@ied bf Ogéf‘lﬁi"gé’é %6&@&1&6&%Me Umddt loe rﬂ%‘isﬂtlﬂ:@n X =

0.5 in the Faraday reaction_ LiCo02 -~ LixCoOZ + ( 1-x)Li+ + (. 1-x) e at the
posi tive efERRIYER @EiFiRg n%’f"%‘l‘l%?lle ci?r‘%s’rf%“%t‘i%r‘%l%‘ﬂﬂr‘?d’%@ﬂ%s ded to a

charge capsgpdvatdr 1@&1 086 (@beLde P ﬂﬁi‘h}ougﬁ'@y SEEPTRT Ju PPl ¢ 53t vesSy
initially 50 V at. a current of ed to 3.20 V

charged to the har
at a curre'ﬁ?n‘b? agt ‘6’5%6}\%}9(‘?’: R PRI NPTkt S ‘(‘)](la‘g Hurs, then
at 80C forc@lled vbdg 60 tinelusepatrecdr olytcompeled ton vE:BtH'hmé)qMaEtmms

t hen ngj gﬁgdnégééns?anfggggféé%scharge cycl es, each of which consisted of

constant-curren age’' charging to a voltage setting of 4.20 V
and a current cuThefporpus. £0On onephvausasheetthagoasthhckoessepf 20

di sch 1. 00C ff
rest. Thi SEGeR0 gt oleé%’fa V@%ma?in‘i% b AL TR B 25 v
thus pl ac'ﬁ'ﬂdmo il gl n 3 t% 8 @ ididdRl SidsrdniS 68 04 -adhie dpitery

was subjecte pattern showr bel ow froma 0% charge
capacity tI®0$‘ésmf¢17@bbY\a7@et®57@%apacBYyu%ingzoil sgpamgotandvibes,  Char gi ng

was cafsl i egh Pilsidls Pé'l[lé)SQSéorﬁi:(é'Qns,l ﬁlelpe,z[&rﬁ)bes oﬂt%@sa -69  Exanple

8 The battery produced I n Exa was subj ected harging in the

pattern shRRPLEEEIN f¢LRT B DDY ﬁ%@%%%}bl‘?%/t‘f%rif éﬁ)‘é’c‘tg \@‘%%}ét capacity

of 20, 50,180g&@ncudfdt &isdRatgedch@sacesrieei @t in P1[0.108 A (3C), 1 s]

-> PZ[0O A, 5 s) cycles. Exanple 9 The batterZ produced in Exanple 7 was
subj ected to At a thickness of less than 20 um, the incidence of

internal shorting within the battery may rise. On the other

20 hand, at a thickness greater than 50 um, the discharge load
characteristics of the battery may worsen.

At a porosity of less than 65%, permeability to the
electrolyte solution may worsen. Moreover, the amount of
polymer gel electrolyte per unit volume decreases, which may

25 lower the ionic conductivity and diminish the battery
characteristics. On the other hand, at more than 85%, the
large current discharge characteristics of the battery do
improve, but the physical strength declines, which may
compromise handleabllity during the assembly operations.

30 Moreover, the incidence of internal shorting may increase.

The construction of the separator is not subject to
any particular limitation. The separator may have a
single-layer construction, or may have a multilayer
construction composed of a plurality of stacked films or

35 sheets.
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io charging in the pattern shown below froma 0% charge capacity to
respective charge capacity of 20, 50, 80 and 100% Charging was carried out
in P1[0.36 A (10C), 1 s] PZ[O A 5 s) cycles. i5 Conparative Exanple 4 The
battery produced in Exanple 7 was subjected to continuous constant-current
charging at 0.036 A froma O@bcharge capacity to respective charge capacity

f 20, 50, 80 100%, 20 Co i e 5 The batt duced |
Branpl o 7 was SUBPECBAT oA RAGEEToINEPart- CFr RO EnaPHPRISRe0. 108 A

froma 0@6emacg20¢§pacsbyohdaryspattérg thapgefeaphtyt ynef oBbaibed BY 25

and 100% [ h r

subjecte% ggﬂggnﬁgnuougigons?%ﬁ%lc§?$§5%§£%3$gggmggg B %g§ﬁg?koﬁ1a égso
char ge capaenhtgondursdpectihnls.chargupeupdchaying reactye8@ouhlie 1DOMSAft er
bei ng cyiar gades fBgeELRed aBaven bBgaRoBAgHEGUSLEl ectrol yte secondary

batteries in above Exanplés according to the invention and
Conpar ati ve Exanﬁm@sl@nr§°@d§§twéﬁeSﬁﬁénmEWaééda&ﬂ t8et £en Reps8seddiss 1

hour, folIﬁahaQuéBugheuaexrbﬁyeedsé@bﬁaagﬂ Bataeguééegﬁcﬁfag Zikhﬂua 75 V.
FIG 6 is a 8 of th charﬁ ggaC|t¥ ver sus the annﬁﬁ 1
el ectri ci t §eHPREARY g€ L5i 8BHalt g LHBa PnyeFBP fhe 65 §r|e§°Fne§889 e,

exanpl e. FuEe Gaahbwesmhbhat pfi fbhehgamsanphesondaotiivegsadtshasi bheséi on, as

|0 cor O mR R R ReaC R yRane hobhSc AR, ATEn Fas Pkt PopSIEPhR Sy ye Tosrs
Using Di reeﬂecmroémtePaBCendaﬁhabgthgrExanple 10 10 The secondary battery
obtai ned in Exan&h% & W@%u%ﬁa%% wgrggh%|ne nhbhghesbghgsagna hate of 0.2C

for 5 hours. The resultln state as a charge ca aC|ty of 100%
The batter?°%ﬁ§u@ﬁentapseﬁaﬁ§é6 FOiveRt4 H69r§°Pﬁeﬁﬁr6géﬁncPfcﬁh? state.

The resul tisg-dbaaliacracd Ehmtelhsth@féléeﬁrbﬂyﬁé bgh@Wother Stah&tituetOM
0% of overchar qgi based on the

State 1 atter ected to 1 in
oo Boabfebates belBess kOE Ehe I e SotK S RORRMMhs croct oy Mot a
char ge capetetyroly2BO0%ecdhiiaryabatoetrpwedybpe26h&6 sameoasi thioss char gi ng,

char ge caplehEEohBucHREIBTL YonRboPySRTOLER, (4" EERN: ChoRaliBot 0 D Uty
was subjec§é§02§oimt§599@9ﬁd§VErbh&tgrﬁg, based on the rated cépacity, in

P1[0.036 A (100) 1l sl aavan@%b%oﬁs #o2l the aB3kR-838cR16:® £1kst] ana

20 second nonaqueous electrolyte secondary batteries to have the
following properties:

(A) a cell voltage of less than 5.5 V when overcharged at
25°C to a charge capacity which is 250% the cell capacity;
and/or

25 (B) a battery surface temperature of less than 90°C when
overcharged at 25°C to a charge capacility which is 250% the
cell capacity.

To further enhance the safety of the secondary battery,
1t 1s advantageous for the nonaqueous electrolyte secondary

30 battery to satisfy the above cell voltage and/or surface
temperature conditions even when overcharged to a charge
capacity of more than 250%, and preferably more than 300%,
the cell capacity.

At a cell voltage of 5.5 V or more, there exists a

35 possibility that the battery will rupture, generate heat or
incur an irreversible reaction, thus ceasing to function as a
battery and increasing the level of danger. It is therefore
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- PA[0O AL 5 s] cycles to a total charge capacity of 250% This was followed
by 250% of conti nuous chargi ng, based on the rated capacity, at a constant
current of 0.036 Ato a 30 total charge capacity of 500% Conparative
Exanple 7 From State 1 in Exanple 10, the battery was subjected to
continuous charging at a constant current of 0.036 Ato a 35 total charge
capacity o SOOW 7 nge.in_y e ch_of the
secondary %3 er| %0 mﬂ&ghgggegg %r&?%gg Sdgg?F5E§§§%§HakB%§§Vg Exanples
10 and 11 aeseruhag Sosthe proeEarabhyahbdssntlanpar at Vveaksdampse 7. The

results ar [ hOg511g. As shown in FIG 11, when charging
was carrlegrggg¥§P g Eé%gtgﬁ? curreﬁt in Conparative Exanple 7, the cel

vol tage continuedt @ sunfigces tenmpegatgrer ofcS8es. OKthr@haﬁéér@aﬁécﬁPy of

close tp SQQ&rhagea WhB@QEbEiE%‘fNS? €n8rMa@neuhawhgt b§'r ¥héUBBHE8r9CCUHed
On the other en overchargi ng was carried out by the chargi

ng
net hods of Ex§HBPeEr?§e§ﬁHl§1f8€cBPﬂlH@tFBrYh@uFﬁ98n9Vﬁﬁ°hé§9§ﬂ8mﬁ°ln FI GS.

7 tF 10, ahbvghaVQhkﬁgeeV@éM9ﬁ@§€utéedfOMéysdﬁhaﬁﬂQOhat pﬁéfﬁgagg? 18es
cycle in i en the curre ssing. through was . 0G;
undesirablghEB gBtEongn uBR%4sPH& F§?§£¥mg?Fsd Baﬂo?HaErse up to a charge
capacity of 250. Mdyeewear,, iavdahenwaboveesdeiscrdbedc aonbgmeotsr r ent char gi ng
was ¢ |e 0 I not . rkse i ragi anpl e
16 Ca) CHy8UE Ll yEeOfncbBaks! bRUEH e 1oL 15088 U ERTRY B MEyBHAT) ©
Life of hbhaqeeguseEséé@tml9venswb9nd§h9 Battery Efanvershapged af Fhe

secondary E&Eb@&yc99kéh@ed Hangéa”EEeiZ &@§1E§b§HbESEtﬁgo§€ é8fdaitions
char ge/ di scharge cycles, each cycle consisting of the foll ow ng

charge/dls&ﬁéreédéQFtéPh t€oh§tﬁﬁFiﬁﬁi?Gn?V%BnghﬁﬁttbﬁlPaﬁéeﬁﬁaiﬁlng at 25C

and a currenhrgtdla@Ca(Bulsend) 1hegarvehbngecseahingrefedaBly aadgarcurrent
cut - of Of&gPESg’5§ne m nute of rest, then so constant-current discharge at
age

1.0Ct at-off of 2.7 V, followed by another mnute of rest. In
Exanpl e 12, everytla® @ysbe@rafkwhblehibgimgesethodamaeouareﬂedtmaﬂytn

whi ch P1[0 -~ PZ t d
10 ti s, ?é??néa‘ag%aééﬁéﬁsﬁt tp8 Sapdntt B2 BELENAPGLAL H: \8aLEDERLC
0.05C. In ERatppecedl éégayimmoaéyerebe&ngupveéﬁaaggﬁg ﬁttaédcmh@ 2BP%i ed

out in whigh PAEOcAR8 AapdCityQ- 1 s] -~ PZ[O A 1 _~2_ s] pattern
char gi ng was repe; ted 10 tlnes f ol | owed

const & current/ i8nt Lo A5G HHSFelﬁgggtaoYﬁﬁé.le BRRAGAEY1 #a0yer y
100 cycl esba @likthabgedi fglewhng vaerchargengputhe nbabtehy Pii Dl 3fodét(10C),

01T -> PekG1f vk Jon) BaELALCHEVE A%pY8 HERERLRIIE. | FRBrokOLL OV

after overcharging, it is desirable for the battery to be
dischargeable again to at least 60%, and preferably at least
25 80%, of the cell capacity.

In this case, it is also advantageous for the
nonaqueous electrolyte secondary battery to be dischargeable
to at least 60% of the battery capacity even when overcharged
to a charge capacity which is at least 250%, and preferably

30 at least 300%, of the cell capacity.

It is also desirable for the nonaqueous electrolyte
secondary battery to have a cell capacity of at least 100 mAh,
preferably at least 200 mAh, and most preferably at least 300
mAh. At a cell capacity of less than 100 mAh, the influence

35 of materials such as the outer enclosure that play no part in
the storage of electricity becomes large, which may lower the
energy density.
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constant-current/constant-voltage charging at 0.05C. Conparative Exanple 8
The secondary battery obtained in Exanple 7 was 1o subjected to 500

char ge/ di scharge cycles, each cycle consisting of the follow ng
charge/ di scharge pattern: constant-current/constant-voltage charging at 25C
and a current of 1.0C (0.036 A) to a voltage setting of 4.2 V and a current

cut-of f of 0.05C.,an ' f r t - GUrr LS rge at
100 10 a voi t agd T orHisP S, FI5¥eRgIEn, FechAAREY batarlle e EE 97, 7
Exanpl es 12nventdoacbevdi g eperby Asnehtyowhaall tsnpacferablExahpleast the
per cent re§9BtWH?L9fahaemgbﬁcgﬁéggrﬁﬁﬂ Catyléagersé@eﬁhzne NYADEhErgY
cycles was cal cul ated_ 2o based on a value of 100% for the discharge
capaci ty i AepEdtyi pEt lege| Ehanhd7PeWhyEsigr E0QndRK i Rakieg 1P, 1Ak€dKown in
FTG 12 thRapetsenbatekbedt w9N1bKatrBeaspeepdpiichbather tiniepnparative
Exanple 8 fell tq 7 %)gft r 500 cycles. By %onér%st, t he perc nttretentlon
was 72.5%in 25 BRGRpIE Be FORAGICEsSIECTE CINE S SOCPR BRI ERL tEFies

i ndi cati ngoEhahet haveythienl ikeasaembtednbyeasadkhyugyusfag-fodldingt - current
pattern chatgi.n had to carry out. charging. [4] _Non 0 | ect te
Secondary %%ﬁgéggngkaggFﬂgHQi%3¥30gE%§W%Pg%T§ ?%enggoggggygggg?egyggix

f abri cat edasseikdgpcempoaedontlii hhet sephratavedispasaedsbetwegrdthei ng t he
patternp, ingdj bel.qw. C Ci o] Q r apacity of
D0, ' 50i° mob aedt106Er ) ‘nebdEL P BRbRerbaRas hha b1 dEAG ERG BRI Tl | Sui ng

which it wasseabilyawithip pobatherkohpusingnsushsfaneg- Battery €ABcAAr§ed at
0.2C (7.2 mhmih8té. pack. - TRe bReatbeyNnelisifgndsaschahit8d19ukehef1860. 0
mA (100, %00 ns% -~ Péko A, 500 WBL cycl es, Exanglﬁ 16 5 The secondary
battery fabFi ¢St 8d°PR BXahprE-FeRae cﬁéré@diﬁsﬁnb PhBapgt PEFK-i niPcat ed

bel ow froncansbhangeingpahet paoteDVs t thehaepgaraapacitydadkpabedt bébweahout 80
and 100% r t] he.t a i ( mAh) L.Ng i It was
Tort a1 ocher BESskavRoIeBHERETRAG, el HRuRLIVE) 1084 LRRE 05HY, EBe - (9,
md) to 2.78evulPingeraléhasgemblyadscriaced within Fheibad8eny h60sdBQ),
63.6 ns] - Z , C S LV

secondary gg?t%g§ﬁfg%%%§§%g§an¥E§§ f}g?gﬁagg%gug?gé?ggk?gﬁxgﬁt%ﬁggﬁéon
constant-cBFrénPOéﬁaﬁﬁiEglfPéﬁ?ér@ﬁgggeceaﬂaﬁFF?OBf 076t 8 pPRAYHErcEPacity

of 20, 50, e88ceprd1¥88%bfbaki¥eoh0ibhEseal edtcapasibyedted eargem&teanl-oc
(36. 0 mAh) s left at rest for one hour, 20 then

foll which it
constaﬂi-cBVrgﬁFg§$§gﬂﬁrégﬂeg?tggfcpf79§'nA) to 2.75 V. Conparative Exanple

10 As described above, each of the nonaqueous electrolyte
secondary batteries of the invention has excellent
overcharging characteristics and is free of danger even when
overcharged in the absence of a protective circuit. These

25 dqualities make it possible to simplify the battery production
operations and reduce production costs.

The nonaqueous electrolyte secondary batteries of the
invention are well-suited for use in a variety of
applications, including main power supplies for portable

30 electronic equipment such as video cameras, notebook
computers, cell phones and what are known as "personal
handyphone systems" (PHS) in Japan, uninterruptible power
supplies for equipment such as personal computers --
including use as memory backup power supplies, in electric

35 cars and hybrid cars, and together with solar cells as energy
storage systems for solar power generation. When a plurality

of these secondary batteries are connected in serles and/or
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The secondary battery fabricated in Exanple 7 was subjected to continuous
constant-current charging froma 2s charge capacity of 0%to charge
capacity of 20, 50, 80 and 100%relative to the rated capacity at a current
of 3.0C (108.0 my), following which it was left at rest for one hour, then
constant-current discharged at 0.2C (7.2 mA) to 2.75 V. 30 Corrparative

Exanpl e 11, ar tLery, J!Exg‘g@!,

cont i nuous Jﬁ%’fﬁ%@%w?ﬁf %r%‘%ﬁlgg (‘rfgémggpé‘ﬁ%rge paC| ty o‘?tlljb%/g‘F arge
capacity otxeellent Safely qlm%g@mml@amimme rated capacity at a current
of 10.0C 35 (3604f gé%giée%!aew Sﬁhth% i’x‘@ﬁﬁé\ﬁé&u@t eieéi;raﬂgtene hour,

then constant-curre I SC arge FIGS. 13

and 14 shoieeeRfrEY i Ratiexies %r@i%glfbmlﬂﬂ% %‘CP PPy RPEi me versus

di scharsge §p@AEhAY, gﬁ%téhéﬁécﬁéheié?@ﬁégl nﬂué\?té”!ﬂéiswétﬁﬁds@:bw& f@r Exarrpl es 15
and 16 accor d| ng to_t

e i nvention and In arative Ex to 11. As
shown in FrEIR19PeqH PRI RHURY ST %ﬁ&@??ﬂ“%@erbﬁr??eﬂ“ﬁéﬁ %r%:'or?%tant
current, Irhetlm)dks aboirig 4dc ncutt @st athat care edé s af ided Grdfonpal By i veldwanpl e

9) and about 18 nHE?éﬂa% ggcgr Lgo 9%9 mg&g?ogga{igg #X\Y%@gpge 10) to lo

achi eve 80% of t aZcurren nparative
Exanpl e 11nonamisgoahoetie@OBobyte mam@mtm@muemmsem@@emtwm sis

b .
ot 0, AL YER PRSI g g et £ECLI AORLAL a0 10 o
gases. i5 gyemteﬁg$01m*@rpm¥%mgcuth%rka‘qb%ﬂ@% %‘mr% epakged dhe¥ed out
in Exanpl eraléiapf%mmlé gpéé”@mm%mrprf&erhm%@&bﬁ&&paﬁé@wﬂ@é

charged at_a current of C, the coulonbic efficiency_rose maklzggs
possi bl e t%c?%’é%W%Jo%utt%%%‘?a‘E%°‘ﬂ%t%e% SRRy 1S .S damg batey
reach 80% mwavHiog tévece Rl @it O@\ﬂaﬁd:lta(rg\ﬂ'sg adlvaita GBe 1d st &S . off NtHexX oy e,

i reCtouT ] S0l PRUL oA CHRL AR, YRS RIS 60 oMol & NN fREEN P 30C

further |ncrea5|ng Cl eéncy and I e reqU|red to
reach BO%MUiMEem'atmlatawa%ttlyet@lm day anhxlEIESSp@@iAs descri bed above,

the present iWeE&hﬁBlQEOXEdEﬁ OQE‘QH’EPEé gl S{iﬁiﬁhﬁﬁg 28GA0HPHY Ratteries

and power suppl I es havli ng excell ent OVGI’C argin aracteéristics and

safety. NHP%@WE?PG%C@%%QQ h@%ﬁ@ﬁm&a@%&qwm@%&maﬁ ¢t eries of
thlts I n;/te%lltx&ﬂeﬁa ﬁg@ﬂhi etiﬁt@vﬁﬂE%&ewO(MI aﬁi@ét&é'@cﬁnpd\f@ﬂsb an 4 out
intermttent or char od isu C an be carried ou
bt o HoghdrorEAb L S St e oot G R ATy BT 00 et Bued.
The i nvent({eeg batd:&sseste:mlaymss becade sl Jaéccardnmercmm:mjyém MD
conventi o I or in

el e\ét ri I(:alnlgli q’E&Q 4?15 %/Iﬁ&?é%(gé%:;?em;@k%&é eed ¢ la#%g) nré&& é er Irmr e,

t he char glwmm@n@fdx%tahmmmﬁ cavpb#m e ‘t#ﬂé’lw*@wléf f| ci ency

and short &ﬂﬂnéﬁﬂesﬂi&ﬂ%é ech d Ot F £ Bs f WybEi I &ers | e psléition, the
i nventive %‘g@? nethod is able o destro asswatljré | a ers t hat have

f or med>5 dP1° Rt rORRE G TSR R ECY TR | O RANS and
I ncr easi ngeléetrhargertek saieds Ded cyehcléd £.elediric forkllfts, electric

platters and railway cars; and household electrical
appliances, including electric-powered tools and other
devices for the home such as vacuum cleaners, irons, cordless

30 phone handsets, shavers, electric toothbrushes,
radio-controlled and other electric-powered hobby items,
electronic games, electric drills and electric cutters.
Preferred uses in uninterruptible power supply-related
applications include power supplies for elevators,

35 air-conditioning equipment, emergency lighting, medical
equipment such as life support systems, and alarm systems.
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CLAI MS: 1. A nonaqueous el ectrol yte secondary battery conprising a positive
el ectrode and a negative el ectrode which are 5 conposed of a l[ithium

i on-occluding and rel easing material and a bi nder polyner, at |east one
separator for separating the positive and negative el ectrodes, and a
nonaqueous electrolyte whi ch is conposed of a lithiumsalt and an organic
sol vent; th a bei I,z t ol yte

i ncl udes a?gotg gu gﬁggggﬁgtﬁgﬁagrégés gg?&af %Ee E?ﬁghﬁgé tive

el ectrode Bntaecébblvoltage range of 4.1 Vto 5.2 V, which substance
provokes at the pRsit ﬂG%ﬂ%fﬁE”HE%ﬁ ddﬂé t differs from
the 15 I|th|un}relea5|ng reaction. nonaéﬂéous el ectrolyte secondary
battery coﬁéﬁp§rﬁéY§ep§§99P¢ér¥lééﬁﬁ@ﬁéeénésaché639¢@§iéPécﬂﬂo@éaﬁh|ch are

conposegl 0%h@n'htBbHHhh@Bu%C%hH@E981§@@ %@E%ﬁ&h&g BRiteErd md@eadg dsbpnder
pol ymer, at |east one separator for Separatin e positive and negative

el ect r odesPogAE1Xen8ha6EE0G8 BREcEr BRGRELYRI € eP§r8§ﬁpU§éGhoPr§ l'ithium

salt and aeompgaaac0505vaﬂthihheobauha&hgbahagr@haaaahgrmaedrualtaaa the 25
electrolytg.igcludeg also a_s bstgnce t hat ung Qes el ectrgie 0X dation at
the positi VEPEPECPPIIBCEN BTcdPRSToPPEgECPRMGEC ersGPFBa B9v - hi ch
subst ance posithiee ahdt hegpadvei edeelteotiesdeaad axﬂdahuum reaction that
differs, fr h ]l rel i re i engb ugtion 30
reacti Bh 1 Aat tacpperanify AofataBus  ATEL ot 28 L EB R ED " 0,
negative epbérgade wbichheSn@naqaeduguélbytpamyﬂalgec@n@apySbghaégynaf
claiml orpatpRiegl bS EQéhaQb%Ehégﬂd'Bytﬁahuiébﬂtebﬁﬁhéoiefiﬁ megéébon
gener at es oxygen and/or carbon di oxi de; and the oxygen and/or carbon

di oxi de oxwtiere ¥ sn@l A)aapndna charghinghtidmentt 4inwaechnfler;, nwhatret he= 0
negative electrode to LizO and/or LiZC03. 4. The nonagueous electrolyte
secondary Batt&pythe E‘P&PFPFSPB[%l &nli s dhéXactlerdi 78dFi st hks] t'he Ti zO

and/or_LiZ edu me I|th um and/ or hlun1| t t he
negat|¢% e?og%Vo e %%Hé&gﬁnaé uéw%ﬁﬁ% 90?y+% e ?éﬁ§§r63 Qﬁ any
10 one of cbasasutiVe éhwhg&hglgamharasterhaed hytuabhey dhafgrmggls carried
out at 25C, ?QgeﬂtCUE g% gf up to 10.00C based on the theoretical capacity
of the posIitive elec e, being free of positive el ectrode and negative

el ectrode deterldﬁ@ﬂldﬁ.uﬁhﬂan@hﬂtiqy§hd@p@mqnﬂ [thee fduraends viadiueswd1nj 5
charge ca

h h
electrolyltogrCn ¥8ﬁ&a¥y §g%vﬁgghan§c%aéeg$lg?aﬁ5xlgpt86§h&ﬁ$€%0%§qyeous

characjgeriged jpgtRat elhectrode oxidation occurs in a voltage range of 1.40

to 1.60 V Wi'th 20 réspect”™o an Al OX reference electrode . 7. The

nonaqueous el ect Al e Sagenddime bdheerplatdondivigp b@tM?Fnoﬁéeof claims 1
Lo & whi choba_ehALERLRE 2ot L0-hAL 0 EcOKOAE £O! YRS oo AN H1OLE

sel ected from anon ene 'car bona e, " propyl"ehe car ona vi‘nyT ene

carbonate gnd @fekh¥JxParboﬂétgarWH%ﬁﬁhB Qhﬁik&@ﬂ@nolbdihbegeﬁcBHV%hb” a
vol tage range of 1.05 t0 with respect to a standard h%drogen

el ectrode FSNEFlVPnS#ﬁésoPéaﬁh@s§oFV§ﬁPn5nHa&HG§r nHPKgrVer, w
25 charging 1s carried out at a large current value X 6 to

destroy the passivating layers which have formed on the
electrodes and the electrode active materials, the large
amount of energy applied to the electrodes and electrode
active materials apparently ralses the electrodes and

30 electrode active materials to high temperatures at a
microscopic level. Accordingly, to mitigate heat generation
from the prior charging pattern, it is preferable to set the
current value X,,; for the next charging pattern to a value

lower than X ; i.e., X, > X

n n+l *
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30 tenperature and standard at nospheric pressure conditions of 298.15 K and
101. 325 Pa. 8. The nonagqueous el ectrolyte secondary battery of any one of
clainms 1 to 7 which is characterized in that the 35 substance which is
oxi di zed at the positive electrode is one or nore selected from anong
conpounds of the general fornulas RCOR RCOOR RCONRR

RO CO- X-CO- OR an CONR R, whereLn R s._indepen Y.

SUbsti tuted or UlBEnSPREGLag MMbyr chE rotTDCEPBEHIES opt FERIPRIS < 5

i ndependenséy gohgdrvaljea atherothansObsécondsd or unsubstituted nonoval ent

hydr ocarbon g7 Uy eaddXal e HNBe By RN ApoYEOUds o pLle SBANAGEGHS

el ectrol yte secon y Ba one o
char act eri batitenyt hay bheanmwaqueoﬁsoml@ctﬂolQﬂé i sThepee}hecapacity

el ectrq ytrﬁus%%eTﬂﬁoan@ﬂaﬁogétehﬁgt £9éyaﬁoaﬁeoaéaena93ihsr afueiceﬁlca' m 9

which is characterize el ectrol I S obtai ned
by gelatln§°§ne§ﬁ@9%¢olyfethénﬁééitPéﬁaébﬁﬁoéﬁdzpAFnthPyaEPuatcﬁﬁpound

having a rgasktNe €RHE! 8aROBE eﬂakPednekeambehaageargﬁnbﬁesnbuﬁntoﬁndAa
lithiumsalt. 11. The.n nagueougﬁs ectrol ecoEdar%;ﬁ tery of any 20
e

one of claifsT¢PFHSEDt FaBgePRLER FNVEHY eparator has a
porosity of at Ien&tcﬁ&rglh@ ctieentngaleeu, electhatyirg spavbern yP pdist ery

f cl ized | ' f
ot Tead onethatapiy SECIBRPELE orRnona ebPp T BRI hE S FRGESHoF® ©
polyethyleandaauopbbyeShertimadrhqsiaeéotosacbieveaa fuddt chorgel3andhe
”0”aq“e°“Sﬁfé8C£6°£¥E§kfﬁﬁfEQ§E¥vQﬁ%ﬁﬁ a9£r?n¥h§9 HH@gO%thQanﬁnlt?e 12

which is characterize the ositive el ectrode
and/ or negalegtreflecsusfaces éaﬁpébédeéﬁcﬁr9ﬁérﬁﬁﬁ#ﬁgtmétEBF?&r§Fﬁ5ﬁ§eﬁe5|n

having a S&Rh|tﬂgréB§'enhéﬁcéetﬁé”b?éﬂeinféeoEOEHH|Ba@%@k&lnﬂtrﬂklo (lo) _
Wei ght in grans. of swol | en thernD Iastlceé afte ﬁﬁ g gge on in
el ect riol yt degpLessaugt T95CthE) CRIIent v Pﬁh Fﬁngrﬁ T thEP Bl 85tic
resin bef oleastmBCSi andi preEecabdiyyae Zehsti 6a.at 20C (g) 35 in a range of
150 to 800 . —79?here is no particular upper limit in the charging

current value, although this is generally about 10 to 50C.

It is especially preferable for the current value X, in

20 the above charging pattern P, to be at least 3C, and for the

current value X in the charging pattern P ,, to be 0 A.

n+l
Carrying out pulse charging in which the current value
X,.. 1s 0 A enables energy-efficient charging to take place
while preventing an excessive rise in the voltage of the
25 nonaqueous electrolyte secondary battery. As a result, the
time required to achieve a full charge can be further
shortened.
Moreover, when pulse charging is carried out at a
current value X, in charging pattern P, of at least 1C and a
30 current value X ,, in charging pattern P,, of 0 A, it is
advantageous for the cell voltage during charglng to exceed
3.0 V, and especially 4.2 V.
There will be times where, depending on the charging
current value X, selected, the cell voltage rises to the
35 vicinity of 10 V. However, in such cases, an excessive rise
in the cell voltage can be prevented by subsequently placing

X... in a rest state of 0 A.
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14. A nonaqueous el ectrol yte secondary battery conprising a positive
el ectrode, a negative el ectrode, a separator disposed between the positive
and negative el ectrodes, and a polynmer gel electrolyte; s which battery is
characterized in that the separator is a porous filmor porous sheet
conposed primarily of cellulose. 15. The nonaqueous el ectrol yte secondary

battery of claim14 19 which is characterjzed i t the_separator. has a

t hi ckness of 20 %chﬁggﬁhéndn%tp%? Lit§ {5 €¥8 ?i‘)’ggg‘i.nﬁ%‘? eSﬁBﬁﬁﬁ ous
el ect r ol ytevmsamsindiiey tmtd@rfull cHatddrig wiltdgewschas snathat@cdaseadd in
that the p‘ﬁI%r’gar el 15 el _ctrtolt%ﬁe ilzs) gﬁaii:cﬁ\e bye :Jg&.i %f‘@iee' ectrol yte
coposi 1ot SonASl? )Y SFeEAY i S St U Gthol o bone
on e no @ narcan i@a u bgia Ien : : e
nonaqueous co Ly Lery.o e.af ¢l al 0 whi ch
i's chargactce‘%]:geg{df (l}%/é/%ge\}/is}?ﬁ‘g tQ ﬂgsf g??%\%lmsnétc%g%%éip g’? i é:t% [ gglo?'k)%aﬁgk Olt : §):

(A a cel liydiakes i aeievdan BIEL \chikge over charged at 25C to a charge

i whi ch i 50% | J i 25 (B tt f
Comporature of | BRESTHUACEBE (PRRObOLr LilPERe of Rt s Sh8REPdeCBRpaci ty
which i s 28(kd hee ceffecapacliy yuselB. A power supply conprising a plurality
f 3 tten i { f
claims 1 to 17 whierchafolhf BERSTESEh Wie HR WEHADY SR, BN 0
seri esdoandirnath pviedel to l@ny Aporicblar deimiattien aclkihoegh byt bied ng
i d wi t t { t
o e oA dpscRye s, dgigely eyspced i nde oy aagrl o fo

any one of clains1 to ortation ice

char act er i SRIPHE b RFRELERR VP AR thh & MbhbkRRARA di@eckt sisrendec Aitthr y
battery aggd#igheeor Ay OFeodf1 0 3iFl dsddordd - t& Rlgeddbdwusehol d

el ectrical appliance characterized by being equi pped wth a nonagueous
el ectrol yte ggco%%?ylﬁat %’ér(}h%cEB‘?ﬁgﬁb %B‘gﬁﬂgfﬁﬁe id)‘f' 15 Phetereblaz. 22, A

met hodsof fdwmrigie ol rad thivah et te| ot Yrod Véieart g rsee cioon dss Yh gt tssd yassotgpr i Si ng

o : | . 3
i Phi um oAdsit i draf ey Su R S dyeed OF G S MR Y BRSSO one
separ at or dlggevhgrs atand fide griaing thdacyhsequenttly reasledmirty on

li thi um sajie QI @d R} Nth NAMAHY S & d S N Frig | Eagdiss HFQigKkret hod
bei ng characterized in that, when charging i1s carri'ed out by conbini ng

various cHIGRETRY Gt t FhkS PPRERICH RNFRIeR FRARIING richtbs Farrded iqnt
anper es, Vdersh Yeverd Higer ehatey B didicy. (1 Th Sef@ndifon Wkdnbding O S)

1L T PR Pt S Tvatine (Taydiadetivaten it detive matetief cddont ve
char gi ng p=r erhresrd¥ duaey einmptarzd | thedidyfeske npifair rent val ues X. 23. The
c\g.”aq“.eous el eCtﬁQM&%r?e%Hﬁdééi’%b%iﬁééeCﬁﬁaﬁ%g&gg5 ”féPﬁQ pls&lghdn22z
ich is characterized in that the current valu or charging pattern P
[ Xn, t" ]tl'}% RAS§issmting J(anexpﬁ)u:}rq ai%stwq he Kurehanging uks Xhen f or
char gi289 peddeInudd tdt [ehe lsane dudrder&idl N i aRpt LAderd St i nteger a
1) passivating layers, destruction of the activate materials,
electrodes and electrolyte may occur.
Moreover, when the charging time t, during passivating
layer destruction is increased, the passivating
30 layer-destroying effect diminishes over time, and so a longer
charging time is unlikely to significantly increase the
effects. At the same time, as noted above, increasing t,
leads to an excessive rise in the cell voltage. Hence, it is
preferable for the charging time t, in each charging pattern
35 P, to fall within the above-indicated range. At the very

least, the charging time t, when charging is carried out at a
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satisfies the condition 0 s X~+1 < X' 30 24. The nonaqueous el ectrol yte
secondary battery charging nethod of claim22 or 23 which is characterized
in that the current value Xn for charging pattern P~[Xn, t"] is at l|least 3C
(0.33 hour rate) and the current value Xn+l for charging 35 pattern
P"+1[ X" +1, t +1] (wherein n in each case is an integer z 1) satisfies the
condi tion S X~+1 < X~. -s1 The nggﬁgueous electrol%te secondary

I

battery ch‘éﬁ‘%? W%?‘HBHGBF aﬂygenenavgle esbrey sheprgptyating
character|z&¢ern1§hpreféeabuyreet valueséboﬁdOOrchasglng pattern Pn [ Xn ,

] Ts at Teast 36 (0,33 oUL Late) odidabhe-ausLoRt yakke, esl for

charglng pattern P caSe’is an integer
Z1) is 0 mepeﬁtedheh@ngaqme@m@ éieehaogyne éeno@mmwwebetfe¢w s¢raepihg

Ug}ggd Offgéﬁaﬁé32t8ra83u¥h568 ¢f§§89rﬁci§rtﬁfg bgséha%p%he lo current

argl ng gatte Is at |lea 1 hour rate) and
t he nonaquipRise efles€rd 9@eC%@E@hﬂﬂrWeth@e@§ thenirvengien af refexredrtent

val ue Xn aﬁéféﬂﬁa§t¥9|£§9€h9f"&irééﬁséu§r9nk’péﬂéefﬂ ERAEgING REEREQE) val ue
X",1 for charging pattern P'+1 [ Xn+l, tn ].( wherein n_in each case is

15 an i nt SBRY @f 150155¢ e vyedTha ﬁ%ﬁ%qﬁ%@ﬁglﬁ9e%Y?%?yt%l§%%%%@aP91%attery
charging n@iﬁ@@tOéuﬁfamﬂ1gﬁtw@rﬁhchérgbﬁgaméem¢aedamnaleatbéh@s@@nﬂﬂueous

| ectrol yt t tt t f 2 t | t 4.2,V. 28.
The: nolaqueBTe arbery orgre mbiBhedry elrr EryeoRurtent herdiibidak(ohne of
clainms 22 ¢@nQﬂamh+voltagehahargﬁngzed in that the charging time t" for
Char 010 pat Ler nkBhXine! B ofBCta0E’ Bhirihy ABehBhEISkedukbal nal TOSL 1

second. 29. A nonaqueous trol'yte sec bat chargi'ng met hod
which is c%@m@km@tiqedl%ythaﬁryaﬁg bhe mﬁ@n@ﬁaiglﬂ@iﬂbth@@Yoﬁrany one of

clainms 22 ¢ongPnéd f@nﬁbﬂaéﬁﬂﬁe&ttFodanﬁopﬁfﬂﬁé@ﬂérCﬂihfﬂétfgﬁrg'ﬁﬂea”d/Or
const ant -vol tage ch arghgg nonaqueous_el ectrol yte secondary battery

char git¥g nER¥BH TR BE c%%?%cve}}zEEP%9a%%Yr9?n%n%u%nt%% ehat®® ng net hod

of any oneaeév@laegarﬂﬂeaOdﬂﬁectheﬂrﬁaﬁtypaﬂt@ﬁﬁ d0aBH169NESs aPAr£LEd et
char gi ng and/ or c nst ant - voita e charg ous

ol octr ol y B SREE A ODarYars EREFETALE nos R o arne EhEaPHER! T ed by
usi ng a cheowshgtsebastcallrungf opengtant acusr@ttan@Poro carry out charging

at preset HaLoen CYGLeehgl CENREG1AY & ion CRRFGEL JESFPE 08 &YV ELERT Of the
20 charging being carried out once every 50 cycles.

When direct-current pattern charging is carried out
using such a method of combination, the passivating layers
that have formed on the electrode active materials can be
destroyed and the active materials reactivated, thus enabling

25 efficient charging to be achieved and making it possible to
extend the cycle life of the cell.

It i1s also possible to combine the above
direct-current pattern charging with constant-current
charging and/or constant-voltage charging in a single

30 charging cycle. For example, a method may be used which
carries out direct-current pattern charging up to a given
cell capacity, then switches to constant-current and/or
constant-voltage charging. Moreover, such a method in which
different charging methods are used in combination within a

35 single cycle can be carried out at preset charge cycle
intervals in the manner described above.
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5 nonaqueous el ectrol yte secondary battery. 32. The nonaqueous el ectrol yte
secondary battery charging nethod of any one of clains 22 to 31 which is
characterized by the use of a nonaqueous el ectrol yte secondary battery io
conprising a positive electrode and a negative el ectrode which are conposed
of a lithiumion-occluding and releasing material and a binder polyner, at

| east one separator faor separating the positive and i | ect r odes,
and a nonaqueous B &S yife Rﬂﬁtc‘%qlsarc&'r&?sa&ﬁ’ qu{?’t%%it lﬁ%ﬁf‘g\ t i5 and an
organi ¢ solingstialigecartikele otitetheoklpbeei-desottbedl ddracsubsrapne t hat

under goes oxidation,at the positiv | ectro [ | I Lt.ag n f
a1V o sPatiErpnrrArang: Taok sbh, Brctns, B tydeife, 143k Fonl ave
oxi dati on feamedonnt lthae dileéredeo actdvet meterihlgmand edsengereacthen. 33.
The. NonaquUERHE cREECHEOLENE (AATUMBTLRALNY) b rC RANEARTRI2ALR! hakgag, Of
claims 22 to0 ich is characterized by the use of a nonagueous

el ectrol yt dtsdésopeasybpat ter ynegxeasepitne sycaepddife ¢€ &hecPréderind a

negative el,R¢4k60danWhkiRgatBeCeMARAgObrEiibRYN | PRreeGkrdi Bg ABYing

rel easing materi al and a bi nder polyner, at |east on% se aratgn EOB

separ at i ngCPREVUFEERL] PeeaRrd Addactveuarent, Basiera,ghargdingqibics has a

el ectrol yt gowhi ehargiagnmeesacdiehoy,! iat Eulm shki-gdo candban aechgared ial vent;

wherein thi elegtrol¥ e _includes .a subst ance,t hat ungeggggirelectrode
g i e :

. .al
oxi dat 1o 4E5en& PEsHTRTe 18 CEERIRE RSB SPPEaRLaGorFaR IV to 5.2
V, whi ch scobss&aon¢-podiages chiargiagpdsi uised elleoer.ode an oxi dation reaction

that 35 differs ffp%rnéqb%oéﬁié%-e% S I elg eq}ptghea&gq_r{geducti on

reaction that differs I umocclu |ng reaction to occur "at the
negati ve ekadt bedwidedy us®4d aphdheofhgredng BedBodoip: 8OHAGYRAHPY battery

char gi ng nghhed rehytkais@cdadairy3dattiet elss malaar apt @ aedoisntikat said
el ectrode oxi dati on gener at es OEé%gn and/ or. carbon di oxi de, ana %Ee oxygen
and/ or 1t ar B&RCEFOLEdENGK AdPEIaL erlegigede Yhdrh Argi GRMRess ieh forns

alt t he lrlega.tlith&uﬁd-e@bllgd&nfgo alnidﬁ@ea.lvﬂ_ sdJngLinﬁ(ﬁ@&]:iaaF.a_n'Bha amaigie Pad ymer,

el ectrol yt e, secaondar attery.chargin a Wi is
characteri?éd Fﬁsghg¥etﬁgPEF§6°be§ﬁa%85%E?%gB§ 5%8 kggégéggt%ggbtallic

l'i t hi um andegrtlivehiedecitaodest, @nd @eddtthiameconttadddng3gondquentsaqueous
el ectrol yt 8732¢0d: §dbi§b§@»e&haaglgg @%?Q%ﬂaQH %nigaﬁlgffs&ahgé ag to 35

which is characterrz by, when char gi Is carried out at 25C and a
curren?0 of thg above-deecrided &dnsite tyREordt NORAILEFRE BYeStTOR¥Bosi ti ve
el ectrode, sbebondahiye®afteR9sialdcvedangcitboddeandveagabnve el ectrode
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range of 1. W t'h Tespect to eference el ectrode. 38.
The noRaquéegenlaayt batfed iesoovder foes: Nety nersr §ongendsh6Q@nerIrasd one of

claims 32 Leodt WheClelld ARG eLIHIARBING Whdh tthe AbodRi-eteiri®eld i s one
or nore selected from 30 anon% et hyl ene carbonat e, %;o | ene car bonat e,

vinyl ene cAtEEREEUZKENd PFRHOTDy 9 e FOER 18 ode H6%C8at i on
occurs in ghadigliage caange @farki@@d toutl akl aVhiighlkr' espeentt ¥alhe X{aniwrd

e R Aol e Sreeel SR AR R BT g b anc
101. 3250 Paimproved even further so that charging can be carried out at
a higher speed than is possible in conventional secondary
batteries, and also making it possible to achieve an even
longer cycle life,
In these secondary batterlies having excellent
35 overcharging characteristics, the electrode-oxidizable
substance which has been added to the electrolyte triggers
cyclic redox reactions which consume electrical energy during
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35 capacity of at least 150%
As explained above, by carrying out a given

direct-current pattern charging process in which consecutive
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10 making it possible to improve the coulombic efficiency of the
battery and increase the associated charge/discharge cycle
life.

EXAMPLE
15 Synthesis examples, examples of the invention and
comparative examples are given below to more fully illustrate
the invention, and are not intended to limit the scope
thereof.

20 Synthesis Example 1

Preparation of Polyvinyl Alcohol Derivative
A reaction vessel equlpped with a stirring element was
charged with 3 parts by weight of polyvinyl alcohol (average

degree of polymerization, 500; wvinyl alcohol fraction, =98%),

25 20 parts by weight of 1,4-dioxane and 14 parts by weight of
acrylonitrile. A solution of 0.16 part by weight of sodium
hydroxide in 1 part by weight of water was gradually added
under stirring, after which stirring was continued for 10
hours at 25°C.

30 The resulting mixture was neutralized with an
jon-exchange resin (Amberlite IRC-76, produced by Organo
Corporation). The ion-exchange resin was separated off by
filtration, after which 50 parts by welght of acetone was
added to the solution and the insoluble matter was filtered

35 off. The resulting acetone solution was placed in dialysis
membrane tubing and dlalyzed with running water. The polymer
which precipitated within the dialysis membrane tubing was
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e ()11 seatingcat o amidipeolvtl Ihiassislon il rebtiklon T
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Vo H0% eudpblalell 8127°51vihg%a' chaRdEi Tatla o8 19vEngl - Q1BoREDYE/ S & (

derivative.

5 No hydroxyl group absorption was observed in the
infrared absorption spectrum of this polymer derivative,
confirming that all the hydroxyl groups were capped with
cyanoethyl groups (capping ratio, 100%).

10 Synthesis Example 2

Preparation of Thermoplastic Polyurethane Resin
A reactor equipped with a stirrer, a thermometer and a
condenser was charged with 64.34 parts by weight of preheated
and dehydrated polycaprolactone diol (Praccel 220N, produced
15 by Daicel Chemical Industries, Ltd.) and 28.57 parts by
weight of 4,4'-diphenylmethane diisocyanate. The reactor
contents were stirred and mixed under a stream of nitrogen at
120°C for 2 hours, following which 7.09 parts by weight of
1l,4-butanediol was added to the mixture and reaction was
20 similarly effected under a stream of nitrogen at 120°C. When
the reaction reached the point where the product became
rubbery, 1t was stopped. The product was then removed from
the reactor and heated at 100°C for 12 hours. Once the
isocyanate group absorption peak was confirmed to have
25 disappeared from the infrared absorption spectrum, heating
was stopped, yielding a solid polyurethane resin.
The resulting polyurethane resin had a weight-average

molecular weight (Mw) of 1.71x10°. Eight parts by weight of

this polyurethane resin was dissolved in 92 parts by weight
30 of N-methyl-2-pyrrolidone to form a polyurethane resin
solution.

[Nonaqueous Electrolyte Secondary Battery (1)]

Example 1
35 Production of Positive Electrode:

LiCoO, (made by Seido Chemical Industry Co., Ltd.) as
the positive electrode active material, Ketjenblack EC (made
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oI L BB L SR sty ssiovess 035
ra E$1028@6ly??hﬁl$dé?b05m&otid€2(RUDEQBOP Tade by Kureha Chemical
s 100@1STRPF S B30 o1 Donk: APOrSRE: FOTRUER EoT) (POl URRRSLFTSR b L10%

'()-T2! " L$Spathes(s- ER4BDUE727veEezndXRd! Lhsg19edglt (rathol0fh 10 h 10

s N&160:b: kPIBYEDES()- 73! LRlBLRibELE) - TReN &%&9&%&& J2(88}99: ;

|\ s$109CArBBSPyr @pax3pdovdredeln) N@lekhﬁa%?pwep%}d@eséMB%&Sé) 7@ | Xs$10%

??& () - @?' 5@9%5 &bl gl <per>1002batt weight of LiCoQ (;rod
10/ F=310% & Qi & é%ﬁ 7504 & ( ST\ es by 78 () @i %10k TE0 - a1 a
s$10%H2H2&.¥) 9> vERoBkgpFcal Industr es, Ltd o form a slurry.

10/ 11" $10% B B& @he3's 1518¥%&wa)s &bfplﬁbfa%ontn&ah) adin¥mbk0 ¥reWws () - 3! f $10% B
B& ()uﬁ 1?4h gEEgFFEG%SbGZX? made by Nippon Foil Manufacturing Co.

Ltd.), then dried, rolled, and cut to dimensions of 50.0 mm
(width of coated area, 40.0 mm)x20.0 mm and 50.0x270.0 mm to

glve positive electrodes.
Electrodes having a weight of 0.0280 g and a thickness
15 of 0.080 mm were selected and used.

Production of Negative Electrode:
Mesophase microbeads (made by Osaka Gas Chemicals Co.,
Ltd.) as the negative electrode active material and

20 polyvinylidene fluoride (PVDF9100, made by Kureha Chemical
Industry Co., Ltd.) were mixed in a weight ratio of
100.0:8.70, respectively, then dissolved or dispersed and
mixed in NMP (121.7 parts by weight per 100 parts by weight
of mesophase microbeads) to form a slurry.

25 The slurry was applied onto copper foil (thickness,
0.010 mm; made by Nippon Folil Manufacturing Co., Ltd.), then
dried, rolled, and cut to dimensions of 50.0 mm (width of
coated area, 40.0 mm)x20.0 mm and 50.0x270.0 mm to give
negative electrodes.

30
Production of Electrode Group:

An electrode group was formed by combining two of the
above positive electrodes and two of the above negative
electrodes with two intervening cellulose separators (TF40-35,

35 made by Nippon Kodoshi Corporation; thickness, 0.035 mm) cut

to dimensions of 54.0x22.0 mm.
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10BY=109@&L1 ) ety Iengofmnprng e 5<§ °f@)“B¢X‘ }4hibokn & MEI¥RE X, t $10%
/éc' E)\ ]rgi’/ é@h@&ﬁ/& &t - @ﬂ/ﬁﬁl%ﬂjéﬁ&o&’ar&ﬁtﬁ/&%l/&l)g%tﬁy%)%Mcﬁhaﬁéﬁ&blm)g& §$ )10r;1
0 NAu” ~ 0 0, ! %
"gzj() mpaBE YR HERe &C“ﬁ %ﬁ?@t%&%%a‘&d(‘flm}ﬁ%{ 9\‘3\@@ La@gfﬁé‘) /&'
-9'$‘S$10@@éigh9|raﬁi@9®f8i09 9: 35909826 )19: 204719, respectlvely

10F=10% L '\‘ 09 ' la, $109¢/
Qe () & ssoniat et aroR KPR FOURRLbE FotapHdhe et R iaES o

10/ 10/ (values indicated are the number of parts by we ght of each

/ %
0 SR A Gl ST (PTG s

10%3&-() ll%‘i@em}wlomlm &D?}YVHIY kﬂmb@waq'wvaﬁww?
$10MRRE ()in $EPVEhésis XEddRPBR (]0!1076), the NK esters (all made by

$10%thB&;égi$-§%ﬁggg;a&jﬁ%menfﬂg nGHZanp}rgiog (mono&gﬁ é%ylate,
9.358), 9G (dimethacrylate, 13.09) and TMPT (trimethacrylate,
15 1.100), and 2,2'-azobis(2,4-dimethylvaleronitrile) (made by
Wako Pure Chemical Industries, Ltd.: 1.778). The above
constituents were stirred and mixed to form a nonaqueous
electrolyte solution.

20 Battery Production:

The above electrolyte solution was poured into the
electrode group fabricated as described above in a volume
equivalent to the volume of space in the electrode group
(100.0 volg). The electrolyte-filled electrode group was

25 then laminate-packed under a vacuum of about 76 torr to give
a secondary battery.

Example 2
Aside from adding 1.00 part by weight of the PVA

30 prepared in Synthesls Example 1 to 100 parts by weight of
ethyvlene carbonate to form a solution (referred to
hereinafter as "solution A"), mixing this solution A with the
NK ester M-20G in a weight ratio of 100:1, and using the
resulting mixture as the electrolyte solution, a secondary

35 Dbattery was produced in the same way as in Example 1.
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HH&' () - Y% WUSNVB7IN fgachyses Ushe seedidmsy batteries produced in the

above examples of the lnvention and the comparative example,

the cell capacity was defined as the electrical capacity of
the positive electrode active material calculated from a

15 theoretical capacity of 137 mAh/g when x = 0.5 in the Faraday
reaction

LiCo0, — Li,CoO, + (1-x)Li' + (1-x)e”

20 at the positive electrode active material of the battery, and

corresponded to a charge capacity of 100.0% (about 36.0 mAh).

The secondary battery was initially charged to 1.50 V
at a current of 0.01C, then charged to 3.20 V at a current of
0.05C.

25 Only the secondary battery produced in Example 1 was
subsequently aged at 55°C for 2 hours, then at 80°C for 30
minutes to induce electrolyte gelation.

In each example, the battery was then subjected to
three charge/discharge cycles, each cycle consisting of

30 constant-current/constant-voltage charging to a voltage
setting of 4.20 V and a current cut-off of 0.10C, one hour at
rest, constant-current discharging at 1.00C to a cut-off
voltage of 3.0 V, and one hour at rest. This was followed by
constant-current discharge at 0.20C to 2,75 V, thus placing

35 the sample battery in an initial state (state of charge (SOC)
= 0%).
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% 0%WNVE () aBbit YHOYWIHEBY) c3HYWAR2?=th@Bbad¥ke%eR obtained in Examples
1 to 3 according to the invention maintained steady cell

voltages and surface temperatures at charge capacity = 100%,
10 thus demonstrating a stabilizing effect in the overcharging

region.

[Module (Power Supply)]
Example 4

15 A module was produced by connecting in series three of
the secondary cells produced in Example 1.

This module was charged to charge capacity = 250% at a
current of 1.0C, and both the module voltage as well as the
voltage behavior of each cell were examined during

20 overcharging. The results are given in FIG,., 4.

As shown in FIG. 4, once the module voltage had
reached a level of about 13.8 V at a charge capacity close to
100%, the module voltage remained at the same level and the
individual cell voltages remained at a level of 4.3 to 4.8 V

25 as charging continued. Hence, an overcharge region
stabilizing effect was observable in the module as well.

Example 5
A module was produced by connecting in series three of

30 the secondary cells produced in Working Example 3.

This module was charged to charge capacity = 250% at a
current rate of 1.0C, and both the module voltage as well as
the voltage behavior of each cell were examined during
overcharging. The results are given in FIG. 5.

35 As shown in FIG. 5, once the module voltage had
reached a level of about 14.3 V at a charge capacity close to

100%, the module voltage remained at the same level and the
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individual cell voltages remained at a level of 4.8 to 5.0 V
as charging continued. Hence, an overcharge region
stabllizing effect was observable in the module as well.

5 [Nonaqueous Electrolyte Secondary Battery (2)]
Example 6
Preparation of Electrolyte Solution:
An organic mixed solvent was prepared by mixing
diethyl carbonate (DEC), ethylene carbonate (EC), propylene
10 carbonate (PC) and vinylene carbonate (VC) in a weight ratio
of 50:35:13:2. LiPF, was dissolved therein to a
concentration of 1M to form a nonagqueous electrolyte solution.

Preparation of Electrolyte Composition:

15 The following dehydration-treated components were
mixed in the indicated amounts: 100 parts by welght of
polyethylene glycol dimethacrylate (the NK ester 9G made by
Shin-Nakamura Chemical Co., Ltd.; number of oxirene units, 9),
70.15 parts by weight of methoxypolyethylene glycol

20 monomethacrylate (the NK ester M-20G made by Shin-Nakamura
Chemical Co., Ltd.; number of oxirene units, 2), and 8.41
parts by weight of trimethylolpropane trimethacrylate (the NK
ester TMPT made by Shin-Nakamura Chemical Co., Ltd.). Next,
0.5 part by weight of the polyvinyl alcohol derivative

25 obtained in Synthesis Example 1 was added to 100 parts of the
above mixture, yielding a pregel composition.

Seven parts by weight of the resulting pregel
composition was mixed with 93 parts by weight of the
above-described nonaqueous electrolyte solution.

30 Azobis(2,4-dimethylvaleronitrile) (0.5 part by weight) was
added to the resulting mixture, giving an electrolyte
composition,

Production of Positive Electrode:

35 Ninety-two parts by weight of LiCoO, (made by Seido
Chemical Industry Co., Ltd.) as the positive electrode active
materlal, 4 parts by weight of Ketjenblack EC (made by Lion
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Corporation) as the conductive material, 2.5 parts by weight
of the polyurethane resin solution prepared in Synthesis
Example 2, and 10 parts by weight of polyvinylidene fluoride
(PVAF1300, made by Kureha Chemical Industry Co., Ltd.) were

5 dissolved in 90 parts by weight of N-methyl-2-pyrrolidone.
Next, 38 parts by weight of the resulting solution and 18
parts by weight of N-methyl-2-pyrrolidone were stirred and
mixed together, giving a paste-like positive electrode binder
composition. The positive electrode binder composition was

10 applied onto aluminum foil with a doctor blade to a film

thickness when dry of 100 pm. This was followed by 2 hours
of drying at 80°C, then roll pressing to a thickness of 80 um,

thereby giving a positive electrode.

15 Production of Negative Electrode:
Ninety-~-two parts by welght of mesophase microbeads

(MCMB6-28, made by Osaka Gas Chemicals Co., Ltd.) as the
negative electrode active material and 10 parts by weight of
polyvinylidene fluoride (PVAdF9100, made by Kureha Chemical

20 Industry Co., Ltd.) were dissolved in 90 parts by weight of
N-methyl-2-pyrrolidone. Next, 80 parts by weight of the
resulting solution and 40 parts by weight of
N-methyl-2-pyrrolidone were stirred and mixed together,
giving a paste-like negative electrode binder composition.

25 The negative electrode binder composition was applied onto
copper foil with a doctor blade to a film thickness when dry

of 100 um. This was followed by 2 hours of drying at 80°C,
then roll pressing to a thickness of 80 pym, thereby giving a

negative electrode.
30
Battery Production:
The positive and negative electrodes fabricated as
described above were respectively cut so that the size of the
positive electrode active material layer-coated portion of

35 the positive electrode was 5x48 cm, and the size of the

negative electrode active material layer-coated portion of
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such a way as to provide the positive electrode with an area
not coated with the positive electrode active material, and
to provide the negative electrode with an area not coated
5 with the negative electrode active material.
Next, an aluminum terminal lead was resistance-welded
to the uncoated portion of the positive electrode and a
nickel terminal lead was resistance-welded to the uncoated
portion of the negative electrode. The positive and negative
10 electrodes to which terminal leads had been attached were
then vacuum dried at 140°C for 12 hours. The dried positive
and negative electrodes were stacked together with an

intervening cellulose separator having a thickness of 30 pm
and a porosity of 72.4% (TF40-30, made by Nippon Kodoshi

15 Corporation), and the resulting laminate was coiled to form a
flattened electrode body.

The electrode body was placed in an aluminum laminate
case with the positive electrode and negative electrode
terminal leads emerging from the positive and negative

20 electrodes, and the terminal areas were heat-sealed. The
electrolyte composition prepared as described above was
poured into the resulting cell assembly and impregnated
therein under a vacuum, following which the aluminum laminate
case was heat-sealed. The battery was subsequently heated at

25 55°C for 2 hours and at 80°C for 0.5 hour to effect gelation,

thereby giving a nonaqueous electrolyte secondary battery.

Comparative Example 2

Battery Production:

30 A flattened electrode body was produced as in Example
6. The electrode body was placed in an aluminum laminate
case with the positive electrode and negative electrode
terminal leads emerging from the positive and negative
electrodes, and the terminal areas were heat-sealed. The

35 nonagueous electrolyte solution prepared in Example 1 was
poured into the resulting cell assembly and impregnated

therein under a vacuum, following which the aluminum laminate
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secondary bhattery.

Comparative Example 3

5 Battery Production:

A positive electrode and a negative electrode produced
in the same way as in Example 6 were dried at 140°C for 12
hours, then stacked together with an intervening polyolefin
separator having a PP/PE/PP three-layer construction. The

10 resulting laminate was colled to form a flattened electrode
body.

Next, the electrode body was placed in an aluminum
laminate case with the positive electrode and negative
electrode terminal leads emerging from the positive and

15 negative electrodes, and the terminal areas were heat-sealed.
The electrolyte composition prepared in Example 6 was poured
into the resulting cell assembly and impregnated therein
under a vacuum, following which the aluminum laminate case
was heat-sealed. The battery was subsequently heated at 55°C

20 for 2 hours and at 80°C for 0.5 hour to effect gelation,
thereby giving a nonaqueous electrolyte secondary battery.

The nonaqueous electrolyte secondary batteries
obtained in Example 6 and Comparative Examples 2 and 3 were
measured and tested as described below. The results are

25 given in Tables 1 and 2.

[1] Measurement of Battery Capacity and Energy Density:
The nonaqueous electrolyte secondary batteries
obtained in Example 6 and Comparative Examples 2 and 3 were
30 constant-current charged at 25°C and 120 mA (0.5 mA/cm?®;
corresponds to 0.2C) to 4.2 V, and subsequently
constant-voltage charged for 2 hours. The batteries were
then left at rest for 5 minutes, after which they were
discharged to a cut-off voltage of 2.7 V at a constant
35 current of 120 mA, and the discharge capacity and energy
density were measured.
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The nonaqueous electrolyte secondary batteries
obtained in Example 6 and Comparative Examples 2 and 3 were
constant-current charged at 25°C and 120 mA (0.5 mA/cm?;

5 corresponds to 0.2C) to 4.2 V, and subsequently
constant-voltage charged for 2 hours. The batteries were
then left at rest for 5 minutes, after which they were
discharged to a cut-off voltage of 2.7 V at a constant
current of 600 mA (2.5 mA/cm?; corresponds to 1C), and the

10 ratio of discharge at 600 mA (1C) with respect to discharge
at 120 mA (0.2C) was computed as a percentage.

[3] Overcharge Characteristics Tests:
[3-1] Overcharge Tests
15 (1) The secondary battery obtained in Example 6 was
subjected to an overcharge test at 25°C and a constant
current of 600 mA (2.5 mA/cm?; corresponds to 1C) for up to
2.5 hours. During the 2.5-hour test (charge capacity, 250%),
the secondary battery in Example 6 had a maximum cell voltage
20 of 4.72 V and a maximum surface temperature of 49.3°C.

(2) The secondary battery obtained in Example 6 was
subjected to an overcharge test at 25°C and a constant
current of 1,800 mA (7.5 mA/cm?; corresponds to 3C) for up to
50 minutes. During the 50-minute test (charge capacity,

25 250%), the secondary battery in Example 6 had a maximum cell
voltage of 4.95 V and a maximum surface temperature of 52.8°C.

(3) The secondary battery obtained in Example 6 was
subjected to an overcharge test at 25°C and a constant
current of 600 mA (2.5 mA/cm?; corresponds to 1C) for up to

30 3.5 hours. During the 3.5-hour test (charge capacity, 350%),
the secondary battery in Example 6 had a maximum cell voltage
of 4.98 V and a maximum surface temperature of 51.1°C.

(4) The secondary battery obtained in Comparative Example
2 was subjected to an overcharge test at 25°C and a constant

35 current of 600 mA (2.5 mA/cm?; corresponds to 1C) for up to
2.5 hours. When 2.1 hours had elapsed (charge capacity,
210%) following the start of the test, the cell voltage
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(5) The secondary battery obtained in Comparative Example
3 was subjected to an overcharge test at 25°C and a constant
5 current of 600 mA (2.5 mA/cm?; corresponds to 1C) for up to
2.5 hours. When 2.3 hours had elapsed (charge capacity,
230%) following the start of the test,

exceeded 10V, the surface temperature exceeded 100°C,

the cell voltage

and the
battery ruptured and ignited.

10

[3-2] Discharge Test after Overcharging:

The nonaqueous electrolyte secondary battery obtained
in Comparative Example 6 was overcharged at a constant
current of 600 mA (2.5 mA/cm?; corresponds to 1C).
the end of overcharging, the battery was dlscharged to a
voltage cut-off of 2.7 V at a constant current of 120 mA (0.5
mA/cm’; corresponds to 0.2C).
time was 487 mAh. The ratio of the discharge capacity, when
the battery was discharged at 120 mA (0.2C) after
overcharging,

Following
15

The discharge capacity at this

20 to the cell capacity was 80.4%.

Table 1
Cell Energy Discharge load
Separator Electrolyte | capacity | density | characteristics
(mAh) (Wh/L) (%)
Example 6 cellulose polymer gel 605 315 98.8
nonaqueous
gigggiztgve cellulose electrolyte 608 323 99.3
solution
g;’c';‘ﬁg’i”:tgve polyolefin | polymer gel| 541 274 68.4
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Overcharge tests
(Discharge
Discharge
Charging| charge Cell Surface capacity gszgg;;¥ggg;?7
current | capacity| voltage temp. after (cell capacity)
(mA) (%) (V) (°C) overcharging 100
(mAh) X
(%)
600
(1C) 250 4,72 49.3 487 80.4
1,800 _ _
Example 6 (3¢) 250 4.95 52.8
600
(1C) 350 4.98 51.1 -
Comparative - -
Example 2 600 210 >10 >100
Comparative - -
Example 3 600 230 >10 >100

[Nonaqueous Electrolyte Secondary Battery Charging Method]
5 [1] Direct-Current Pattern Charging
Example 7
Production of Positive Electrode:
LiCoO, (made by Seido Chemical Industry Co., Ltd.) as
the positive electrode active material, Ketjenblack EC (made
10 by Lion Corporation) as the conductive material,
polyvinylidene fluoride (PVDF1300, made by Kureha Chemical
Industry Co., Ltd.) and the polyurethane resin solution (PU)
prepared in Synthesis Example 2 were mixed in a weight ratio
of 100.0:4.35:4.13:2.72,
15 dispersed and mixed in N-methyl-2-pyrrolidone (NMP; 56.74
parts by weight per 100 parts by weight of LiCo00,; produced
by Wako Pure Chemical Industries, Ltd.) to form a slurry.
The slurry was applied onto an aluminum sheet
(thickness, 0.020 mm; made by Nippon Foil Manufacturing Co.,
20 Ltd.), then dried, rolled, and cut to dimensions of 50.0 mm

respectively, then dissolved or

(width of coated area, 40.0 mm)x20.0 mm and 50.0x270.0 mm to

give positive electrodes. Electrodes having a weight of

0.280 g and a thickness of 0.080 mm were selected and used.
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Mesophase microbeads (made by Osaka Gas Chemicals Co.,
Ltd.) as the negative electrode active material and
polyvinylidene fluoride (PVAF9100, made by Kureha Chemical
5 Industry Co., Ltd.) were mixed in a weight ratio of
100.0:8.70, respectively, then dissolved or dispersed and
mixed in NMP (121.7 parts by weight per 100 parts by weight
of mesophase microbeads) to form a slurry.
The slurry was applied onto copper foil (thickness,
10 0.010 mm; made by Nippon Foil Manufacturing Co., Ltd.), then

dried, rolled, and cut to dimensions of 50.0 mm (width of

coated area, 40.0 mm)x20.0 mm to give negative electrodes.

Production of Electrode Group:

15 An electrode group was formed by combining two of the
above positive electrodes and two of the above negative
electrodes with two intervening cellulose separators (TF40-35,
made by Nippon Kodoshi Corporation; thickness, 0.035 mm) cut

to dimensions of 54.0x22.0 mm.
20
Preparation of Electrolyte Solution:
A 1.0 M solution of LiPF, was prepared by dissolving
LiPF, (produced by Kishida Chemical Co., Ltd.; 1.0 M solution
in ethylene carbonate/diethyl carbonate = 1/1) in a mixed
25 solvent of ethylene carbonate (EC), diethylene carbonate
(DEC), propylene carbonate (PC) and vinylene carbonate (VC)
having a weight ratio of 100.0:157.1:28.57:2.857,
respectively.
To this solution were added the following ingredients
30 (values indicated are the number of parts by weight of each
ingredient per 100 parts by weight of the ethylene carbonate
in the solution): the polyvinyl alcohol derivative prepared
in Synthesls Example 2 (1.00), the NK esters (all made by
Shin-Nakamura Chemical Co., Ltd.) M-20G (monomethacrylate,
35 9.358), 9G (dimethacrylate, 13.09) and TMPT (trimethacrylate,
1.100), and 2,2'-azobis(2,4-dimethylvaleronitrile) (made by
Wako Pure Chemical Industries, Ltd.; 1.778). The above
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constituents were stirred and mixed to form a nonagqueous

electrolyte solution.

Battery Production:

5 The above electrolyte solution was poured into the
electrode group fabricated as described above in a volume
equivalent to the volume of the above-described electrode
group (100.0 vol%), as calculated from its diameter and
length. The electrolyte-filled electrode group was then

10 laminate-packed under a vacuum of about 76 torr to give a
nonaqueous electrolyte secondary battery.

In this secondary battery, the cell capacity was
defined as the electrical capacity of the positive electrode
active material calculated from a theoretical capacity of 137

15 mAh/g when x = 0.5 in the Faraday reaction

LiCoO, — Li,Co0, + (1-x)Li" + (1l-x)e’

at the positive electrode active material of the battery, and
20 corresponded to a charge capacity of 100.0% (about 36.0 mAh).
The secondary battery was initially charged to 1.50 V
at a current of 0.01C, then charged to 3.20 V at a current of
0.05C. Next, the battery was aged at 55°C for 2 hours, then
at 80°C for 30 minutes to induce electrolyte gelation.

25 The battery was then subjected to three
charge/discharge cycles, each of which consisted of
constant-current/constant-voltage charging to a voltage
setting of 4.20 V and a current cut-off of 0.10C, one hour at
rest, constant-current discharging at 1.00C to a voltage

30 cut-off of 3.0 V, and one hour at rest. Thls was followed by
constant-current discharge at 0.20C to 2.75 V, thus placing
the sample battery in an initial state (SOC = 0%).

The battery was subjected to charging in the pattern
shown below from a 0% charge capacity to respective charge

35 capacity of 20, 50, 80 and 100%.

Charging was carried out in P,[0.036 A (1C), 1 s] —
P,[0 A, 5 s] cycles.

~-69-



U 1810% U& () - Y10% ] & ()-, 10% U& ()- FMLO% U& () - SYZ10% U& () - @ 10%

U& ()-h~{Y7MB70! !\ "$$10% i & ()-1 ! "$$10% & ()-1 a $$109%n& ()-I

"I F"10% N N& ()-!F"10% & ()- YMLO% U& () - @/CHI JK7zodY70! | p~ $10% Ut U& () -
10 U 10 U 10

Example 8
The battery produced in Example 7 was subjected to

charging in the pattern shown below from a 0% charge capacity
to respective charge capacity of 20, 50, 80 and 100%.

5 Charging was carried out in P,[0.108 A (3C), 1 s] —
P,[0 A, 5 s) cycles.

Example 9
The battery produced in Example 7 was subjected to

10 charging in the pattern shown below from a 0% charge capacity
to respective charge capacity of 20, 50, 80 and 100%.
Charging was carried out in P,[0.36 A (10C), 1 s] —
P,[0 A, 5 s) cycles.

15 Comparative Example 4

The battery produced in Example 7 was subjected to
continuous constant-current charging at 0.036 A from a 0%
charge capacity to respective charge capacity of 20, 50, 80
and 100%.

20

Comparative Example 5

The battery produced in Example 7 was subjected to
continuous constant-current charging at 0.108 A from a 0%
charge capaclty to respective charge capacity of 20, 50, 80

25 and 100%.

Comparative Example 6

The battery produced in Example 7 was subjected to
continuous constant-current charging at 0.36 A from a 0%

30 charge capacity to respective charge capacity of 20, 50, 80
and 100%.

After belng charged as described above, the nonagqueous
electrolyte secondary batteries in above Examples 7 to 9
according to the invention and Comparative Examples 4 to 6

35 were then placed at rest for a period of 1 hour, following
which they were discharged at a current of 0.2C to 2.75 V.
FIG. 6 is a plot of the charge capacity versus the amount of
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[2] Overcharge Tests Using Direct-Current Pattern Charging
Example 10

10 The secondary battery obtained in Example 7 was
charged from the initial state at a rate of 0.2C for 5 hours.
The resulting state was defined as a charge capacity of 100%.
The battery was then discharged for 164 hours in an open
cilrcuit state. The resulting discharged state is referred to
15 below as "State 1."
From State 1, the battery was subjected to 150% of
overcharging, based on the rated capacity, in P,[0.036 A (1C),
1 s] - P,[0 A, 5 s] cycles to a total charge capacity of
250%. This was followed by 250% of continuous charging,

20 based on the rated capacity, at a constant current of 0.036 A
to a total charge capacity of 500%.

Example 11

From State 1 in Example 10, the battery was subjected
25 to 150% of overcharging, based on the rated capacity, in

p,[0.036 A (10C), 1 s] — P,[0 A, 5 s] — P,[0.036 A (1C), 1 sl
— P,[0 A, 5 s] cycles to a total charge capacity of 250%.
This was followed by 250% of continuous charging, based on

the rated capacity, at a constant current of 0.036 A to a
30 total charge capacity of 500%.

Comparative Example 7

From State 1 in Example 10, the battery was subjected
to continuous charging at a constant current of 0.036 A to a
35 total charge capacity of 500%.
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continued to climb as charging proceeded. At a charge
capacity of close to 500%, the voltage exceeded 6.0 V and

10 battery rupture occurred.

On the other hand, when overcharging was carried out
by the charging methods of Examples 10 and 11 according to
the invention, as shown in FIGS. 7 to 10, a high voltage
value occurred only during that portion of the cycle in

15 Example 11 when the current passing through was 10.0C;
undesirable conditions such as battery swell did not arise up
to a charge capaclty of 250%. Moreover, even when continuous
constant-current charging was carried out at 1.0C, the
voltage did not rise as in Comparative Example 7, nor did

20 undesirable conditions such as battery swell occur.

[3] Cycle Life of Nonaqueous Electrolyte Secondary Battery
Examples 12 to 14
The secondary battery obtained in Example 7 was

25 subjected to 500 charge/discharge cycles, each cycle
consisting of the following charge/discharge pattern:
constant-current/constant-voltage charging at 25°C and a
current of 1.0C (0.036 A) to a voltage setting of 4.2 V and a
current cut-off of 0.05C, one minute of rest, then

30 constant-current discharge at 1.0C to a voltage cut-off of
2.7 V, followed by another minute of rest. 1In Example 12,
every 100 cycles a full charging method was carried out in

which P,[0.108 A (3C), 1 s] — P,[0 A, 5 s] pattern charging

was repeated 10 times, followed by constant-current/constant-
35 voltage charging at 0.05C.
In Example 13, every 100 cycles a full charging method

was carried out in which P,[0.108 A (3C), 0.1 s] — P,[0 A, 1
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was carried out in which P,[0.36 A (l10C), 0.1 s] — P,[0 A, 1
5 s] pattern charging was repeated 33 times, followed by
constant-current/constant-voltage charging at 0.05C.

Comparative Example 8
The secondary battery obtained in Example 7 was
10 subjected to 500 charge/discharge cycles, each cycle
consisting of the following charge/discharge pattern:
constant-current/constant-voltage charging at 25°C and a
current of 1.0C (0.036 A) to a voltage setting of 4.2 V and a
current cut-off of 0.05C, one minute of rest, then

15 constant-current discharge at 1.0C to a voltage cut-off of
2.7 V, followed by another minute of rest.

In Examples 12 to 14 according to the invention and
Comparative Example 8, the percent retention of the discharge
capacity after specific numbers of cycles was calculated

20 based on a value of 100% for the discharge capacity in the
first cycle. The results are shown in FIG. 12.

As shown in FIG. 12, the percent retention by the
secondary battery in Comparative Example 8 fell to 70% after
500 cycles. By contrast, the percent retention was 72.5% in

25 Example 12, 75% in Example 13 and 80% in Example 14,
indicating that the cycle life can be increased by using a
direct-current pattern charging method to carry out charging.

[4] Nonaqueous Electrolyte Secondary Battery Charging Time
30 Example 15

The secondary battery fabricated in Example 7
according to the invention was charged using the pattern
indicated below from a charge capacity of 0% to charge
capacity of 20, 50, 80 and 100% relative to the rated

35 capacity (36.0 mAh), following which it was left at rest for
one hour, then constant-current discharged at 0.2C (7.2 ma)
to 2.75 V.
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'()-3 10 1@@@@qﬁ¢g}p@~@@3¢p charge capacity of ‘about 50, abo 80 and

100% relative to the rated capacity (36.0 mAh), following
which 1t was left at rest for one hour, then constant-current
10 discharged at 0.2C (7.2 mA) to 2.75 V.
Pattern charging was carried out in P,[1,108 mA

(30.08C), 63.6 ms] — P,[0 A, 177.4 ms] cycles.

Comparative Example 9

15 The secondary battery fabricated in Example 7 was
subjected to continuous constant-current charging from a
charge capacity of 0% to charge capacity of 20, 50, 80 and
100% relative to the rated capacity at a current of 1.0C
(36.0 mAh), following which it was left at rest for one hour,

20 then constant-current discharged at 0.2C (7.2 mA) to 2.75 V.

Comparative Example 10

The secondary battery fabricated in Example 7 was
subjected to continuous constant-current charging from a
25 charge capacity of 0% to charge capacity of 20, 50, 80 and
100% relative to the rated capacity at a current of 3.0C
(108.0 mA), following which it was left at rest for one hour,
then constant-current discharged at 0.2C (7.2 mA) to 2.75 V.

30 Comparative Example 11

The secondary battery fabricated in Example 7 was
subjected to continuous constant-current charging from a
charge capacity of 0% to charge capacity of 20, 50, 80 and
100% relative to the rated capacity at a current of 10.0C
35 (360.0 mA), following which it was left at rest for omne hour,
then constant-current discharged at 0.2C (7.2 mA) to 2.75 V.
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%4 0%DhDh&' () - 3E#@%ﬂbhown in FIG. 14, when continuous charging was

carried out at a constant current, it took about 48 minutes
at a current of 1.0C (Comparative Example 9) and about 18
minutes at a current of 3.0C (Comparative Example 10) to

10 achieve 80% of the rated capacity. At a current of 10.0C
(Comparative Example 11), only about 20% of the rated
capacity was achieved. Thilis is because energy was consumed
in side reactions other than the charging reaction. Most of
the side reactions were accompanied by the evolution of gases.

15 By contrast, when direct-current pattern charging was
carried out in Example 15 according to the invention, even
though the battery was charged at a current of 10.0C, the
coulombic efficiency rose, making it possible to reach about
90% of the rated capaclty. The time required to reach 80% of

20 the rated capacity was about 33 minutes.

In Example 16, direct-current pattern charging was
carried out at a high current of 30C, further increasing
charging efficiency and shortening the time required to reach
80% of the rated capacity to about 14 minutes.

25 As described above, the present invention provides
nonaqueous electrolyte secondary batteries and power supplies
having excellent overcharging characteristics and safety.
Moreover, because the nonaqueous electrolyte secondary
batteries of this invention have excellent overcharge

30 characteristics, when an Ilntermittent or pulsed charging
method is used, charging can be carried out at a higher
current, enabling a good charging efficlency to be achieved.
The inventive batteries can thus be charged at a higher speed
than conventional secondary batteries, making them

35 well-suited for use in electrical equipment that requires
high-speed charging.
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and increasing the charge/discharge cycle life.
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1a . $109%bnUg (A nonagumaNfy qbectLolytmgegqndary battery comprising

I " $10% Us d&pokittavel @ik rode 5h@%a negative electrode which are

5 composed of a lithium ion-occluding and releasing material
and a binder polymer, at least one separator for separating
the positive and negative electrodes, and a nonaqueous
electrolyte which is composed of a lithium salt and an
organic solvent;

10 the battery being characterized in that the
electrolyte includes also a substance that undergoes
oxidation at the positive electrode in a cell voltage range
of 4.1 V to 5.2 V, which substance provokes at the positive
electrode an oxidation reaction that differs from the

15 lithium-releasing reaction.

2. A nonaqueous electrolyte secondary battery comprising
a positive electrode and a negative electrode which are
composed of a lithium ilon-occluding and releasing material

20 and a binder polymer, at least one separator for separating
the positive and negative electrodes, and a nonaqueous
electrolyte which is composed of a lithium salt and an
organic solvent:;

the battery being characterized in that the

25 electrolyte includes also a substance that undergoes
electrode oxidation at the positive electrode in a cell
voltage range of 4.1 V to 5.2 V, which substance provokes at
the positive electrode an oxidation reaction that differs
from the lithium-releasing reaction and enables a reduction

30 reaction that differs from the lithium-occluding reaction to
occur at the negative electrode.

3. The nonaqueous electrolyte secondary battery of claim
1l or 2 which is characterized in that sald electrode

35 oxidation generates oxygen and/or carbon dioxide, and the
oxygen and/or carbon dioxide oxidize a small amount of
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|| @#10% ()Lthy@hmOMBtA)- wh$tBYEotns hlt{ ¥hkBliegative electrode to Li,0

and/or Li,CO,.

4. The nonaqueous electrolyte secondary battery of claim

5 3 which is characterized in that the Li,0 and/or Li,CO, are
reduced to metallic lithium and/or lithium ions at the
negative electrode.

5. The nonagqueous electrolyte secondary battery of any

10 one of claims 1 to 4 which is characterized by, when charging
is carried out at 25°C and a current of up to 10.00C based on
the theoretical capacity of the positive electrode, being
free of positive electrode and negative electrode
deterioration up to a charge capacity L defined as follows:

15 charge capacity L (%) = 5x(charging current C)°°x100.

6. The nonaqueous electrolyte secondary battery of any
one of claims 1 to 5 which 1s characterized in that electrode
oxidation occurs in a voltage range of 1.40 to 1.60 V with

20 respect to an AlQO, reference electrode.

7. The nonagueous electrolyte secondary battery according
to any one of claims 1 to 6 which is characterized in that
the organic solvent is one or more selected from among

25 ethylene carbonate, propylene carbonate, vinylene carbonate
and diethyl carbonate;

wherein electrode oxldation occurs in a voltage range

of 1.05 to 1.61 V, with respect to a standard hydrogen
electrode (SHE), in the organic solvent and under normal

30 temperature and standard atmospheric pressure conditions of
298.15 K and 101.325 Pa.

8. The nonaqueous electrolyte secondary battery of any
one of claims 1 to 7 which is characterized in that the

35 substance which is oxidized at the positive electrode is one
or more selected from among compounds of the general formulas
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R-CO-R, R-CO-OR, R-CO-NR'R, RO-CO-X-CO-OR and RR'N-CO-NR'R;

wherein each R is independently a substituted or

unsubstituted monovalent hydrocarbon group, each R' is
5 independently a hydrogen atom or a substituted or

unsubstituted monovalent hydrocarbon group, and X is a

divalent organic group.

9. The nonagueous electrolyte secondary battery of any
10 one of claims 1 to 8 which 1s characterized in that the
nonagqueous electrolyte is a polymer gel electrolyte.

10. The nonagueous electrolyte secondary battery of claim
9 which is characterized in that the polymer gel electrolyte

15 is obtained by gelating an electrolyte composition composed
primarily of a compound having a reactive double bond on the
molecule, an organic solvent and a lithium salt.

11. The nonagqueous electrolyte secondary battery of any
20 one of claims 1 to 10 which is characterized in that the
separator has a porosity of at least 40%.

12, The nonaqueous electrolyte secondary battery of claim
11 which is characterized in that the separator is composed

25 of at least one material selected from among cellulose,
polypropylene, polyethylene and polyester, and has a porosity
of at least 60%.

13. The nonaqueous electrolyte secondary battery of any
30 one of claims 1 to 12 which is characterized in that the
binder polymer in the positive electrode and/or negative
electrode is composed of a thermoplastic polyurethane resin
having a swelling ratio, as determined by the formula

Weight in grams of swollen thermoplastic resin after

24 hours immersion in electrolyte solution at 20°C (g)
Swelling ratio (%) = — - - - - x 100,
Weight in grams of thermoplastic resin before immersion

in electrolyte solution at 20°C (g)

35 in a range of 150 to 800%.
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disposed between the positive and negative electrodes, and a

polymer gel electrolyte;

5 which battery is characterized in that the separator
is a porous film or porous sheet composed primarily of

cellulose.

15. The nonaqueous electrolyte secondary battery of claim 14
10 which is characterized in that the separator has a thickness

of 20 to 50 um and a porosity of 65 to 85%.

16. The nonagueous electrolyte secondary battery of claim
14 or 15 which is characterized in that the polymer gel

15 electrolyte is obtained by gelating an electrolyte
composition composed primarily of a compound having a
reactive double bond on the molecule, an organlic solvent and

an ion-conductive salt.

20 17. The nonagueous electrolyte secondary battery of any
one of claims 1 to 16 which is characterized by having the
following characteristics (A) and/or (B):

(A) a cell voltage of less than 5.5 V when overcharged
at 25°C to a charge capacity which is 250% the cell capacity,

25 (B) a battery surface temperature of less than 90°C
when overcharged at 25°C to a charge capacity which is 250%
the cell capacity.

18. A power supply comprising a plurality of nonaqueous
30 electrolyte secondary batteries according to any one of
claims 1 to 17 which is characterized in that the batteries

are arranged in series and/or in parallel.
19. A portable device characterized by being equipped with

35 a nonaqueous electrolyte secondary battery according to any
one of claims 1 to 17.
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5 21. A household electrical appliance characterized by
being equipped with a nonagqueous electrolyte secondary
battery according to any one of claims 1 to 17.

22, A method of charging a nonaqueous electrolyte

10 secondary battery comprising a positive electrode and a
negative electrode which are composed of a lithium-occluding
and releasing material and a binder polymer, at least one
separator for separating the posltive and negative electrodes,
and a lithium salt-containing nonaqueous electrolyte;

15 the charging method being characterlized in that, when
charging is carried out by combining various charging
patterns P, each speclfied by a current value X (in amperes,

where X = 0 A) and a charging time t (in seconds, where t = 0
s), in the manner P,[X,, t,] — P,[X,, t,] — P,[X;, t;] ***—

20 P.[X, t,] — P,,,[X,,,, t,,] (wherein n is an integer = 1), the
consecutive charging patterns P have mutually differing
current values X.

23. The nonagueous electrolyte secondary battery charging
25 method of claim 22 which is characterized in that the current

value X, for charging pattern P [X 6, t,] is at least 1C (1

hour rate) and the current value X, ,, for charging pattern

P...[X,,:, t,.,] (wherein n in each case is an integer = 1)

satisfies the condition 0 = X ,, < X,.

30
24. The nonaqueous electrolyte secondary battery charging
method of claim 22 or 23 which is characterized in that the
current value X, for charging pattern P [¥X , t,] is at least

3C (0.33 hour rate) and the current value X ,, for charging

35 pattern P ,[X,,;. t,.] (wherein n in each case is an integer =

1) satisfies the condition 0 = X, ,, < X,.
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in that the charging time t, for charging pattern P, [X,, t,]

25 (wherein n is an integer = 1) is at most 1 second.

29. A nonaqueous electrolyte secondary battery charging

method which is characterized by carrying out the charging

method of any one of claims 22 to 28 in combination with dc
30 constant-current charging and/or constant-voltage charging.

30. A nonaqueous electrolyte secondary battery charging

method which is characterized by carrying out the charging

method of any one of claims 22 to 28, then carrying out dc
35 constant-current charging and/or constant-voltage charging.
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and an organic solvent

wherein the electrolyte includes also a substance that
undergoes oxidation at the positive electrode in a cell
voltage range of 4.1 V to 5.2 V, which substance provokes at
the positive electrode an oxidation reaction that differs
from the lithium-releasing reaction.

33. The nonaqueous electrolyte secondary battery charging
method of any one of claims 22 to 31 which is characterized
by the use of a nonaqueous electrolyte secondary battery
comprising a positive electrode and a negative electrode
which are composed of a lithium ion-occluding and releasing
material and a binder polymer, at least one separator for
separating the positive and negative electrodes, and a
nonaqueous electrolyte which is composed of a lithium salt
and an organic solvent;

wherein the electrolyte includes also a substance that
undergoes electrode oxidation at the positive electrode in a
cell voltage range of 4.1 V to 5.2 V, which substance
provokes at the positive electrode an oxidation reaction that
differs from the lithilum-releasing reaction and enables a
reduction reaction that differs from the lithium-occluding
reaction to occur at the negative electrode.
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electrode deterioration up to a charge capacity L defined as

follows:

20 charge capacity L (%) = 5x(charging current C) % *°x100.

37. The nonagqueous electrolyte secondary battery charging

method of any one of claims 32 to 36 which is characterized

in that electrode oxidation occurs in a voltage range of 1.40
25 to 1.60 V with respect to an AlO, reference electrode.

38. The nonagueous electrolyte secondary battery charging
method of any one of claims 32 to 37 which is characterized
in that the organic solvent 1ls one or more selected from

30 among ethylene carbonate, propylene carbonate, vinylene
carbonate and diethyl carbonate;

wherein electrode oxldation occurs in a voltage range

of 1.05 to 1.61 V with respect to the standard hydrogen
electrode (SHE) in the organic solvent and under normal

35 temperature and standard atmospheric pressure conditions of
298.15 K and 101.325 Pa.
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