1 [DESCRIPTION] BINDER FOR LITHIUM ION BATTERY ELECTRODE, PASTE FOR LITHIUM ION
BATTERY NEGATIVE ELECTRODE, AND METHOD FOR PRODUCING LITHIUM ION BATTERY
NEGATIVE ELECTRODE [Technical Field] [0001] The present invention relates to a binder for a
lithium ion battery electrode, a paste for a lithium ioq battery negative electrode using the same, and a
method for producing a lithium ion battery negative electrode. [Background Art] [0002] A lithium ion
battery, as a chargeable high capacitybattery, enabled an electronic device to have a higher function
and to operéﬂ% %PI%ES‘ ime. Furthermore, the lithium ion battery is installed in vehicles and is
considered as aypromising batterﬁ/ ofhybridvehiclesandelectricvehicles. The lithium ionbattery, which is

now used wildy iRchies an Artbe WiateHal SHCH FLRhT CoBalAte, & poSitve Slectiods formed by
applying a Rasie ceyiaing, hinder susfyas polyyigylideng forde. (YD) an go alumjnugy fol and

a negative alectréde forme by applying a paste containing a carbon base

binder suchﬁNnggT%'%%sg%?}%&%@%rteﬂ , 51&5 (SBR) on a copper foil. [0003] 2 In order to
el

further increase a capacity o ium ion battery; use of silicon, germanium or tin as a negative
electrode actiye rgateria?.h%s b?%n studied (see, for example, Patent Literature .1). Since the negative
Jechnica e ld] . . . . )
electrode active material using silicon, germanium or tin can receive lots of lithium ions, the active
material undﬁ{%}e? a large change in volume between the time when sufficient charging is performed
and the time when 'sufficient discharging is performed, and thus it is impossible for the binder such as
PVDF or SBR to follow the chanrgtfz in_volume of the ?g%\é% n%aéega!égg%éego%%rusae czf.%gga!yzgﬂmlde resin

. e reseaer nve 10an re 210 .
having more excellen méchanical characteristics as a binder of & negative €lectrode has been studied

(Se&forex%gg@m@%ggg%ﬁg@yg%églqgggsteforealithbﬂnionbatterynegative
electrode using the same, and a methed for producing a lithium
ion battery negative electrode.

[BRBackground Art]
[GCC21]

Alithiumionbattery, asachargeablehighcapacitybattery,
enabled an electronic device to have a higher function and to
ocperate over a long time. Furthermocre, the lithium icn battery
is installed in vehicles and is considered as a promising battery
ofhybridvehiélesandelectricvehicles. The lithiumionbattery,
which is now used widely, includes an active material such as
lithium ccbaltate; a positive electrode formed by applying a
paste containing a binder such as polyvinylidene flucride (PVDF)
on an aluminum foil; and a negative electrode formed by applying
a paste containing a carbon based active material and a binder
such as PVDF or a styrenewbutédiene~rubber {SBR) on a copper
foil.

[0003]



Use of such novel high capacity active material may often cause discharging of electricity only in the

guantity smaller than that in the case of charging, when discharging is performed afterinitialcharging.

Therefore, astudyisnowmadeonamethod in which an improvement is made by adding lithium, first

(see, for example! Patent Literature 3). [0005] 2',I'here is also a problem that use of a polyimide

resin as a binder causes low first time efficiency. To cope with the problem, there s disclosure that use

of a mixture of two kinds of polyimide resins each having a different molecular weigggt, 3 for example,
Tt

a polyimide resin having & ioleculaF Weight of iE<sthan 106000 and a polyimide-resihalihg a

molecular weight of 100,000 or more and less than, 200,000, enables thefrgd%cti n of a binder

bi

capable of Mamtéining point bifiding properticd Ghd %f?eonzgt%%gn%stﬁug?ﬁcreéginge(iin?t?a{i J:e(?ﬁéce’ihency

without causing deterioration of current coIIectign (gzharacteristics [see, for ex%mple P%ten,t Literature
udled (s for'example, Patent

4). [Citationt Y] [Pafeht Eitdraturdf S °S°m © see,

Literature 1). Since the negative electrode active material
usingsilicon,germanmﬁnortinbanreceivelotsof1ithiumions,
the active material undergeoes a large change in volume between
the time when sufficient charging is performed and the time when
sufficient discharging is performed, and thus it is impossible
for the binder such as PVDF or SBR to follcw the change in volume
of the active material. Therefore, use of a polyimide resin
having more excellent mechanical characteristics as a binder
of anegativeelectrode has been studied (see, for example, Patent
Literature 2).

[0004]

Use of such novel high capacity active material may offten
cause discharging of electricity only in the guantity smaller
than that in the case of charging, when discharging is performed
afterinitial charging. Therefore, astudy isnowmade onamethod
in which an improvement is made by adding llthium Iirst ({(see,
for example, Patent Literature 3).

[0C05]

There 1s alsc a problem that use of a pelyimide resin as
a binder causes low first tLime efficliency. To cope with the
problem, there is disclosure that use of a mixture of two kinds

of polyimide resins each having a different molecular weight,



[0006]

[Patent Literature 1] JP 2009-199761 A [Patent

for example, a poclyimide resin having a molecular weight of less
than 100,000 and a polyimide resin having a molecular weight
of 100,000 or more and less than 200,000, enables the production
of a binder capable of maintaining point binding properties and
strength, and thus increasing initial efficiency without causing
deterioration of current collection characteristics (see, for
axample, Patent Literature 4).

{Citation List]

[Patent Literature]

[0006]

[Patent Literature 11 JP 2009-198761 A

[Patent Literature 2] JP 2009-245773 A

[Patent Literature 3] JP 2007-294423 A

[Patent Literature 41 JP 2009-238659 A

[Summary of Invention]

[Technical Problem]

[0007]

An object of the present invention is to provide a binder
fora lithium ion battery electrode, which exhibits high initial_
efficiency.

[Sclution to Problem]
[0008]

The present invention is directed to a binder for a lithium

ion battery electrode, comprising a polyimide precursor having

a tetracarboxylic acid residue and a diamine residue and/or a



Literature 2] JP 2009-245773 A [Patent Literature 3] JP 2007-294423 A [Patent Literature 4]

polyimide, the polyvimide precursor having a residue of a
tetracarbozylic dianhydride selected from those represented by
the following general formulas (1) and (2) as the tetracarboxylic
acid residue, and a residue of a diaminerselected from those
represented by the following general formulas (3; and (4) as
the diamine residue, tThe content of the acid residue being from
0.90 to 0.95 moles based on 1 mole of the diamine residue:
[0009]

[Chemical Formula 1]
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JP 2009-238659 A [Summary of Invention] [Technical Problem] [0007] An object of the present
invention is to provide a binder for a lithium ion battery electrode, which exhibits high initial efficiency. [
Solution to Problem] [0008] The present invention is directed to a. binder fora lithium ion battery
electrode, comprising a polyim de precursor havingBa tetracarboxylic acid residue and a diamine
residue and/or a 4 polyimide, the polyimide precursor having a. residue of a tetracarboxylic
dianhydride selected from those represented_ by the following general formulas (1) and (2) as the
tetracarboxylic acid residue, And a residue\of a diamine selected from those represented by the
following general m (B) and (4) ag th diaminecrgidue, the content of the acid residue being
from 0.90 to*@f?‘%_Qle/S/p edop 1 rgo/ ofl th& diamin€ residue: [0009]

(Rs)a (Re)r

[D010]
wherein R* to R® in the general formulas (1) to (4) may be
respectively the same or different and represent a group selected
from an alkyl group having 1 to 4 carbon atoms, é flucreoalkyl
group having 1 to 4 carbon atoms, an alkoxyl group having 1 to
4 carbon atoms, a phenyl group, and a phenyl group in which at
least one of hydrogen atoms is substituted with an alkyl group
having 1 to 10 carbon atoms; Y represents a direct bond, or a
group selected froman alkylene group having 1 to 10 carbon atoms,
a fluorcalkylene group, a cycloalkylene group having 4 to 10
carbon atoms, a fluorocycloalkylene group, a carbonyl group,
an ester group, an amide group, a sulfide group, an ether group
and a sulfonyl group; n is an integer of from 0 to 2; m and o
arerespectivelyintegersof fromOto3; p, gandrarerespectively
integers of from 0 to 4; and s is an integer of from 1 to 4.
[0011]

The present invention also incliudes a paste for a Lithium
ion battery negative electrode, comprising the above binder for
a lithium ion battery electrode, and a negative electrode active

material containing one or more atoms selected from a silicon



[Chemical Formula 1] 00/0 (2) 8 (IR.2)m(1,6). NH2 (3) 5

atom, a tin atom and a germanium atom.
[0012]

The present invention also includes a method for producing
a lithium ion Eattery negative electrode, which comprises
applying the above paste for a lithium lon battery negative
electrode on a metal foil in a thickness of 1 to 100 um, followed
by subjecting to a heat treatment at 100 to 500°C for 1 minute
to 24 hours.

[Advantagecus Effects of Invention]
[C013]

Use of the binder for a lithium ion battery electrode of
the present invention may enable an improvement in initial
efficiency of a lithium ion battery. Particularly, even in the
case of using a negative electrode active material containing
one or more atoms selected from a silicon atom, a tin atom and
a germanium atom, high initial efficiency can be obtained.
[Description of Embodiments]

[0014]

The binder foralithiumionbatteryelectrodect thepresent
invention {(hereinafter may be referred to as a binder) is/are
a polyimide precursor having a tetracarboxylic acid residue and
a diamine residue and/or a polyimide.

[0015]
The respective resins will be described below.

The polyimide is a polymer having a tetracarboxylic acid



[0010] wherein 121 to R6 in the general formulas (1) to (4) may be respectively the same or different
and represent a group selected from an alkyl group having 1 to 4 carbon atoms, a fluoroalkyl group
having 1 to 4 carbon atoms, an alkoxyl group having 1 to 4 carbon atoms, a phenyl group, and a
phenyl group in which at least one of hydrogen atoms is substituted with an alkyl group having 1 to 10
carbon atoms; Y represents .a direct bond, or a group selected from an alkylene group having 1 to 10
carbon atoms, a fluoroalkylene group, a cycl Walkyle},r]\e group hgying 4 t&%o ga@og qtgrsnﬁsl,\_a
fluorocycloalkylenegrotip 2acatBomyt grotip”an ester Groap, an amids group, a Sulfide grolip, an ether
group and a sulfonyl group; n is an inte%er of,éfro_.rg\ 1() dto 2;rné gngvooara ri%??ec 1yeI% igte ersofomOto
3 p, g andfare fesPecti/En inteders of fom 0 16 4 antl s is an‘integer of from I to 4 [0011]  The
present invention also includes a I[?lastelqurya Iit][jri{yen; lon ba%teirg ne a;ii/ele{lecgg\dre,,: com rising the
above bindef fot Afithiufm’ich DATary slectfode. and & negative Slectrode active material containing
one or more atoms selected from a silicon ,6 atom, a tin atom an rmanium atom.{0012] The
present invehition diso fricltides'a %ndj?hgg ?graﬁr%aﬁginagna%%jﬁ?ﬁ% %ﬁrggttlerrlyanéé%%iveoe e}%}(%de, which
comprises appl in%éhe abo%/e <,Pastelfolr a.llggium ion battery negative electrode on a metal foil in a
thickness of 110 1 aﬁrIﬁ, fo Iowe%cbyYSI%Jecti'ng to a heat treatment at 100 to 500C for 1 minute to 24
hours. [Advr@lbaig@eﬁous Effects of Invention] [0013] Use of the binder for a lithium ion battery
electrode of the present invention may enable an improvement in initial efficiency of a lithium ion
battery. Particularly, even i the case of using aledative eleqtrods adtive majgtial confaining one or
ore atoms selected froma silicor aton?, a tin atom and a germanium atom, high initial efficiency can be

mﬁamea[Q%%%gygg@EE@Q%%%&@%RE&%%%{ougheaheattreatmentoreachemical

T

%}

treatment. Examples of the polyimide precursor include
poly(amic acid), poly{amic acid) ester, polyisoimide and the
like. The poly(amic acid) is a polymer having a tetracarboxylic
acid residue and a diamine residue, which can be obtained by
polymerizing a tetracarboxylic dianhydride with a diamine. The
ooly(amic acid) ester is a polymer having a dicarboxylic acid
diester residue and a diamine residue, which can be obtained
by polymerizing a dicarboxylic acid diester with a diamine, or
reacting a carboxyl group of a poly(amic acid) with an
esterification reagent. Examples of the esterification reagent
inciude an acetal compound such as dimethylformamide dialkyl
acetal, dihydropyran, halogenated alkyl, vinyl ether and the
like. The polyiscimide is a polymer having a diiscimide residue
and a diamine residue, which is obtained by dehydration
ring-cliosing of poly{amic acid).using‘dicyclohexylcarbodiimide
or triflucroacetic anhvdride.

(00373



The binder for a lithium ion battery electrode of the present invention (hereinafter may be refer ed to as
a binder) is/are a polyimide precursor having a tetracarboxylic acid residue and a diamine residue
and/or a polyimide. [0015] The respective resins will be described below. 7 residue and a diamine
residue, which is obtained byring-closing of the below-mentioned polyimide precursor through a heat
treatment or a chemical treatment. it is possible to preferably use a polyamideimide containing an
amide bond in a part of the main c %i)n of a polﬁqmi e. [0016 The polyimide precursor refers to a

h
resin which can be ¢ofverted it &' pofyimide throlgh a Réat thsstment or & Ghémical fréattient.

Examples oéghetp(%lyimigje precursor includeogoly éargicﬁ. acid) , pol¥éamic,ﬁa(;,_id ester, polyisoimide and
the like. The poly (Bmi¢ adid) is'8 polynier having & tetracarboxylic adid fesidle &hd 2 diamine residue,

which can beeqbptgltneeg . Q%Iy{n%nzm a tetraciarbo&llc %Ii%héoglde with a diamine. The tqﬁoﬁly (amc

. Selie ; etracarboxy i an rodes represented. =
acid) ester is a polymer having a dicar oxy(flcyam&dlesat\er idue and a'diaming resu?d/e, which can be

obtained by polymerizing a dicarboxy] ¢ acid diester it a diamine. or reacting a carboxy) group of a
poly (amic acid) with an edterification reagent . xamplaesg héesterificationreagen incitide an acetal
compound s&cgqals g_iﬂe leg%rg}%{gige dia'_g}geﬁ%ﬁt%ligih 1fq;lo yran, halogenated alkyl, vinyl ether and

the like. The 5ol‘yi556 mide’is'a polymer }ﬁg\gmg a dilsoimide residue arid a diamine residue, which is

obtaned by detydaion ing-closing,of ol (ami asid g dieloberyrbodfimde o,
tetracarboxylic dianhydrides, tetracarboxylic dianhydride
representedby the general formula (2) isparticulariypreferable.
Specific examples therecf include biphenyltetracarboxylic
dianhydride and the like.

(0018}

It is possible to use, as the other tetracarboxylic
dianhydride, benzophenonetetracarboxylicdianhydride, diphenyl
ether tetracarboxylic dianhydride,
diphenvlsulfonetetracarboxylic dianhydride,
hexafluorcopropylidenebis(phthalic anhvdride) and the 1ike. It
is also possible to use aliphatic tetracarboxylic dianhydrides
such as cyclobutanetetracarboxylic dianhydride,
butanetetracarboxylic dianhydride,
cyclopentanetetracarboxylic dianhydride,
cyclohexanetetracarboxylic dianhydride, and
naphthalenetetracarbeoxylic dianhydride.

[0019]
In place of these tetzacarboxylic'dianhydrides, a

dicarboxylic acid diester or tetracarboxylic acid having the



The t etracarboxylic dianhydride used for the production of the polyimide precursor used in the present
invention Is selected from tetracarboxylic dianhydrides represented by the general formulas (1) and (2).
Examples of the tetracarboxylic dianhydride include pyromellitic anhydride, biphenyltetracarboxylic
diannydride and the like. Of these tetracarboxylic dignhydrides, tetracarboxyl ¢ dianhydride
representedbythegeneral formula (2) isparticularlypreferable. Specific examples thereof include
biphenyltetracarboxylic dianhydride and the like. [0018] It is possible, to use, as the other
tetracarboxy i@ gidhfydiide BehzbphefdretdtraCarbdxyiicaianhydride, diphenyl ether tetracarboxylic
dianhydride, diphenylsulfonetetracarboxylic dianhydride, hexafluoropropylidenebis(phthalic anhydride)
and the Iike.E ¢ @kso possible to use aliphatic tetracarboxylic dianhydrides such as
cyclobutanetetracarboxylic dianhydride, butanetetracarboxylic dianhydride, )
cyclopentanetetracafb%ﬁ/ﬁ@%%ﬁ%?ioﬁae, CydIeHeXaRBLetratarbbxyiic diahhydtias dhd - <=/
naphthalenetetracarboxylic dianhydride. [0019] In place of these tetracarboxylic dianhydrides, a same
basic skeleforFca &168 be uset {08361 - THE compOnEAIS erivbt Trom {EuaCATBORT ic
dianhydride, dicarboxylic acid diester and tetracarboxylic acid compases a tetracarboxylic acid residue
of poly(amic 861} Aicafboxylicacil diESar residbe ot Bolg(ariic acie) esfer. AT & ddditiide residue
of polyisoimide, respectively. Herejnafter, a tetracarboxylic d anhydride residue, a tetracarhoxylic acid
residue, a oﬁ’@&rgoigf?cs L&l 5i%§fe%35%éfo§*¥fkaag‘iils%i¥n% g ?'egi(%%%ra’reacnoif?e%tlvle%ysgﬂré%gg specific
acid residue.?[OO%ﬁ The polgimide or pollyimide&recur or may, have afrgsidue of a tricarboxylic
acid such as tfimalitic %]Eif&’lt}ﬁi’rir%é;s% acid, or 2 fésidue of-a dicargc%%ylfi% acid such as phthalic acid,
naphthalenedicarboxylic acid, adipic acid, hexamethylenedicarboxylic acid, .or cyclohexanedicarboxylic
acid, togeth(i‘éff3 Evritﬁctﬁg%%%\f/g is,c|f)eC(L:?i ic At Fels?aue]?%%adéloen’ter?t 0 %Fe%?c?u}febgtﬁ :lf‘hcanat%le%de specific
acid residu%seigitgqgol%inaigg OrthOI imide Q{:ecuragreigtpergf%rggly %O mé)lllecggr I 1s}_ssbaismelxj on 100
moles of the s’pecﬁfc acid resﬁue.o[ggﬁ]c The aiamine usedl%r?lﬁe production of the polyimide
precursor used in.the present invention is.selected from diamines represented by.the general formulas
(3) and (4. ESC s B e oo T 0 DHE A e A ng S0 arOBAtS e,

L00211

The polyimide or polyimide precursor may have a residue
of a tricarboxylic acid such as trimellitic acid or tritrimesic
acld, or a residue of a dicarboxylic acid such as phthalic acid,
naphthalenedicarboxylic acid, adiplc acid,
nexamethylenedicarboxylic acid, or cyclohexanedicarboxylic
acld, togetherwith the above specificacidresidue. Thecontent
of a residue other than these specific acid residues in the
polyimide or polyimide precursor is preferably 50 moles or less
based on 100 moles of the specific acid residue.

0022]

The diamine used for the producticn of the pelyimide
precursor used in the present invention 1s selected fromdiamines
represented by the general formulas (3) and (4). Examples df

the diamine include phenylenediamine having one aromabtic ring,



10 and alkyl group-substituted phenylenediamines such as diaminotoluene, diaminoxylene and
diaminoethylbenzene; diam.inodiphenylmethane, diaminodiphenyl ether, diaminodiphenyl sulfide, diam
nodiphenylsulfone, benzidine, diaminobenzanilide and 2,2-bis(4-aminophenyl)hexafluoropropane,
each having two aromatic rings; 1,4-bis[1-(4-aminopheny1)-1-methylethyl]benzene and
bis(aminophenoxy)benzene, each having three aromatic rings; bis(aminophenoxyphenyl)sulfone
bis(aminophenoxyphenyl)propane and his(aminophenoxyphenyl), each having four aromatic rings; or
those in whith-atleast one 6H Ry dibgEn atoms %f %Fb%}é/)%gﬁr?gj(ﬁ)“r&tl fheegéesdfac%hinaéss is substituted with
a group selected from an alkyl group having 1 to 4 carbon atoms, a fj% oroalkyl group having 1 to 4
carbon atorﬂé,agﬁﬁfﬁﬁgug%ﬁp habify 1 ?59 X%%?ﬁonagtcgrﬁsl,%mﬁﬁjlé)ney%¥§lj%pefézr%jnae phenyl group in
which at least gne hydiogen atom s substituted with. an alkyl.groun, having .10 10.carkan gtoms.
[0023] &' hdssible 16 lde Aliphatic diamines Such as ethylenediamine, propanediamine
butanediamine, pentanediamine, hexanediamine. heptanedia ine, octanediamine, diaminoethyle e
glycaol, diamsirlf”leiob"r}'éj“peyle%%aé?fié]ﬁ ,déi fami HH%&%%%%@%@%%&%%% fnéﬁgwjﬁp%?e%ze%ﬁ/co ,
cyclopentyldiamine, and. cyclohexyldiamine, .in the amount within a range ggrp 1,10,5Q% t%}g/eight in
the whole d?anngi]n%’c%r%&o%gnt.a?{q%%]n Y E?sxgggup%ggﬁeo Foalr.%é s icon-cOnta§|?11| g diamines
such as 1,3-his(3- Ticnolprop SI)_tetramethyldisiloxane, 1,3-bis(3-am nopropyl)tetraethyldisiloxane, 1,3-b

s(3-aminop?o]b(§/ fetraméthio ydisiloxane, 1,3-h s(3-aminopropyl)tetrapropyldisiloxane,

1,3-bis(3-aminopropyhdimethyldiphen el}%isi xane -Pi inopr i ylhydrodisiloxane,
bis(4-amincr%hgg)%l}tgirg&%h)%gﬁél 8%%/1& %i,%-hg(i“%%§§é%m s

ophenyl)tetraphenyldisiloxane, a,c-bis(3-am

opropyl)hexamethyltrisiloxane -b'é g-q{ginoggowl)gggpg@ylg%@lo&g% i - :
1,3-bis(3-a)r%1)|‘|lﬂ%gér%ﬁply (tjt.gt)%p %&Tﬁsﬁéx%né,’ and 1,5-his(21arhinoethyl)tetrapﬁeﬁﬁdi%m?t iltrisiloxane,

in the amouggvgit(rgna ra eegglg%@g%}ﬂ\ggigpg'p;léhewholediamine component. Modification with the

o . L1110 . . -
silicon-containing diamine may enable an improvement in adhesion to silicon.

bis(aminophenoxyphenyl)propane and bis({aminophenoxyphenyl),
each having four aromatic rings; or those in which at least one
of hydrogen atoms of arocmatic ring(s) of these diamines 1is
substituted with a group selected from an alkyl group having
1 to 4 carben atoms, a fluorcalkyl group having 1 to 4 carbon
atoms, an alkoxyl group having 1 to 4 carbeon atoms, & phenyl
gfoup, and a phenyl group in which at least one hydrogen atom
ig substituted with an alkyl group having 1 to 10 carbon atoms.
[0023]

It is possible to use aliphatic diamines such as
ethylenediamine, propanediamine, butanediamine, pentanedianine,
nexanediamine, heptanediamine, octanediamine, diamincethylene
glycol, diaminopropylene glycel, diaminopolyethylene giycol,

diaminopclypropvlene glyccl, cyclopentyldiamine, and

e

cyclohexyldiamine, in the amount within a range from 1 to 50

by weight in the whole diamine component.



[0025] In the present invention, an amino group is formed at the end of the polyimide and the
polyimide precursor by adjusting the amount of the acid residue within a range from 0.90 to 0.95 moles
based on 1 mole of the diamine residue. Since the amino group behaves similarly to cations and thus,
becomes less likely to allow Li ions to come near & hinder, initial efficiency is improved and also
charge/discharge cycle characteristics are 12 improved. On the other hand, when the amount of the
acid dianhydride residue decreases to less than 0.90 mole based on 1 mole of the diamine residue,
chemical reSistarice or mechanical characteristic of the polyimide or the polyimide precursor to an
electrolytic solution or a bas.e deterior%t,es..#\(/)Vﬂene tg? ]'r}](egpl@_nig%l%trierﬂ%h dqe%r%z%seess a film may be
fractured by stress due foa aRGE Tn Volume of an active material. leading fo peeling of the active
material. On the other hand, when the amount of the tetrac r%box ic dianhydride residue is more than
0.95 mole baasse%’ogjr:%%nso(ig it the' diam é&insﬁ &1 %we%% fi%%/gﬁxaa}rrlll%b group existing at the end
may decrease, leading,to weak effect of .improving first time efficiency . Furthermore, when the amount
of the tetra?:ldr%oe%jll‘?: @?a%ﬁ&%‘%ﬁ%@ u)(ag](r%rrecééégg oslé%%lr%%f(e%ngr’more based on | mole of the
diamine residue 1 mole, an acid may remain at the ennd of&'hepp&!, 'dce and thus become likely to trap
SR - L 1) e t o . ) :
lithium |onsi,’lléa %18 {g aa&lc?ggsreoéﬁetlé?éfvﬁétl:né%cy?}lg%e la?nount%]llt1 the acid residue is preferably
from 0.91 to 0.95 mole, more preferably from 0.91 to é%% gﬁlgxgﬁ% still more preferably from 0.91 to
0.94 mole,ct))lés?i on §3 mgf%léf%ﬁg%ggr%/i)n%e?egﬁ re?f) 026? in addition to the tetracarboxylic acid
residue, a tricarboxylic-acid residue or a d'carg%ﬁj{fcﬁ id residusa is:gontained, the total content of
these acid réé%u%%%sggdﬁj%%éndj Wwithin'a %anlgné fro 0.9%)E to 0:95 mole based on 1 mole of the 13
diarmine residug. (0021 ..., e pueseot iventan, i coplent of heetracarboxylic acid residue

- o |n r

. ' n ) .
and the diamine residue in the r'can be calculated from charge amounts of the tetracarboxylic

anhydride aggstr(]g —d%]%nﬂin %}H%ﬁ%ﬁ@@?ﬂﬁglﬂwa@g@? polyimideorthepolyimide precursor. It is

possible to use, as the metho which the content of the tetracarboxylic acid residue and the content

of the diamipe residue are measyred from the,obtained polyimside g, polyimide predursor, the

following method . First, a poly mide or a polyimide precursor is hydrolyzed by a heat treatment in an

agueous tetramethylanmonium hydroxide; solution. at.a temperature,pf 100 to 300C. The contents of

the tetracarboxylic acid residue and diamine residue can be determined by analyzing the hydrolyzed

sample using liquid chromatography,,gas chromatography, NMR,anEC-MS in which mass
spectrometry is combined with gas chromatography.
1, 3-bis(3~aminopropyl)tetraphenyldisiloxane, and
1,5-bis{2~amincethyl)tetraphenyldimethyltrisiloxane, in the
amount within a range from 1 to 30% by weight in the whole diamine
component. Modification with the silicon-containing diamine
may enable an improvement in adhesion to silicon.
[0025]
In the present invention, an aminoc group 1s formed at the
end of the polyimide and the polyimide precursor by adjusting
the amount of the acid residue within a range from 0.90 to 0.95
moles based on 1 mole of the diamine residue. Since the amino
group behaves similarly to catiens and thus becomes less likely
to allow Li ions to come near a binder, initial efficiency is

improved and also charge/discharge cycle characteristics are



[0028] The number average molecular weights of the polyimide and polyimide precursor can be
calculated from the loading amounts of the tetracarboxylic anhydride and the diamine used for the
production of the polyimide or the polyimide precursor. The number average polymerization degree is
decided by the loading amount, and the number avefage molecular weight can be calculated by
multiplying one unit of the molecular weight. The number 14 average polymerization degree to be
calculated fjr‘om}% (faéig of %.I?O%t% 90.95, ;pole% gf a tetracarboxylic anhydride fo %h@°|§c°f a diamine 1
mole falls within a range from 10to 20. Regard: ' T o
themethodinuhighthenumberayeragemaleculanyeightismeasured. from the ghtained.palyimige or
pokyimide precurs%r, the measurement can be performed by a GPC methoan?polystyrene standards)
using, as an eluent, N-methyi lidone (I c Ini nQri id ithium.chlaride in
each conce?ﬂtrrﬂegt?o% %’% Ot. ]‘é rér%g%e%(l_? g%d%%%%ﬂlr%i)h. %g(t%% %P?ﬁg %?rlgciger}%g%‘ t%arg%%egs}é%??n%%tion

contains the. aboxe polymide.and/or paliide presursar- The binder may sqpiain, gply.gne kind or two

or more kinds of them . T ebindermaycontain, in addition to these résins, resins discomposable at

comparatively low temperatiire, such as SBR, polyefhylene glycal, and polypropylepe glycol. In the

below-mentioned method for producing an electrode, such low-temperature decomposable resin is

decomposeg.ly,a fieat reatment, and, thys.making i @Qi%bﬁ%éo gbtaip.an eleciede including pores

existing therein. A ratio of the total amount of the polyimide and polyimdde precursor to the

low-tempergure decompasable resin, s preferably within arange irpmlle%(}i}ﬁgE§Q>r PR interms of a

weight ratio. [0030] The binder of the present invention may further contain 15 Examples of the

viscosity adjuster, include; carhoxymethyl cellylose, hydrexyethyl.cellulase, hydroxypropyl cellulose and
the like. The binder may also contain a silane coupling agent such as aminopropyltrimethoxysilane,

trimethOXyVE?yéSi@é@r%rééi%Q%Yﬂ&yﬁ% llape a triazinerhased E@EQOHHQnaO .95 mole
phenanthroline-based compound, a triazole-based compound and the like in the amount of 0.1 to 10

parts by weight based an 100parts by weight of the-total.amount.ef the.palyimide and pelyimide precu

sor. Inclusion of these compounds enables a further increase in adhesion to an active material or a
metal foil. [0031]y existing at the end may decrease, leading to weak effect

of improving first timeefficiency. Furtherﬁore,whentheamount
of the tetracarboxylicdianhydride residue increasestol.0moles
or more based on 1 mole of the diamine residue 1 mole, an acid
may remain at the end of the polyimide and thus become likely
totraplithiumions, leadingtoadecrease ininitial efficiency.
The amcunt of the acid residue is preferably from 0.81 to 0.85
mole, more preferably from G.91 to 0.945 mole, and still more
preferably from 0.21 to 0.94 mole, based on 1 mele of the diamine
residue.

(00261

In addition to the tetracarboxvylic acid residue, a

tricarboxylic acid residue or a dicarboxylic acld residue 1is
contained, th@_totai content of these acid residues is adjusted

within & range from 0.90 to 0.3%5 mole based on 1 mole of the



Next, a method for producing a binder of the present invention will be described. In the case of a
poly(amic acid), it is coMmon to use a method in which d amine is dissolved in a solvent such as
N-methylpyrrolidone (NMP), N,N-dimethylformamide (DME), N,N-dimethylacetamide (DMAC),
y-butyrolactone (GBL), or dimethyl sulfoxide (DMBQ)Band then the obtained solution is reacted by
adding a tetracarboxylic dianhydride. The reaction temperature is commonly from-20C to 100C, and
preferably from OC to 50C. The reaction time is commonly from 1 minute to 100 hours, and preferably
from 2 hours 1324 fours S it 48 Breferred to prevent moisture from entering into a system by allow
nitrogen to flow during the reaction. 16 [0032] In the case of a poly(amic acid) ester,
tetracarbothpaiynhydride is mixed with an alcohol such as ethanol, propanol, or butanois , and a
base catalyst such as pyridine or triethylamine , and then ghte m_,imxtL%r%}is rteagted at room Eemperature
to 100C for about seleraf Minutéd to 10" BUrs 18 obtai & dicarbokxylic adid diestér compoadnd. In this
case, the tetracarboxyl c dianhydride may. be directlymixed with the alcohol, .or the alcohol may be
mixed with ﬁw%?ga%%sgaqgl?@t 'agft(g, 8@%511\1/{%1%@%5 ?e]t%lc%rlbn&\%?c ianhyd r?@eniﬁ%cs%\?eunﬁ %%%rﬁ as NMP,
DMAC, DME, DMSO, or GBL. TTheTobtaim eghdicacrngyalicaagjid dielsﬂtecr i‘gi‘,m eagtregted mh'w‘ chloride
or reacted witty BxatodichTorfde (o bitain a dicarboxylic acid chioride diester: The obtained dicarboxylic
acid chloride diester is collected by a technique such_as distillation, and then.a solution prepared by
dissolving ﬁ&n%]i{hieﬂi% 3%%%5%5 sggﬁ as N %m&faéﬁhipﬁaﬁ% logr%%ir}n%ﬁ'ug %t%gslﬁlc%%of pyridine
or triethylamine. It is ggfeferrfd that the solutjon |s drogwise add % art[1 é%%% (50 §gcwﬁ%errk dtr%%Wise

o

addition, a rRaction is pe‘rforr%e%j At 220¢ 16 50C for 1 Hdurts 106 holirs t6 obtain a poly(amic acid)

ester. Since 2 fvdiqonlonde Is produced As.a pysprodustinben wsing g dicainoxylic acid digploride
diester, the d?car%oxyllc acid diester is preferably reacted with diamine by a condensing reagent of
peptide, such as dicyclohexylcarbodiimide instead. of -(t)gga%i{llg tQStdai‘fﬁg?? lic acid digster in
thionyl chlo%%é% a)o/?%éla?ct%%sv%%%%(a?&ﬁcﬁl%erligg?:IP’[CPS also possible to obtain >gpof/f( gmic acid) ester

. by reacting the %g_gygﬁﬁgsfcg%%gel (.amic acid) yith.an acetal compound such as, ., - 4

¥ . O @
dimethylforr%gr%l a cetal. The esterification rate can be adjusted by the additive amount of the

acetal compound. gggﬁlm ide 'gy%@%g@%%gf 2 polyjseimide, thenolyisgimide can be, optained by

dehydration rmg-cﬁ%g g of a poly(amic acid) using dicyclocarbodiimide, trifluoroacetic anhydride or the

like. [0034] ., I the case of apolyimide, the poiyimide.can, be obtained by,imide gng-closing of a

polyimide precursor selected from the above poly (amic acid) , poly ( amic acid) ester and polyisoimide

through a heay treatment or & ghemica reatment; Examples of therchemical treatmentinelude a

treatment with acetic anhydride and pyridine, a base treatment with triethylamine, dodecylundecene or

the like, and,an acid anhydride freatment with.acetic.anhydridessuccinic anhydrid, ar the;like.

o

the hydrolyzed sample using liguid chromatography, gas
chromatography, NMR, or GC-MS in which mass spectrometry is
combined with gas chromatography.

[0028]

The number average molecular weights of the polyimide and
polyimide precursor can be calculated from the loading amounts
of the tetracarboxylic anhydride and the diamine used for the
production of the polyimide or the polyimide precursor. The
number average polymerization degree is decided by the loading
amount, and the number average melecular weight canbe calculated

by multiplying one unit of the molecular weight. The number



[0035) In the case of a polyamideimide, it s common to use a method in which diamine is
dissolved in a solvent such as NMP, DMF, DMAC, GBL, or DV'S and then the obtained solution is
reacted by adding a tricarboxylic acid. The reaction temperature is commonly from -20C to 100C, and
preferably from OC to 50C. The reaction time is commonly from 1 minute to 100 hours, and preferably
from2 hours to 24 hours. It is preferred to prevent moisture from entering into a system by allowing
nitrogen to flow during the reaction. Common reaction includes a method in which a diamine solution is
reacted with icaroxyiie 'a&ig Ehioride oGk by BhEt fréatmert at 100610 3008 %o 1%hinute to
24 hours to obtain a polyam deimide. In this case, the reaction can bedaccgler.ateq QR/ adding, as a
catalyst for fmida o, &n acid*artydride Subh taéea%%ﬁg%%%&ﬁd&n&ya basé shich ad ftiethylamine,
pyridine or pico-ne in the amount of 0.1 to 10%, by‘weight based onlt ea (ljlnt og; a polymer. Itis also
possible to Bbtaif A& polyaniidéimide by pBlymetizifg & diamine With a triméllitic anRydride eMloride in
the presence of pyridin ,,trieg;}/la,mj e or the like, and then trﬂe yolymer is taken out in the form of a
solid and théhs%lﬁ% ﬁéga%gd“} & temperatirg 6100 67300 for 1 intite @ 24 holrs. it Fsea%)so
possible to gbtain a poiyamideimide by converting an amino group of a diamine compound into an
isocyanate,%&?&@vé‘d%yC?gbr%%%ﬁoen with ticArboRylicadid: gﬁtl%héjﬁ) Finthe ]ﬁ?é)s‘e{ncg% a tin-based
catalyst at a temperature %Nithin apran elfrgm room tempe Eremtgt Ooo(glf r m%utg é% e24 hours.
[0036] TWREn thé Binder ¢ontains two or more E?ﬁds of polyimides or gao?yn\{'n é/precursors, or
further contains a low-temperature decomposable resin, these materials may be mixed by a known
method . Wﬁgﬁ ?ﬁiea B%Sd)er Contairis ggdiﬁ\rlpeses?ﬁl&ﬁngé z;k smur?g%e?%‘??g erO\E;i]%ggé}t@y a JustZr, a. silane
coupling agent, a triazine-based compound, a phenanthroline-bas c}jt compound, and,a triazole-based
compound, tese additives” %rﬁ%if/%éoé&&eda to't eabrfrﬁ%gr,‘ g? %h"érgetég dcljt'lg)illecs?eméyHI b% a%ged to the
below-mentioned binder. solution. [Q037] The binder of the present invention may also be used as
a solution after &%Islgﬁ%%ﬁ%na gg;vgrit% Rerég%(ﬁzgtﬁeg (faen%e£n%6ﬁée§n'tration and that of the viscosity of
the binder S(BBJ(?E)@,E the concentration is preferably within a range from 1 to 50% by weight and the
viscosity is preferably within a range from 1 mPa-second to 1,000 Pa-second, and the concentration is

more preferably withip & fange from o @n%o"{epgsvgﬁigh%9@@&%@0%}&@ mareprefergbly within a

range from 100 mPa - second to 100 Pa second. [0038 Examples of the solvent used in the

binder solutiominclyde NMP, DMAG, DME, BMSQ..GBL, propyleng glycoldimethyl etherethyl lactate,

cyclohexanone, tetrahydrofuran and the like. For the purpose of improving coatability of the binder

solution, the,_binder solution can. also, preferably containsolvents-such,as propyleng glycol monomethyl

ether acetate, various alcohols, methyl ethyl ketone, and methyl isobutyl ketone in the amount of 1 to

30% by we ght in the whole sglvept - In the present inventony; the hinder.alppe sefers to a solid
component excluding a solvent. [0039]

comparatively low temperature, such as SBR, polyethyleneglycol,
and poiypropylene'glycol. In the below-mentioned method for
produciHQEHlelectrode,suchlowétemperaturedecomposableresin
is decomposed by a heat treatment, and thus making it possible
toobtainanelectrode includingpores existing therein. Aratio

the total amount of the polyimide and polyimide precursor

Fh

O
to the low-temperature decomposable resin is preferably within
a range from 100:1 to 50:50 in terms of a welght ratio.
(0030]

The binder of the present invention may further contain

& surfactant, a viscosity adiuster and the like, if necessary.



20 Next, a paste for a lithium ion battery negative electrode of the present invention will be
described. The paste for a lithium ion battery negative electrode (hereinafter maybe referred to as
a paste for a negative electrode ) of the present invention contains a binder of the present invention,
and a lithium ion battery negative electrode active material containing one or more atoms selected
from a silicon atom, a tin atom and a germanium atom. Such negative electrode active material has
large chargi gédischaégiggc% %cit chr:%nit volume and is useful for the enlargemer‘;Etl.Qf Ehe capacity of

mp e 1 1 S1T SO US r 1nclude carh meT.n .
a battery. The pagfe may contain two or moreé Kinds 6f thesé negaﬁve electrodd active materials.

[0040] Examples of the negative electrode active material having a silicon atom include (1) silicon,
(2) an alloy oF iHCGE, ottt o bt Babaabe e, et A gbf anium,
bismuth, an;i@gn?/.%ec.hro%%n})witg E;yigon, (3)1% C():ocr:nclq,loﬁunldnof bor nitrq(gg@n %X%en or carbon with

.- L 1 . H T na ! a 5 alle u =] 1
silicon, and an alloy or compouné?urther cgntalnlng metals exempﬁ ied in (2). Rn ex m&lgro the alloy

e Hhyien B R 28 MR D e e SR N R SRR S5

CusSi, EeSi2, Mn5i2, NbSi2, Ta {:/Slz, Whi2, ZnSi2Z, SiC, Si3N4, Si2 O<v [..[r2) or
LS. 10041), 4.t alom inlute, 1 oy o icpn, pickel copheriap, coball, manganess, zin
ermanium, Dbi (2

indium, silver, titanium, smuth antimony or chromium with tin (2) a compound of oxygen

or carbon with 1in, and anvalloy s compound further containing metals exemplfied in (1). Anexample
of the alloy or compound of tin includes SnOw (0 <w M- 2), SnSiO3, LISnO or Mg2Sn. [0042]

Examples of (he Regative elegitode agtive mateyial having,a germaniym atom. inclyde.an allgy of

siliCon or tin with germanium. [0043] The negative electrode active material is preferably in the

form of particles, and an average particle digmeter thereofis, prefesably,from, 0-. 1i19:20. pm, A

treatment with a Silane coupling agent may be applied to a surface of the negative electrode active

material. [0Q44], ; . ; Mithe.paste for,a negative electrode of the present invention, the,chntent of the

binder is preferably 1 part by weight or more based on 100 parts by weight of the negative electrode

active material,and thys, enahling afutherimpravement in,adhesion - The-cantent of the binder is
more preferably 3 parts by weight or more, and still more preferably 5 parts by weight or more. In order
to lower elegtric resistance and to increase the loading amount of the negative electrode active
material, the content of the binder is preferably 20 parts

[0031]

Next, a method for producing a binder of the present
invention will be described.

In the case of a polylamic acid), it is common to use a
method in which diamine is dissclved in a solvent such asg
N-methylpvrrolidone (NMF), N,N-dimethvlformamide (DMEF),
N,N—dimethylacetaﬁide (DMAC), y-butyrolactone (GBL), or
dimethyl sulfoxide (DMSO) and then the obtained soluticn is
reacted by adding a tetracarboxylic dianhydride. The reaction
temperature 1s commonly from -20°C to 100°C, and preferably from
0°C to 50°C. The reaction time is commonly from 1 minute to 100
hours, and preferably from 2 hours to 24 hours. Tt is preferred
to prevent moisture from entering into a system by allowing

nitrogen to flow during the reaction.



22 by weight or less, and more preferably 15 parts by weight or less. [0045] In order to lower
electric resistance, the paste for a negative electrode of the present invention may contain conductive
particles such as graphite, ketjen black, carbon nano-tube, and acetylene black. The content of these
conductive particles is preferably 0.1 part by weight or more and 20 parts by weight or less based on
100 parts by weight of the negative electrode active material. [0046] The paste for a negative
electrode of the present invention can be obtained by kneading a binder of the present invention, the
above nega{i%? g@ctrode active material and, if necessary, additives such as a surfactant, a solvent,
and a crosslin agent. It is possible tO%JS@ a%angtary mixer, thygg-roll, a b@ll‘ mill, %hompgenizer and
the like for kneading}".rﬁ'\ﬁbl%r?ﬁésr% Kinds of the's arrﬁégncs‘%é‘s b& Uséd'in c%mrb&fr%aati%n(?}f(ymﬂ

Next, the me%ghod for gr,oﬁguc,ing a Iith(lym\,igg battery nega ive e(jlgctﬂrgde,r@aezr%@aﬁeft may re erred to as
a negative it ecj it Be" ergér}fbeed”bly wa‘f}%fd éx%?ﬁp esc A paste for a nega’tiv% electrodd is applied
on a metal foll Ina thickness chj 1 Bo 100 um t? osbt'gaclp a.nnaegativgiglgggodgt@éceoggeﬁ %Iiigecommonly

used as the Thetd foll “A Method' stich as a scréen.” 23 printing, roll Coating oF Slit coating méthod can

beusedforgggh%ﬁggLégg4%Exture is reacted at room temperature to 100°C

for about several minutes to 10 hours to obtain a dicarboxylic
acid diester compound. In this case, the tetracarboxylic
dianhydridemay bedirectlymixedwith the alcohol, or the alcohol
may be mixed with the base catalyst alter dissolving the
tetracarboxylic dianhydride in a sclvent such as NMP, DMAC, DMT,
DMSC, or GBL. The obtained dicarboxylic acid diester 1is
heat-treated in thionyl chloride or reactedwith oxalodichloride
to obtain a dicarboxylic acid chloride diester. The obtained
dicarboxylic acid chloride diester is collected by a technigue
such as distillation, and then a solution prepared by dissolving
diamine in a solvent such as NMP, DMAC, DMF, DMSO, or GBL in
the presence of pyridine or triethylamine. It is preferred that
the solution is drquise added at -20°C to 30°C. After dropwise
addition, a reaction is performed at -20°C to 50°C for 1 hour
to 100 hours to obtain a polv{amic acid) ester. Since a
hydrochloride is produced as a by—produét when using a
dicarboxylic acid dichloride diester, the dicarboxylic acid
diester ispreferably reactedwithdiaminebyacondensing reagent
of peptide, such as dicyclohexylcarbodiimide instead of

heat-treating the dicarboxylic acid diester in thionyl chloride



When a polyimide precursor is used as a binder, a polyimide precursor is converted into a polyimide
by a heat treatment at 100 to 500C for 1 minute to 24 hours after coating, and thus a negative
electrode withreliabi ty can be obtained. The heat treatment is preferably performed at 200 to 450C for
30 minutes to 20 hours. When a polyimide is used as the binder, the solvent is preferably removed by
a heat treatment at 100 to 500C for 1 minute to 24 hours after coating. Since there is no need to
perform imida ion, a heat treatment is mare preferably performed at 120C to 300C for 10 minutes to 24
hours. In arfyf ca88Sit i préterB Pt HeAtifahtindHGas dich €A Hitrdgen gas  orinVacturh so as to
suppress mixing of moisture. [0049] ~When the binder contains a low-temperature decomposable
resin, a neg%ﬁ?%élé%ﬂbﬁ@ﬁﬁ%ﬁ)dﬁ@%&@éz &Xi&ting thereirt G pé 68%%@&85%3@0%68&?916 a
low-temperature decomposable resin through a heat treatment. In this case, it js preferred t?at the
heat treatm@nt &/ pFetérably &t teiperathre WHich § higher thar A deconiostitn temperature of a
low-temperature decomposable resin and is lower thana decomposition t mpelgaturgdof a binder.
specifically hgHeht treatmént is preferably A héat treatihie ?aﬁ%o Slo450¢ fol 30 Hiifltesto 20
hours. 24 100501 Next, a lithium ion battery will be described. The lithium ion battery can be
obtained by ftetBosiAg a-sepatator betwsak alittium ion battery positive electrode (hereinafter may
be referred to §|§ a_positive electrode) and a negative electrode obtained by the present invention, and
injecting a pfoq 8rbanic solvent therebet een. The polar organic solvent fulfils th.e role of a medium
capable of transferrri%g ions involved i1p an elegtrochem'%ca] reaction og fhe bgttgﬂwd Exggr%pl%% of the
polar organic solve nélide Carbonate basd }%ést%%-%éggd, et *éar-lgasé]dL, ‘ketone-base , and
alcohol-base _Lagrotic solvents. Examples of. the carbonate-based sc Ive,rgﬁiln((:sluéggiqi'w%th | carbonate
(DMC) , diefhy‘r cé?b%né%@ ), éip?opyl carBonate (b%%) , methy \p]r‘opyjf carbonate 58) , ethyl
propyl carbonate (EPC) , . methyl ethyl carbonate (NEC), ethyl methy] carbonate (EMC)., ethylene
carbonate (Et(fy,(f()%ﬁ:y gr?eog{é%)%ﬁg%é (g[é)l@ gﬁ%%%%%%%%%a%@%%ﬁ la%% the Iiég.eEcéé}"r]ﬁ%Iés of the
ester-based, nt include methyl acetate, ethyl acetate, n-propyl acetate, methyl propionate, ethyl
propionate, y-butyrolactone, decanolide, valerolactone, nievalonolactone, caprolactone and the like.
Examples of the ether-based solvent.incl c?;:i.i utyl ether, tetraglyme, diglyrne, dir . ane,
2-methyltetrahydrofﬁPa%,%teeatrcf;\%%r((S_)fI[FJrgnga%f tjhpsél%é%f Ii;%gem I@éﬁ]gg g%rﬁﬁ%%s%%%g\%%%nclude

cycloexangne snd he lie, Examples ot healoghalbaged sabyent nclude ety alooholfsgprop!

alcohol 25 and amples of the aprotic solvent include nitriles such as acetonitrile; amides

such as dmgtinligumanide; digkolages sychas 1 Bxdioxolane sullolanes,anaJhe Jike, fwgar more

kinds of these solvents may'be used. When two or more kinds of solvents are mixed, the content ratio

can be appropriately, selected acgording o performances of the objecfive battery. Foriexample, in the

case of the carbonate-based solvent, acyclic carbonate and a chain carbona e are preferably used in

combination in.a volume ratio.f 1c1,£0,1:9,,and, thus enablipganimprovement in performanees of an
electrolytic solution. [Examples] [0051] The present invention will be described in more detail

below by way,of Efme'%el?ytath&g@%%w%@i@@ is not limited e $he following Examples.
Characteristics in the respective Examples were evaluated by the following procedures.
dodecylundecene or the like, and an acid anhydride treatment
with acetic anhydride, succinic anhydride or the like.
00351
In the case of apolyamideimide, 1t is common to use amethod
in which diamine is dissolved in a sclvent such as NMP, DME,
DMAC, GBL, or DMSC and then the obtained sclution is reacted
by adding a tricarboxylic acid. The reaction temperature is
commonly from -20°C to 100°C, and preferably from 0°C to 50°C.

The reaction time is commonly from 1 minute to 100 hours, and



[0052] (1) Evaluation of Charge/Discharge Characteristics of Lithium lon Battery Using an HS cell
(manufactured by Hohsen Corporation), a lithium ion battery was assembled and then
charge/discharge characteristics were evaluated. The lithium ion battery was assembled under a
nitrogen atmosphere. In the cell, a circle having a qigmeter of 16 =punched out froma negative
‘electrode produced in Example, a circle having a diameter of 24 mm, as 26 a separator, obtained by
punching out from a porous film (manufactuied by Hohsen Corporation), and a circle having a diameter
of 16 mm, d&:& positive elEcraus, Whithis Bbtdined By punchingSobit from=&rt AllmmiFdiA 16iF obtained
by firing an active material made of lithium cobaltate (manufactured by Hohsen Corporation) were
sequentially'taict&ié Bp6h dhofigre&aRd ¥ mIPMIRET ST flafifatttred by Mitsui CHemicals, Inc.), as
an electrolytic solution, was injected into the cell, followed by sealing to obtain a lithium ion battery.
[0053]  Fh&tithinmioh bater hts ohtaindd WAS Chargéd ata constatit cirfeRtof 6 A Until a
battery voltage reaches 4.2 V, and then discharged at a constant voltage of 4.2 V. until the discharging
time reache$ ™2 RBurd &hdP 80 Tindesin 1ol frém the Deginring of cRargiHg Rfter paudingfor 30
minutes, char ing/discha%in on the firs,_ cycle was performed by dﬂis{)ch@f[gig at a constant current
of 6 mA untiFAY5Hite vo 8dg9é%?c%e§3?.7 V-%his LhargingidiscRarging on the first Gycle stficiency is
called initial efficiency. The charging/dischar%ing efﬁciency is the value obtaiped by, dividince; the
amount of disEhidtgé by-the’ Amout of charge SThereatter? BRarggldiScharging WapsHarmed 5
cycles in total by repeating chgrginﬁgischar ing four times under similar cOnditJiCorﬁs. This
charging/dischardifig efficiendy on tHe fiftir Gycle 1S Calldd efiCiRhRy aftar 5tycles 270054 (2)
synthesis of Negative Electrode Active. M tg}rial _Sixty grams (60 )FOf 1..natural graphite having a
particle diamiéter of abbut 16 Smj(%éﬁkf,y %ﬁﬁ%?agtﬁ?éldfa Sygaf—cu%%%&%l e %atiﬁcf?ry’/ 859 ,aL%d?)s,eZO gofa
nano silicon powder (manufactured by Aldrich, Inc.) and 10 g.of Patbon black (3050, manufactured by
Mitsubishi th%]‘ﬁ’icﬁl%&ﬁbﬁ‘&%ﬁ/r\l)%){éemix%&w(gﬂ%%p%?s% (o4 BAT milf at OEFI[})Jr?}ufr(?rE 1§aﬁfours and
then vacuury-drieg 2t 30C for 12,094 10.0b1ain 3 SiGbaged neoative elgcioge active matgnal.

alsopossible toobtainapolyanideimidebypolymerizingadiamine

withatrimelliticanhydridechloride inthepresenceofpyridine,

triethylamine or the like, and then the polymer is taken out

in the form of a solid and the sclid is heated at a témperature

of 100 to 300°C for 1 minute to 24 hours. It is also possibile

to obtain a polyamideimide by converting an amino group of a

diamine compound into an isocyanate, followed by a reaction with

tricarboxylic acid, optionally, in the presence of a tin-based

catalyst at a temperature within a range from room temperature

to Z200°C for 1 minute to 24 hours.

decomposable resin, thesematerialsmaybemixedpyaknownmethod.

When the binder contains additives such as a surfactant, a



[0055] Abbreviations of compounds in Examples and Comparative Examples are as follows. NMP:
N-methyl-2-pyrrol done (manufactured by Mitsubishi Chemical Corporation) FDA: p-phenylenediamine
(manufactured by Tokyo Chemical Industry Co., Ltd.) DABA: 4,4'-diaminobenzaide (manufactured by
WAKAYAMA SEIKA KOGYO Co., LTD.) PMDA: pyromellitic anhydride (manufactured by Daicel
Corporation) BTDA: 3,3',4,4'-benzophenonetetraca]rl%oxylic dianhydride (manufactured by Daicel
Corporation) BPDA: 3,3',4,4"-biphenyltetracarboxylic dianhydride (manufactured by Mitsubishi
Chemical CBrgorationy @DAEF@W-%@WW@H@QW&OM%@ B&/WAR%W%%EIKA
KOGYO Co., LTD.) APDS: 1,3-bis(3-Ta inopropyl)tetramethyldisiloxane (manufactured by Dow
ConﬂngTo@@myyugﬁiyﬁmﬁ@ganthroline— ased compound, and a triazole-based

compecund, these additives may be added to the binder, cor these

additives may be added to the below-mentioned binder solution.

[0037]

The binder of the present invention may also be used as

a solution after dissclving in a solvent. Regarding the range

cof.concentration and that of the viscosity of the binder solution,

the concentration is preferably within a range from 1 to 50%

by weight and the viscosity is preferably within a range from

I mPa-second to 1,000 Pa-second, and the concentration is more

preferablywithinairéngefrom5tx>3ﬁ%byweightandtheviscosity

is more preferably within a range from 100 mPa-second to 100

Pa-second.

[0038]

Examples of the sclvent used in the binder solution include

NMF, DMAC, DMF, DMSO, GBL, propylene glycoel dimethyl ether, ethyl

lactate, cyclohexanone, fetranydrofuran and the like. For the

purpose of imprcving cocatability of the binder solution, the

binder sclution can alsc preferably contain solvents such as

propyliene glycol monomethyl ether acetate, various alcohols,

methyl ethyl ketone, and methyl iscobutyl ketone in the amount

oflto30%byweight inthewholesolvent. Inthepresentinvention,

the binder alone refers to a selid component excluding a solvent.

(00391



Example 1 In a well-dried four-necked separable flask, 19.22g (96.0 mmoles) of DAE and 0.99 g
(4.0 mmoles) of APDS were dissolved in 150 g of NMP under a nitrogen atmosphere. To the solution,
10.03 g (46.0 mmoles) of PMDA and 14.82 g (46.0 =les) of BTDA were added together with 30.2 g of
NMP, followed by stirring while cooling so as not tg r('jeach 50C or highet. After stirring at 40C for 4
hours, a poly (amic acid) A solution (having a solid'component concentration of 20% by weight) was
obtained. [0057] The thus obtained negative electrode active material (10.8 g) was mixed with 6 g
of the poly(aMic acidy AtsofutiGiE The fiixture-Was Passsd iibhGh & 8ol thiee™fithes 16 obtain a
paste for a negative electrode. This paste for a negative electrode was applied on an electrolytic
copper foil (HLPB.smanGRetUred By NibpeR Mining &Metas €o-3d;) in a thickness of 25 pm using a
doctor blade . The electrolytic copper foil coated with the paste for a negative electrode was heated in
an inert oven (INH-9,"fhaRafictured by KOYE THERNO g?é*?%ﬂé O ALTBY at S 1ot hour while
allowing nitrogen to flow so as to adjust 29 the concentration of oxygen to 20 ppm or less, followed by
temperature H§& fo-386E 4t B3B8 mirtité and FUrthdr Rexting (firiHg) Sfeéj?d‘é%g '§5Ur't8 Bbtain a
negative electrode. Upon reaching the temperatyre inside the oven of 50C or lower, the negqative
electrode was takeR out 8f the bVen (0058 - 2 ifiat efficienty was fiéaStrddoy the doove’
procedure and found to be 74%. Efficiency after 5 cycles wa 68%.&%2059] Example 2t : Iri a
well-dried faUtthetked 'SepaFabig lasR 119 59g w&%%%%leesi B DAE'&nd 0-99 § (A0 mhnGles) of
APDS were dissolved in 150 g of NMP under a nitrogen atmasphére. To the solution, 10.25 g (47.0
mmoles) of BMDA ‘dnd#5.30 ?ﬁ.?ﬁﬁﬁo%&f%ﬁB?%;eﬁgFe*a déd together with'34.0°§ bf NMP,

followed by stirring while cooling so as not to reach SQCC%r P;ligheg. After iErar/Lr]ngat 40C fgg 4.hours, a

poly(amic acitly Es6Hitioh {havitg- 4 86id Bomponent concehtration of 209 by weight) was cbtained.

[0060] In the same manner as irl}Exam le 1, .a n%gativ,e electrode. was producecd.vl(mtial efficiency

was measured by the above protedira ane fBlRdts Be 730 Efficiency after 5 cycles was 65%.

and is useful for the enlargement of the capacity of a battery.
The pastemay containtwoormore kinds of these negativeelectrode
active‘materials.
[0040]

Examples of the negative electrode active material having
a silicon atom include (1) silicon, (2) an alloy of tin, nickel,
copper, ireon, cobalt, manganese, zinc, indium, silver, titanium,
germanium, bismuth, antimony or chromium with.silicon, {3) a
compound of boron, nitrogen, oxygen or carbon with silicon, and
an alloy or éompound further containing metals exemplified in
(2). An example of the alloy or compound of silicon includes
SiBs, SiBs, MgeSi, Ni,Si, TiSi,, MoSi,, CoSi,, NiSi,, CaSi,, CrSis,
Cus5i, FeSis, MnSi,, NbSi,, TaSi,, VS8i,, WSi:;, Zn3iz, SiC, Si1aNg,
5i,N20, 510, (0 < v £ 2} or Lisi0.
o041}

Examples of the negative electrode active material having



[0061] Example 3 30 Ina well-dried four-necked separable flask, 19.22g (96.0 mmoles) of OAF..
and 0.99 g (4.0 mmoles) of APDS were dissolved in 150 g of NMP under a nitrogen atmosphere. To
the solution, 9.92 g (45.5 =pies) of PMDA and 15.00 g (45.0 mmoles) of BTDA were added together
with 30.5 g of NMP, followed by stirring while cool g so as not to reach 50C or higher. After stri at 40C
for 4 hours, a poly(amic acid) C solution (having a diid component concentration of 20% by weight)
was obtained. [0062] In the same manner as in Example 1, a negative electrode was produced.
Initial efficiehdyiwastrnaasured By the)absve pregediré ahdfound tb e 74% FEffigiency after 5 cycles
was 68%. [0063] Comparative Example 1 In the same manner as in Example 1, except that the
amount of PMbA\as Bhafged from 10703 g26.0ElesF o YG A7 ¢ (480 mithol e “ g -amibunt of
BTDA was changed from 14 . 82 g (46.0 =les) to 15.47 g (4.8.0 mmoles), and the amount of NMP
added aftertheaddiorrof-thedeid compeABrt as changed from 30.29 1346 § aPoly@mic acid) D
solution (having a solid component concentration of 20% by weight) and a negative electrode were
produced. IRitiafetficieRcywasniedsurabpytiedbboVeprocedtarePand founti to e 7298 " Efficiehey after 5

cycles was 62%. [0064] 31 Comparative Example 2
metals exemplified in (1). An example of the alloy or compound

74N

of tin includes Sn0O, (0 < w 2), 8n8i0;, LisSn0 or MgzSn.
(0042]

Examples of the negative electrode active material having
agermaniumatominciudeanalloyofsiliconortinwith germanium.
[0043]

The negative electrode active material is preferably in
the form of particles, and an average particle diameter thereof
ispreferablyfrom0.1lto20um. Atreatmentwithasilanecoupling
agent may be applied toa surface of the negative electrode active
matexial‘

100447

In the paste for a negative electrode of the present
invention, the content of the binder is preferably 1 part by
welght or more based on 100 parts by weight of the negative
electrode active material, and thus enabling a further
improvement 1in adhesion.. The content of the binder 1s more
preferably 3 parts by welght or more, and still more preferably
5 parts by welght or mere. Inorder to lower electric resistance
and to increase the loading amount of the negative electrode

active material, the content of the binder is preferably 20 parts



In the same manher as in Example 1, except that the amount of PMDA was changed from 10.03 g
(46.0 moles) to 9.60 g (44.0 mmoles), the amount of BTDA was changed from 14.82g (46 .0
mmoles ) to 14.18 g (44.0 mmoles), and the amount of NMP added after the addition of the acid
component was changed from 30.2 gto 30.0 g, a chy(amic acid) E solution (having a solid component
concentration of 20% by weight) and a negative electrode were produced. Initial efficiency was
measured by the above procedure and found to be 74%. E{)fli]g/eqc afterTS c;gcles was 2§%.1100651
Example 4 °Y It 89W&lI-dfied four-nécke d'Separabis Hask, .225(@@6 mimolesjof BAE ahd 0.99 g
(4.0 moles)_of APDS were dissolved in 150 g of NMP under a nitrogen atmosphere. To the solution,
10.03 g (45.0' rimoles) of PMDA and 14.82 g (45.0 mmoles) of BTDA were added together with 39.7 g
of NMP, foll %dé y stirring while cool g so as not to reach 50C or higher. After stirring at 40C for 1
hour, 2.37 gﬁé% .0 mmoies) of phthalic anhydride was added, followed by stirring at 40C for 3 hours to
obtaina poly(amic a&i}d) F %olutican ( a\ag% a s%f)lid component g%g%%ntrati&g] of 2695%% byﬁ/veright). [0066]

order T @] clectf1C res] e e
In the same manner as in Xamp?e , a hegative elec rode éf proced’ure and%ounc?to e %.

Efficiency after 5 cycles was 62%. [0067] Example 5 . In a well-dried four-necked separable flask,
65 of oA 350 O ieg t POA

10.01g (50.0Hmoles) o BRd5.4 0. vere dissoived in' 120 g of NMP under a

nitrogen atmosphere. To the solution, 27.65,9 (94.0 mmales) of BPDA wa %i dt rwith 52.2 g
of NMP, foll%?/v%cguﬁf §ﬁ?ﬁn8(—%/v(%lIlec”'c?oeoiinauscg'ﬁat.'g,31 Rotto'T %(::Lr? %Oc%gr iS erg g t%% 'sti(rgr%%gagtnmc for 4

nours, a polylaic,a6id), G sgltan (hAxNg:2: solig coppanely reneentrain.ef 203y elght) was
particles is preferably 0.1 part by weight or more and 20 parts
py welght or less based on 100 parts by weight of the negative
electrode active material.
[GC45]

The paste for a negative electrode of the present invention
can be obtalned by kneading a binder of the present invention,
the above negative electrode active material and, if necessary,
additives such as a surfactant, a solvent, and a crosslinking
agent. It is possible to use a planetary mixer, a three-roil,
a ball mill, a homogenizer and the like for kneading. Two or
more kinds of these means may be used in combination.

(0047}

Next, the method for producing a Iithium ion battery
negative clectrode {(hereinafter may referred Lo as a negative
electrode) will be described by way of examples. A paste fox
a negative electrode is appliled on a metal foil in a thickness
of 1 to 100 um to obtain a negative electrode. A copper foil

is commonly used as the metal foll. A method such as a screen



[0068] in the same manner as in Example 1, a negative electrode was produced. Initial efficiency
was measured by the above procedure and found to be 74%. Efficiency after 5 cycles was 68%.
[0069] Comparative Example 3 In the same manner as in Example 5, except that the amount of
BPDA was changed from 27.65 g (94.0 mmoles) t% §0.01 g (102.0 mmoles), and the amount of NMP
added after the addition of the acid component was changed from 48.6 g to 38.0 g, a poly(amic acid) H
solution (having a solid component concentration of 20% by weighgand a negative electrode were
produced. [RithE ‘shiie 33 rhannerdsiiExariplet He 80aiualicn Was patomied AL & F8sult fnitial
efficiency was 68%. Efficiency after 5 cycles was 40%. [0070] Example 6 Ina well-dried
four-necked8&parable-ftask, 10.01g (50.0 mmoles) of DAE and 11.36 g (50.0 =les) of DABA Were
dissolved in 150 g of NMP under a nitrogen atmosphere. To the solution, 27.65 g (94.0 mmoles) of
BPDA was é@@égiogether with 46.1 g of NMP, followed by stirring while cooling so as not to reach

50C or higher. After stirring at 40C for 4 hours, a poly(amic agid | s%utiocp g:haviré?ﬁ sogg&gmponent
concentration of 209 By weighty WasEbREifed 60711 ° S fif'the Samé'mannér s i Example 1, a

negative electrode was produced. Initial efficiency was measured by the aAb.oyé% ggoc%egg{e aacnd found to

be 74%. EffGERG &fter § Tyclisiias 8794.10672] Compdiative Ekample™

100 to 500°C for 1 minute to 24 hours after coating, and thus
a2 negative electrode with reliability can be obtained. The heat
treatment is preferably performed at 200 to 450°C for 30 minutes
to 20 hours. When a polyimide is used as the binder, the solvent
is preferably removed by a heat treatment at 100 to 500°C for
1 minute Lo 24 hours after coating. Since there is no need to
perfomnimidation,eaheattreatmentjfsmorepreferablyperformed
at 120°C to 300°C for 10 minutes to 24 hours. In any case, 1t
is preferred to heat in an inert gas such as a nitrogen gas,
or in vacuum so as to suppress mixing of moisture.

0049}

When the binder contains a low—t@mperatufe decomposable
resin, a negative electrode including pores existing therein
can be obtained by decomposing a low-temperature decomposable
resin through a heat treatment. In this case, it 1s preferred
tnat the heat treatment is preferably at a temperature which
is higher than a decomposition temperature of a low-temperature
decomposable resin and is lower than a decomposition temperature
of a pinder. Specifically, the heat treatment is preferably a

heat treatment at 300 to 450°C for 30 minutes to 20 hours.



In the same manner as in Example 6, except that the amount of BPDA was changed from 27.65 g
(94.0 mmoles) to 25.01 g (85.0 mmoles), and the amount of NMP added after the addition of the acid
component was changed from 46.1 g to 35.5 g, a poly(amic acid) J solution (having a solid component
concentration of 20% by weight) and a negative elg%trode were produced. In the same 39 manner as
in Example 1, the evaluation was performed. As a fesult, initial efficiency was 74%. iciency after 5
cycles was 20%. [0073] Compositions and evaluation results of Examples 1 to 6 and Comparative
Examples 1[{¢f4 @rfe shown in Table 1. [0074] 35 Initial | Efficiency | | efficiency i after 5 1 (%) dcycles
(/0O) 11174168 1L 199L

Next, a lithiumionbatterywill be described. The lithium
ion battery can be cobtained by interposing a separator between
& lithium ion battery positive electrode (hereinafter may be
referred to as a positive electrode) and a negative electrode
obtained by the present invention, and injecting a polar organic
solvent therebetween. Thepolarorganicsoclvent fulfilstherole
of a medium capable of transferring icns involved in an
electrochemical reaction of the battery. Examples of the polar
organic solvent include carbonate-based, ester-based,
ether~based, ketcone-based, and alcohcl-based aprotic solvents.
Examples of the carbonate-based solvent include dimethyl
carbonate {(DMC), diethyl carbonate (DEC), dipropyl carbonate
(DPC), methyl propyl carbonate (MPC), ethyl propyl carbonate
(EPC),methylethylcarbonate(MEC),ethylmethylcarbonate(EMC),
ethylene carbonate (EC), propylene carbonate (PC}, butylene
carbconate (BC) and the like. Examplescﬂftheester—baéedsolvent
include methyl acetate, ethyl acetate, n-propyl acetate, methyl
propionate, ethyl propionate, y-butyrolactone, decanclide,
valerolactone, mevalonolactone, caprolactone and the like.
Examples of the ether-based solvent include dibutyl ether,
tretraglyme, diglyme, dimethoxyethane, 2-methyltetrahydrofuran,
tetrahydrofuran and the like. Examples of the ketone-based
solvent include cyclohexanone and the like. BExamples of the

alcohol-based solvent include ethyl alcohol, isopropyl alcohol



9917L 39ZL 93172. 39 99ttL 01789 L9172. OZ17L _ Number of moles of acid dianhydride component
based | on 1 mole of diamine component! 0.92 946 0 t6'0

and the like. Examples of the aprotic solvent include nitriles
such as acetonitrile; amides such as dimethyiformamide;
dioxoclanes such as 1, 3-dicxolane; sulfolanes and the like., Twe
or more kinds of these solvents may be used. When fwe or more
kinds of solvents aremixed, the content raticcanbe apprepriately
selected according to performances of the objective battery.
Forexample,jxlthecasecyﬁthecarbonatembasedsolvent,eacyclic
carbonate and achaincarbonatearepreferablyusedincombination
in a volume ratio of 1:1 to 1:%, and thus enabling an improvement
in performances of an electrolytic solution.

[Examples]

[G051]

The present inventionwillbedescribedinmoredetailbelow
by way of Examples, but the present invention is not limited
to the following Examples. Characteristics in the respective
Examples were evaluated by the following procedures.

[0052]
(1) Evaluation of Charge/Discharge Characterist;cs of Lithium
ITon Battery

Using an HS cell jmanufactuzed_by Hohsen Corporation), a
lithium ion battery was assembled and then charge/discharge
characteristics were evaluated. The lithium icon battery was
assembled under a nitrogen atmosphere. In the cell, a clrcle
having a diameter of 16 mm punched cut from a negative electrode

produced in Example, a circle having a diameter of 24 mm, as
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a separator, obtained by punching out from a porous film
(manufactured by Hohsen Corporation), and a circle having a
diameter of 16 mm, as a positive electrode, which is obtalned
by punching out froman aluminum foil obtainedby firinganactive
material made of lithium cobaltate (manufactured by Hohsen
Corporation) were sequentially laid one upon another, and I mL
of MIRET 1 (manufactured by Mitsui Chemicals, Inc.), as an
electrolytic solution, was injected into the cell, followed by
sealing to obtain a lithium ion battery.
[0053]

The lithium ion battery thus obtained was charged at a
constant current of 6 mA until a battery voltage reaches 4.2
Vv, and then discharged at a constant veltage of 4.2 V until the
discharging time reaches 2 hours and 30 minutes in total from
the beginning of charging. After pausing for 30 minutes,
charging/discharging on the first cycle was performed by
discharging at a constant current of 6 mAuntil a battery voltage
reaches 2.7 V. This charging/discharging on the first cycle
efficiency is called initial efficiency. The
cha;ging/dischargingefficiencyisthevalueobtainedbydividing
the amount of discharge by the amount ¢f charge. Thereafter,
charging/dischargingwas performed 5 cycles intotal by repeating
charging/dischargingfourtimesundersimilarconditions. This
charging/discharging efficiency on the fifth cycle is called

efficiency after 5 cycles.
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[0054]
(2} Synthesis of Negative Electrode Active Material

Sixty grams (60 g) of a natural graphite having a particle
diameter of about 10 um (CBF1, manufactured by Fuji Graphite
Tndustry Co., Ltd.), 20 g of a nanc silicon powder (manufactured
by Aldrich, Inc.) and 10 g of carbon black (3050, manufactured
by Mitsubishi Chemical Corporation) were mixed, well dispersed
in a ball mill at 600 rpm for 12 hours and then vacuum-dried
at 80°C for 12 hours to obtaln a Si-C based nagative elecltrode
active material.
[0055]

Abbreviations of cémpounds in Examples and Comparative
Examples are as follows.
NMP: N-methyl-Z2-pyrrolidone (manufactured by Mitsublshi
Chemical Corporation)

PDA: p-phenylenediamine (manufacturedby Tokyo Chemical Industry

DABA: 4,4 ~diaminohenzanilide {(manufactured by WAKAYAMA SEIKA
KOGYO Co., LTD.)

PMDA: pyromellitic anhydride (manufactured by Daicei
Corpeoration)

BTDA: 3,37 ,4,4" -benzophencnetetracarboxylic dianhydride
(manufactured by Daicel Corgoratiocon)

BPDA: 3,37,4,4"-biphenyltetracarboxylic dianhydride

(manufactured by Mitsubishi Chemical Ccrporation)
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DAE: 41,4’ ~diaminodiphenyl ether (manufactured by WARKAYAMA SETKA
KOGYO Co., LTD.)
APDS: 1,3-bis(3-aminopropyl)tetramethyldisiloxane
(manufactured by Dow Corning Toray Co., Ltd.)
[0056]
Example 1

Znaawellwdriedfour—néckedseparableflask,19.22@;(96.0
mmeles) of DAE and 0.99 g (4.0 mmoles) of APDS were disscolved
in 1530 g of NMP under a nitrog@h atmosphere. To the solution,
10.03 g (46.0 mmoles) of PMDA and 14.82 g (46.0 mmoles) of BTDA
were added together with 30.2 g of NMP, followed by stirring
while cooling so as not to reach 50°C or higher. After stirring
at 40°C for 4 hours, a poly{amic acid) A solution (having a solid
component concentration of 20% by weight) was cobtained.
(00571

Thethusobtainednegativeelectrodeactiveﬁaterial{10.8
g) was mixed with 6 g of the poly(lamic acid) A solution. The
mixture was passed through a three-roll three times to obtain
a paste for a negative electrode. This paste for a negative
electrode was applied on an electrolytic copper foil (HLPB,
manufactured by Nippon Mining & Metals Co., Ltd.) in a thickness
of 25 ymusingadoctorblade. Theelectrolyticcopper foil coated
with the paste for a negative electrode was heated in an inert
oven (INH-9, manufactured by KOYC THERMO SYSTEMS CO., LTD.) at

80°C for 1 nour while allowing nitrogen to flow so as to adjust
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the concentration of oxygen to 20 ppm or less, followed by
temperature rise to 350°C at 3.5°C/minute and further ﬁéating
(firing) at 35%0°C for 1 hour to obtain a negative electrode.
Upon reaching the temperature inside the oven of 50°C or lower,
the negative electrocde was taken cut of the oven.
(00581
Initial efficiency was measured by the above procedure and
found to be 74%. Efficiency after 5 cycles was 68%.
[C059]
Example 2
Irxawell—driedfour—neckedseparabieflask,l9.22§;(96.0
mmoles) of DAE and 0.9% g (4.0 mmoles) of APDS were dissclved
in 150 g of NMP under a nitrogen atmosphere. To the solution,
10.25 g (47.0 mmoles) of PMDA and 15.30 g (47.5 mmoles) of BTDA
were added together with 324.0 g of NMP, followed by stirring
while cooling so as not to reach 50°C or higher. After stirring
at 40°C for 4. hours, a poly(amic acid) B solution (having a scolid
component concentration of 20% by welght) was obtained.
[0060]
| In the same manner as in Example 1, a negative electrode

was produced. Initial efficiency was measured by the above

rocedure and found to be 73%. Efficiency affer b cycles was
65%
[Cosl]
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Inawell-dried four-necked separable flask, 19.22 g (96.0
mmoles) of DAE and 0.9% g (4.0 mmcles) of APDS were dissolved
in 150 ¢ of NMP under a nitrogen atmosphere. To the sclution,
$.92 g (45.5 mmoles) of PMDA and 15.00 g (45.0 mmoles) of BTDA
were added together with 30.5 g of NMP, followed by stirring
while cooling so as not to reach 50°C or higher. After stirring
at 40°C for 4 hours, a pely(amic acid) C solution (having a solid

component concentration of 20% by weight) was cbtained.

In the same manner as in Example 1, a negative electrode
was produced. Initial efficiency was measured by the above
procedure and found to be 74%. Efficiency after 5 cycles was
68%.
f0063]

Comparative Example 1

In the same manner as in Example 1, except that the amount
of PMDA was changed from 10.03 g (46.0 mmoles) to 10.47 g (48.0
mmoles), the amount of BTDA was changed from14.82 g {(46.0 mmoles)
to 15.47 g (48.0 mmoles), and the amount of NMP added after the
addition of the acid component was changed from 30.2 g to 34.6
g, & polylamic acid) D soluticon {having a solld component
concentration of 20% by weight) and a negative electrode were
produced. Initialefficiencywasmeasuredby theaboveprocedure
and found to be 72%. Efficiency after b cycles was 62%.

[0C64]
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Comparative bExample 2

Tn the same manner as in Example 1, except that the amount
of PMDA was changed from 10.03 g (46.0 mmoles) te 9.60 g (44.0
mmoles),theameumt<nyTDAwaschangedfrom14.82;;(46.0mmoles)
to 14.18 g (44.0 mmoles), and the amount of NMP added after the
addition of the acid component was changed from 30.2 g to 30.0
g, a polylamic acid) E solutlicn (having a solid ceomponent
concentration of 20% by weight) and a negative electrode were
produced. Initial efficiencywasmeasuredby the above procedure
and found to be 74%. " Efficiency after b cycles was 25%.
[0065]
Fxample 4

In a well-dried four-necked separable flask, 19.22 g (96.0
mmeles) of DAE and 0.99 g (4.0 mmoles) of APDS were dissolved
in 150 ¢ of NMP under a nitrogen atmosphere. To the solution,
10.03 g (45.0 mmolesj of PMDA and 14.82 g (45.0 mmoles) of BTDA
were added together with 39.7 g of NMP, followed by stirring
while cooling so as not to reach 50°C or higher. After stirring
at 40°C for 1 hour, 2.37 g (16.0 mmoles) of phthalic anhydride
was added, followed by stirring at 40°C for 3 hours to obtain
a polylamic acid) ¥ solution (having a solid component

concentration of 20% by welght).

Tn the same manner as in Example 1, a negative electrode

was produced. Initial efficiency was measured by the above
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a)

procedure and found to be 72%. Efficiency after 5 cycles was
62%.

[0067]

Example 5

Inaiwell—dried.four¥necked_separable flask, 10.01 g (50.0
mmoles) of DAE and 5.41 g (50.0 mmoles) of PDA were dissolwved
in 120 g of NMP under a nitrogen atmosphere. To the sclution,
27.65 g (94.0 mmoles) of RBPDA was added together with 52.2 ¢
of NMP, followed by stirring while ccoling so as not to reach
50°C or higher. After stirring at 40°C for 4 hours, a polylamic
acid) G solution (having a solid component concentraticn of 20%
by weight) was obtained.

[00e8]

In the same manner as in Example 1, a negative electrode
was produced. Initial efficiency wés measured by the above
procedure and found to be 74%. Efficiency after 5 cycles was
68%.

[006%]
Comparative Example 3

In the same manner as in kExample 5, excepi That the amcunt
of BPDA was changed from 27.65 g (894.0 mmoeles) to 30.01 g {10Z2.0
_mmoles), and the amount of NMP added after the addition of the
acid component was changed from 48.6 g to 38.0 g, a poly(amic
acid) H selution (having a solid component concentration of 20%

by welght) and a negative electrode were produced. In the same
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manner as in Example 1, theevaluationwas performed. Asaresult,
initial efficiency was 68%. Efficiency after 5 cycles was 40%.
(0070}
Example &
Inawell-dried four-necked separable flask, 10.01 g (50.0
mmoles) of DAE and 11.36 g (50.0 mmoles) of DABA were dissolved
in 150 g of NMP under a nitrogen atmosphere. To the solution,
27.65 g (%4.0 mmoles) of BPDA was added together with 46.1 g
of NMP, followsed by stirring while cooling so as not to reach
50°C or higher. After stirring at 40°C for 4 hours, a poly(amic
acid) I solution (having a solid component concentration of 20%
by weight) was cobtained.
[0071]
In the same manner as in Example 1, 2 negative electrode
was produced. Initial efficiency was measured by the above
procedure and found to be 74%. Efficiency after 5 cycies was

a7
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(00723
Comparative Example 4

In the same manner as in Example 6, except that the amount
of BPDA was changed from 27.65 g (9@.0 mmoles) to 25,01 g (85.0
nmoles), and the amount of NMP added after the additicn of the
aclid component was changed from 46.1 g to 35.5 g, a poly(amic
acid) J solution (having a solid component concentration of 20%

by weight) and a negative electrode ware produced. In the same
y g e A
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manner as inkxamplel, theevaluationwasperformed. Asaresult,
initial efficiency was 74%. Efficiency after 5 cycles was 20%.
[G073]

Compositions and evaluation results of Examples 1 to 6 and
Comparétive Examples 1 to 4 are shown in Table 1.

[0074]



IComparative BPDA !'Example 4 36 [Industrial Applicability] [0075] Use of the binder for a lithium
ion battery electrode of the present invention may enable an improvement in initial 5 efficiency of a
lithium ion battery. Particularly, even in the case of using a negative electrode active material
containing one or more atoms selected from a silicon atom, a tin atom and a germanium atom, high
initial efficiency can-be ebtajned;—37 |[CLA IMSH-Apinder-foratithiamion battery electrode, comprising
a polyimide pre tggrs@@ aving a tetracarboxylic, acid| residue and g diamine residue and/or a polyimide,

the polyimide preguEsar kiaving a résidée ofa tettacatboxilic dianhidride selected from those
represented by Iﬁga?oo)wing general formulas|(1) and (2) as|the tetracarboxylic acid residue, and a
residue of a diaming:setected-fram-thosetepresented-by the-foltawing general formulas (3) and (4) as
) ¥ .
the d!am!ne res!:_iag% the %ontgpt_of:rthe(gc dJesidue Qplngg_romvo 9Q t0 0.95 moles based on 1 mole of
thedmmmeres@%@hémcm Formuta 1J€.Q ™~ |~ | © |~ o~
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36
fIndustrial Applicability]
[0075]
Use of the binder for a iithium ion battery electrode of
the present invention may enable an improvement in initial
5 efficiency of a lithium ion battery. Particularly, even in the
case of using a negative electrode active material containing
one or more atoms selected from a silicon atom, a tin atom and

a germanium atom, high initial efficiency can be obtained.



wherein R1 to R6 in the general formulas (1) to (4) may be respectively the same or different and
represent a group selected from an alkyl group having 1 to 4 carbon atoms, a fluoroalkyl group having
1 to 4 carbon atoms, an alkoxyl group having 1 to 4 carbon atoms, a phenyl group, and a phenyl group
in which at least one of hydrogen atoms is substituted with an alkyl group having 1 to 10 carbon
atoms; Y represents a direct bond, or a group selected from an alkylene group having 1 to 10 carbon
atoms, a flu?&@jgwgﬁe group, a cycloalkylene group having 4 to 10 carbon atoms, a
fluorocycloalkylene group, a carbonyl group, an ester group, an amide group, a sulfide group, an ether

group and & sulfonyl groyp.h is an integer.of from Ohtg, 2 m.and Ql%ef%wﬁvg&nw%e;ﬁng from O
to 3; p, g and r are respectively integers of from O to 4; and s iS an integer of from 1to 4. 2. A binder

for a lithium_ign-hattery elegtrade, .comprsing 4, polyimide precurserhaving ayresidyg of a. - 4
tetracarboxylic dianhydride represented by the following general formula (2) and a. residue of a

diamine selgcted-fram-hose represented:by the fallowing general formulas (3).and-(H and/or a polyim
de, wherein the content of an acid diahhydride component is from 39 0.90 to 0.95 moles based on |
mole of a digmine gampesent; -[Chemical 0 QAFormula R2.{) 2103} ide selected from

those represented by the following general formulas (1) and (2)

as the'tetracarboxylic acld residue, and a residue of a diamine

selected fromthose representedby the followinggeneral formulas

{3) and (4) as the diamine residue, the content of the acid residue

being from $¢.90 to 0.95 moles based on I mole of the diamine

residue:

[Chemical Formula 1]
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wherein R* to R® in the general formulas {1} to (4) may be
respectively the same or different and represent a group selected
from an alkyl group having 1 to 4 carbon atoms, a fluoroalkyl
group having 1 to 4 carbon atoms, an alkoxyl group having 1 te
4 carbon atoms, a phenyl group, and a phenyl group in which at
least one of hydrogen atoms 1s substituted with an alkyl group
having 1 to 10 carbon atoms; Y represents a direct bond, or a
group selected froman alkylene group having 1 to 10 carbon atoms,
a fluorcalkylene group, a cycloalkylene group having 4 to 1d
carbon atoms, a fluorqcycloalkylene group, a carbonyl group,
an ester group, an amide group, a sulfide group, an ether group
and a sulfonyl group; n is an integer of from 0 to Z; m and ©
are respectivelyintegersof fromito3; p, gandrarerespectively
integers of-from 0 to 4; and s is an integer of frem 1 to 4.
2. A binder for a 1lithium icon battery electrode, comprising
a polyimide precursor having a residue of a tetracarboxylic
dianhydride represented by the following general formula (Z2)
and a residue of a diamine selected from those represented by
the following general formulas (3) and (4) and/or a polyimide,

whereln the content of an acid dianhydride component is from



wherein R2 to R6 in the general formulas (2) to (4) may be respectively the same or different and
represent a group selected from an alkyl group having 1 to 4 carbon atoms, a fluoroalfyl group having
1 to 4 carbon atoms, an alkoxyl group having 1 to 4 carbon atoms, a phenyl group, and a phenyl group
in which least one of hydrogen atoms is substitutedzwith an alkyl group having 1 to 10 carbon atoms; Y
represents a direct bond, or a group selected from an alkylene group having 1 to 10 carbon atoms, a
fluoroalkylepe group, acyploglkylene.group haying. 4,49 10,40 carbon.atoms, &.flgracycloalkylene
group, a carbonyl group, an ester group, an amide group, a sulfide group, an ether group and a
sulfonyl groypim.and;e are respectively integers of from 0 to 3; p, g and r are respectively integers of
from O to 4; and s is an integer of from 1 to 4. 3. A paste for a lithium ion battery negative electrode,
comprising the binder for a lithium ion battery electrode according to claim 1 or 2,
andanegativeelectrodeactivematerial containing one or more atoms selected from a silicon atom, a tin
atom and a gegmanium atom. 4. A mgethod for producing a lithium ion battery negative electrode,
which comprises the p ﬁ)( a lithium ion battery negative electrode according to claim 3 on
a metal foil in.a thi knes/ﬂrr@g\/ 00 py@u folloWd by subjecting to a heat treatment at 100 to 500C for
A AN TG

A
\

1 minute to 24
(Rajm {Re)o

(3>

HoN (\ Y'——{ o NHo (4
N UL

(Ra)q (Re¥x

wherein R® to R® in the general formulas (2) to (4) may be

respectively the same or different and represent a group selected
from an alkyl group having 1 to 4 carbon atoms, a fluorocalkyl
group having 1 to 4 carbon atoms, an alkoxyl group having 1 to
4 carbon atoms, & phenyl group, and & phenyl group in which at
least one of hydrogen atoms 1s substituted with an alkyl group
having 1 to 10 carbon atoms; Y represents a direct bond, or a
group selected fromanalkylene group having 1 to 10 carbon atoms,

a flucroalkylene group, a cycloalkylene group having 4 teoe 190



carbon atoms, a fluoroccyclcalkylene group, a carponyl group,
an ester group, an amide greup, a sulfide group, an ether group
and a sulfonyl group; m and o are respectively integers of from
0 to 3; p, g and r are respectively integers of from 0 to 4;
and s is an integer of from 1 to 4.

3. A paste for a lithium ion battery negative electrode;
comprising the binder for a lithium ion battery electrode
accordingtoclaimlor 2, andanegativeelectrodeactivematerial
containing one or more atoms selected from a silicon atom, 2
tin atom and a germanium atom.

4. A method for producing a lithium ion battery negative
electrode, which comprises applying the paste for & lithium ion
battery negative electrode according to claim 3 on a metal foil
in & thickness of 1 to 100 um, followed by subijecting to a heat

treatment at 100 to 500°C for 1 minute to 24 hours.



