1PCT/ JP2011/ 050812 DESCRI PTI ON COPPER FO L FOR NEGATI VE ELECTRCODE CURRENT
COLLECTOR OF SECONDARY BATTERY TECHNI CAL FI ELD [00011The present invention
relates to a copper foil for a negativeilel ectrode current PCOUPEQNQE083D
secondary battery, and in particular provides a copper foil for 10 a
negative el ectrode current collector of a secondary battery in which the
adhesi veness of the secondary bat tlRESCRITNmaterial is superior, and

whi ch can reduce the variation in the area wei ght of the secondary battery
active material. BACKGROUND ART [ 0002] A copper and copper alloy foil

(herei nafter 661HI¥:RiF‘EHL)FOR&NE(BA‘&ME)EHEC&'R@IE@.URRENT‘ CAd EHMPRI but i ng

significantly to the devel op | ectronic-rel ated

i ndustry, and is indi spensabl §€§W%§g?éﬁ%%$t material or a negative
el gctrode current collector of secondary battery. A copper foil is demanded
of high adhesiveness with a resin base material and other matedals. For
exampl e, in the case of a negati VECEINEALJdEL Urrent collector of a Iithium
secondary battery, adhesiveness between the copper foil and the negative

el ectrode active material is demanded. In order to inprove the adhesiveness
bet wedf0Glhe coppefhd présentdnyerdicactelates rat @ doapenfoit fo anetmatiwz e&cm@tdleode

current coll AN | ctl e to f surface tre nt of
formng i rrecg‘&‘tezwI iP Iléecsfb %fs %@%S@p@% ‘?%?C”dsfﬂﬁ’%ﬁé“'?ﬂg}e?d' B OISy '8 Eg?{pl e,
known ar e rrmhm@;atuselcéieemdﬁ asireint eslleetor , ofr al éécrmdaw hhatteey usewlithathe
surface roughen roll rrechaal caL gol i shi ng, gq ‘ft r ol t| c pol| spl| rp]g,
chenical pold H’gne%d’ ftBe RaGPHAa D PR VRgMEHE! ¢ S B%\%re(?”(gnw Ic

el ectropl atiggh yddutet R VaRatRdn # Shé fe#éb Gu@ight omﬁ@esrecehaéﬁynga@é\&/hactwe
(hereinafter referred to as "roughening treatnment”). Anong 't he above,
rougheni ng that@igknt is frequently used. Rougheni ng treatnent using a

sul furic acid copper plating bath ains to i nprove the adhesi veness based on
t he anchor effect by el ectrodepositing copper particles on a copper foil
sursf ace so as to formirregul ar BA@SGR@WIEDARTor i nstance, PCT/J

P2011/ 050812 refer to Patent Docunent 1 and Patent Docunent 2).

[0003) Nevert hel ess, the roughening particles obtained by using a sulfuric

acid qgogper pl atlm@obpéhahamp@eprambya‘m i(Reichvadftel RllpatiVieE k&rarrad GoUsewen
and the roughness d ree is high due to the aggregation of enlar ged

rougheni ng p&PPRPR ef§ | NS otIREHr TN , SigRiEGRNte too uRncdaveleryrert off tthe
rougheni ng Félééth@ﬂe%%tﬂoﬁmhﬂe%edtf‘h%u -Nghd efsf fieffs ﬂ@éﬁl@f ﬁgyabsmass K or

t he copper powder falls from 'ion where the roughening particles
hale aggr egdneigriahesoa onegytlye elegtf@desctarqmomlentqrnoft lsaconsciﬁryul@attmy A

ol | ect or - aRSRERb (S SEmBRRes or o ddkslefe®o ARt f FeSh it ers Al AER:
t he case of ahérii tﬂmtanalsec@ndaeganlqaéxmyheacas@r bba meyetivealeléctrogienenmty

used as the n ctrode a t|ve teri,al. In order to obtain ap.even
 gherchar PIGRET SE ARG SEapatimyLatens SUIPertss fetvee’ tie GopRpt Toi
obt ai ned by #RuUtHeehégEtiVE! ble6RBdOactiRe rhatkAal @ déhahded.hilR 6ﬁdlantd> $mpRIVRY

consi dered. Nevertheless, when silicon or the |ike is used t he negative
el’ctrode adbe @ehpgiveness betweendhe §oap9rr@ﬂ|a@ﬁhthﬁ active maierial ‘ofthe negative
expansi on/ C Gt éHt ctongcﬂﬁp g &?ﬁc&% pRASAKRL/ARE He ?ﬁﬂ@ﬁf?& of
l'ithiumions ur| ng t e char ge/ ar ge 'l I'ncrease and caus

active mat erfolaihlngompa@ellarrblesfarhItheambpdnefddasmr@qe T uvahces Wwot Iexah’em«aby
deteriorate. Thus, inprovin the jyenes t wee e co r as a
col | ector ar#‘&‘°¥‘ﬁ‘ea%?cﬁo%*é°¢ﬁa?8?h gls ﬁ rﬁ?ten\f'éﬂt fﬁléfgc Bﬁetﬁl' pﬁ%gf rtq %€l es
fromfallingou mhg lr@lleafﬁwech@rﬂc@l)pdhbﬁlnggQre@tlatytl@ ofhih lkﬂ’fm‘fnbﬁlgpcm@hhgd es
on t he copper sur f are critjcal issues, [000 5 n addition, the

| eel of th@’}dofg?éfﬁﬁe% Ogé%lﬂ@@nénﬂjpﬁﬂ@%ﬁ%ﬁq %qmtm@tmu@' 3&“%@? ée of
t he roughenign r I p S et 4O

t r eat ment cgﬁgrﬁiréa%le %??éerf:fm?tmgea%ﬁn?{eréﬂ?hgy\gﬁ| ve ﬁt%t gtrsl al(ﬂiéarna i on.

| n addi ti ontregi@enty. egé\nﬁ@gartbanab@?e t Feugheninge treatreentlis f beaearitiyn uaed ects
t he capacit r 7 QLM an
active mat emf\gh%% r@&ﬁﬁgﬁ%érﬁf%e# ;;.é;g%&ds% aeg g‘ﬁ% %grgé%g tgd"% |e
both the frdine adhbsu\messubasmea)mfthe hanatmp peffedt oby eiéd:temddwsn@gsubpmrt to
%ghenl ng 3frtreat ment desi r have tg)e samne Ielve gc fu hness.
[ 56061 MbaniHer IS SR BxarPer e Syacgteiat i o AUEPpHdies hettan BEF srafitec
copper foil or a rolled copper foil depending on the production nethod
thereof. A general electrolytic copper foil has a rough surface side and a
gl ossy surface side as its front and rear surfaces. The rough surface side
has knobby irregularities forned fromthe growmh of columar crystal grains
whi ch are unique to an 3PCMP20111050812 el ectrolytic copper foil, and the



repeating cold rolling and annealing up to a predeterm ned thickness, and
ultimately achieving a thickness of 50 umor less in the final cold rolling
process; generally speaking, the roughness on both surfacesT/af2oat/osdshzed
copper foil is small, and it is easy to reduce the variation in the
roughness between the front and rear surfaces. However, when rougheni ng
treat nent ugefey taPatgrtidaatinentd aupPatenyDachwmgnbalh is performed to a
rolle per foi i t ree

i ncr eggéebgpand theN%VaHhatlelesghﬁl]ér?r rg{tygh%reuys(}% eﬁtgﬁgawggﬁﬁcsar gg@er%daceldt

t he i nfl uenamppér blluirn@gbategbavs)a pnfobtdm irrthatr gmjpann@iseanmgnemrt Bot dbeas
abl e t erfo e,rou i

descri bed above, 008] Thus, ..t i eni ng
t r eat ment tdoaglﬂn%ﬁ? degRshre Jughy q?‘f%%ﬂt {W? é‘ﬁgr QnV\B arﬁﬁ‘#f@r"’aﬂﬂ}'ngn t he
front and repjriges f apeotdr %\/dr@él%eﬁoﬂﬁerroug?ﬂdesbnd@gﬁé@r of Qhé MiLGHENhEE
active material adhesiveness, but there are mts in such fine roughening

treatment, dedticles |is brganthal anshgh@fiest contiatilrepecarses dieak . theheePParhe

current sit I ive
el ectrode curre Oftgt?f% feﬁ or g?'%g}e{%rﬁ%glat%brgpgﬁerﬁﬂgg)%gteql%gh ke agg g; i0009]
[ Pat ent Docuhmotdingly,) dperretsea Rablem No. thavmtfmtersch?tﬁsemne%dtﬂMﬁen 2he
Japanese Lai d- Pat ent Publ.i cat,i 2002- . :
NN o EeRPen b B B ciAeRtuE e AR cufPRn polkRercat I AV pidied
baltot ery in viingbt beebaih&si veness of the secondary battery active nateri al
is superior, and which can reduce variatio the area we ht OL t he
second@idf] batter )Mﬁ’@oivﬁé indheFasg O ?%&'Wl%ﬁ?oﬂ apypieEna F%@H]"‘Irﬂ@eﬂﬁ Sent

i nvention proy ﬁ/ usek) @tﬁé’ﬂeﬁém}‘é’éléct‘r&ﬂe AchRIAdteal el RCOIIRA% GBI Rh
col | ector of secondary a tery, wherein: roughening treatnent is performed

to both froreveandighesr changing/dischdrging slapedity ofyseruser of opeaCtiEl syatedall : an

f f
Phoeer orn e RRaTR SR he ol i S5t s ehageheiarer o
t hisee- di nenshleveathetaysf mmlwompotherbl&sw used tabethemﬁggjaemecelmjrdd@cwlvm th a
measuri ng. ¢ HESEHREaNE Sing: BBISELRY Heb HF cxrresBycorliail of ol el ue
of (A)/(B) 'c%u%é@rtﬁﬁﬁt%dabslbrrﬁt@n/d@&%r‘gﬁﬁﬂ mmummsdjmgah@rwargemtsanarg@r ea
upon neasuring the surfaces of a non-roughened rolled co%ﬁer or c

al Loy foil Wiyele willl iaseashi adbeifethesaqtinp, matariah I PAeIRS aﬁnat%
proj ected ar&teggrm@e vﬂﬁfﬂ%’ré% 91) é’r@ %:t‘éf e%ﬁb”ﬁﬁﬁbglﬂglth?%%B@gﬁeﬁé%béﬁvéeﬁ)

and a cal cul'a val ue IS expresse he ratio of
swof ace ar edhé aapper ifsil \astarcollactoaraml tfe active<matpriglCand <preventing poppey

foil f t
Sobatt ety adiis HHHEeY St RiferEl A e By AR <8aid) SERARERRIhG ng
]Partl cles ?fpetrl‘dle$ @blgheﬁeﬂpértfbﬂaoﬁac?%rt@ ctrtlt:?t i€suespm . 3) The copper fo:jl
or a negative el ect rren e or O a, secon ordain
Lo 15 B povdn G eV IR oHanaRES Glethss Gua theotealil, iy Bep 5"
pmor |ess. dadhddes apB érofftl% rng‘h'enﬂtg'}S’é}ﬁ&Ibg%ﬂ@tﬁfétécgﬁférwrwgélhuﬁj@btt%c'f or

of a secondary batteré according to any one of bove, wherein the
r oligheni ng pabghenieg e@tnreﬂtmsaﬁerabtyhatfeetntheaﬁmqu@érofshher actiee natgriab) | ed

copper or C%@ﬁé il | 9y dQdid |Pyth8| {‘éﬁn%a{%@ﬂ%feﬂhg@afve%ﬂgla@% tion

cobalt and ni , or by a dy plati or nore elenents selected
t heref rom ﬁt’e)cﬁtthemamaertarﬂm of therbaterregaﬂtacmedleglgpmmder toumifenmlycfothext or

of a secondary. batter any, one of 1) t above r SI ng a

r ust - pr oof e@‘?{'a?épa@”ga éﬁﬂq t@%.fgct“érﬁ”)ér rg@é§uggpéapgatt CORPS fcoélbgnﬁl kel

al l oy pl at edrdraygid raarzlsuﬁaaeszkﬁlthal tsppep! fall esftdraysing agubjectclor estjhenirayer

and/ or a silane coupl mqﬂ ayer on both the front and rear surfaces, which
9

weile subj ectiraamestigasirdiy heve fiesame loyel ohsurace EVOEHEPRr or copper al | oy
foil. roaRET P20 hedniifie éégfg&rcrgm%ro%e g‘clééﬁﬂ@d AS9AldI¥Ar trtﬁpéd foil _

curre ector of a sécon attery dccord to any one of
above, wher eirma goledecoppsir doil deaemchngmm ihﬁ% WOduptm meghed Wededf. dify @%ﬁ!@r@h of

the roiled c [ ter t

sur faces verdeay B eSRRATEL BreR BBl Y ehy L igpe BurAEs bty

I NVENTI ON [ Ofdri] A reaemfacesveﬂhieomqghelsda‘aee sigerhas kedbleg tirredulbsiiesy
able to prov degfco p foil eatlve@ﬁlectrod urrent . coIIector of
a ®econdary '8 Y gr%ﬁhcﬁ tcf;?eJ eSFEN HEINGE W ?é%dmﬁ‘ﬁﬁ/ Bt ery
active rnaterial is superior, and which can reduce the variation in the
area wei ght of the secondary battery active material,



BRI EF DESCRI PTI ON OF | NVENTI ON [0013] [Fig. 1] This is an SEM phot ograph of
t he rougheni ng particles of the copper foil for a negative el ectrode
current collector of a secondary battery of Exanple 1. [Fpgrido1Tbsssips a
cross section FIB-SIM photograph of the roughening particles of the copper
foil for a negative electrode current collector of a secondary 2C battery
of Exanpl e klegtrilglic ppehifal, ianddhe SimMsyisotfage sple lods alsbapedeyivat figm the

particl es of I v e d r of
B econdar y B Beksiirke of P EiRbccfy. *HIR heldibadh SR,
Cross S]?C-t : aopbeBfEl Masp_kiﬁte@ml tephfaeke sr’f@elsomghem:o:ng apdﬁéla?b&ﬁa@fanﬁﬂhe
copper foi QOr a negativ ectro ent collector of a secondary
battery of ahati Ve of %ES%RP[T@"@\I reg ﬁbﬁ%?ﬁ/EﬁT@rSB[ Ogﬁfﬁ'}aﬁhe
copper foil @ﬁ@ﬁehlﬁ%t ﬁ@atpﬁéf'ﬁe&t de’ﬂféﬁﬂbdofb ithe afrb@t |0 fORPRUMEOEd & af
copper all oy f roil oil and a copper alloy foil are
superior i n elestraytisr cRpRgr fﬁé'cﬁ ﬁltmve@t FasignRsared theegoRRss| f@:lawéaqeﬁ is
conparison t I C I t rode
curront ool I'S185e8 8 bRdes fierdRBRinck it rouditiest ¥ e ianE SR e ftdtely 010
a battery vmtohnbnegherar&b'cﬂaaqna/arlahmen ttl;aeaaughm@ﬁst Hegeeptieindreade, tdmd kniess to
be thinner, jput th en CT/j P20 11/050812 et er ate en the
copper 1oi i theonaEE W raites ! uritoam Mt it sttty Pl S edt B ure.
Thus, it is glegidrrbagtiveanatetiabdésdribed apepper foil and a copper alloy foil
whi ch have higher strength than an el ectrol ){tl c copper foil 00151There IS

no par®9%LI ar "1 i MleaRybire. sirg airaled rerrs el &t prasiuced Qyolb?ie"P “F‘Slqn K9t
copper allo I be
ised my beShree $oRE ARG A PRAIAS U (0o PREIGBIARE tiriges, ahe
characteri stuIWBateIRoaclmwnplaethlqknea@Iof B0 pm polelf»sgrrnirmuﬁmalwoabr\;ﬂmg process,

oxygen-fre er C
,(A\Q-Zgnt ai ni %%%g%&??é%op%er gﬁﬁ%@ s%‘cﬁ(S gu&?%% @néarg J]d%(?@g%pf&”allsl oy
%Irqpeg Wi trd1 Nrr]nallﬁ!al?alridist dasyl ikeeduae thi-varialfonb s theb mupaesabemeeimlmdfrmtt h

, Zn and the like e s also articpylar .
i Cat on EBELE RYTENESt HGRRLR woen bOReR iRl CeBEl A sht b ager
alloy foil, cpdef betuheIb%hﬂ%%&erf@bhé@etosauduealcbppei ﬁﬂtﬁ\@r@i‘e@?%m@mﬁﬁtlﬁé}e
usage or demanded characteristics, Cenerally speakin hi ckness of the
copper foi | thpreughnessciagred inceasas ad die wriatiea Imﬂﬂwmm@@ém@sfqﬁ BgOt ery

t I

negati ve 1 SRLEALE IS d MOk PRk BRNGN RRUADSNARCH FRLRBRg
capper al | oyariidles as deachibed atnpvet he aver age surface roughness Ra of both

masul@hEht 15 o Gus ol & Bashat> BRNBTP Ut o HRF e REh 1 RS e
rolled foil rbaghmesr@ﬂﬁirmutycamdwrrebawelghouﬂmsm@/ mmtr@rrpaf hadmedos@faces
el ectrolytic co reason he lower |imt of the

oi | wh
aver age sur fcé@epoﬁ Gdgﬂ%@?é faain; %rd%fo {BPEeVe4np r%ci%e imAtsraleadhes esess f Pie
particles anfefd @req}‘r‘ﬂtst|H%u%ﬁ*ﬂ%'rﬁﬁgﬁéﬁngftretahﬁeﬁteﬁﬁawlwbéléﬁé&i bbu@ﬁbh?ﬁ@
material. It is thereby possible t as nuch active nmaterial as
pdSsi bl e, anwkatmpnbiseregniedapabis, aﬂ?@eCLtEfertt Isudtian & that teedarelopmenhef Beason
why the upp e e at.i on
in the ar eaecr\/\@klaﬂ]tf&e#&t ﬁe't‘%i B’%délrggﬁga%t ejrr@ngc%ﬁ\é/%tbﬁaf %&%ﬁdé{}eb}éﬁé hfgr eby
possi bl e t o beiny demantded.char ge/ di scharge properties of the secondary
battery. 30[0017;In addition, with the copper foil for a negative el ectrode
current collector of secondary battery of the present invention; the ratio

of surfpger Fraent BetGhent(1d) /JéﬁénedeSPéﬂethG yaange of 1 0 < (C)/ (G < 1.1,
when a three-di nensional surface area upon neasuring the roughened surfaces

with a | asedPateet Bsewpenid Japanese hiiddinasrsatentd ukliFatorao2BIop B408d ar ea
upon neasuring the three-di nensional surface area is (B), and a cal cul ated
value of (A)/(B) is expressed in PCTIJP2011/050812 (C), and when a

t hr ee- di nensi onal surface afdSGLSBUREQINNVENTHON ur f aces of a
non-roughened rol |l ed copper or copper alloy foil with a |laser m croscope is
(A), a two-dinmensional area as a projected area upon neasuring the

t hr ee- di rrens{TelriftilcaﬂlH’rrétaem]ar ea is (13), and a calcul ated value of (A )/(3")
i's expressed in (C") n o:T&Hr to inmprove the dheswenez \(IgVIth t he

ne§at iQQOk| ect r odd é’@d%eﬁ SINENQE Relq PEVIgeNH SPRPEROIL (3t AcPeSFE wi t h
t he negative el ectrode active material to increase the capacitance of the
battery, it is insufficient to nerely cause the average surface roughness
Ra to be 0.04 to 0.20 pm [0018]What is inportant in the present invention
i s the managenent of the three-dinmensional surface areas (A) and (A), and

t he two-di nensional areas (B) and (a) as the projected areas upon neasuring



uniformty in the area weight of the active material. [0019)Wth respect to
the variation in the thickness of the secondary battery active material,
for instance, if the thickness of a copper foil, which hascaytdoh¢ksness of
18 pm differs by 0.5 pm a variation of 2.78%w || arise relative to 25
the copper foil thickness. Wien an active material having a thickness of 40
pmis appli edectwdehtgrerdmodectboiof a2 sdventhiychattesy ivavhict trenadihedivermssespond

to 0.86%in r h ot al .thickness .of the co r fqgil and the active
rmter ol Vb vaepBtaly Bat@y arten BEUSH R adbbiob PR b caRoeeL i B8 pm
i s 0.5% and varniatich immerméanri@ghthﬁ\th@ge@oﬁdarf&aﬂérfy Ativdngatials simlarly
applied thergoEl. the thickness variation will correspond to 0.155%in terns
of the tot allSPhiieR ieEsoRem he copper foil and the active material. It can
be sundggsgf 0od t hathd hasbRriraehih palklkaess variation of the copper foil
considerably affects the variation in the area weight of the secondary
battery actiNe ndt é@icpaer fpibdanjavpegainv eladtiodet peredppelfectai bf fsecomdary

mvent ] on, Ry WAREEouERenE; HeafedRTERAR dBobEY rl rif REF

particl es ofsutfaces ofighetied copperoesoppedeakoy il ynCaveErage Budaps moughiness
rougheni ng rtjcl ar.e desi,rabl ine particles, and the fine particles
e desi ranip BLBeRhE A ShH sBe triAceRLaRert Reet Eagerns odst eI HHkse
are al so pr e oro4ed MMROesn f &d WABH QVihAge-Hitge RIbRS isvFraes aréd upbe naddushy
active material 5and inproving the capacitance of the battery by applying
as nuch act ith@ rerghanes) suytacesfhpdaser microsqopetin dApra duerdimansipnalaieat he
aver age di angt.er n i X ; t n the
ndox of 0 2 gPRigeEl e dURer g s BR] S fhot Ao BN A fieke e se ten

10[ 0021] Mor evden, calculatachaabeppér(A)MB) i$ orxpaessegatir (€),ebadt whee & uhresat

col |l ector of,; dar attery of the presept inyventi t he maxi nu

nei gnt of ¢ AUReBTGRAN S arSF e, MEasRyRG T5e el 8la AGTOTERRT,
prief erred nodéed aoppedusi ogppdre alidy dsinesih varliagdri aficekcope isoyueaetvd-ayer,
i nproving the adhesiveness of the battery active materjal, and, i n;ﬁ)r_ovi ng
the capaci t STRENYPN2hE 5aP% & PW?Ct&apﬁﬁan@p% MRANYIREL theethies-Simansienal

possible.  syrface lafed hse(ﬂpg,wh dally( Rt Ablud Bfe(A'mszkrseé@refssédﬁﬁm [(©YaReni ng
particle |ayer can be controlled based on the index of 0.2 pmor |ess, and

t he foregoi figfiq aliefaceramea faetar swsithin poepge W 1D £ KE)/(@ppet.1foil for a
negative elegtro C IC{?%P I : y sent
i nvention, %ﬁati ﬁg’e\/ﬁ oﬁ%ﬂ:greﬁhgé%@bﬁgcggg%&g?ﬁeﬁgEQHC?%%%P%istgggq@érgr
alzboy pl ati hgtteit accowding torot)eakdearewhereire | st bedragee defmeter radyronghening
per f or med. r.nml | t he rougheni articles are formed by the all oy
plating of %%QW%%fethglrgﬂ%%rgedg u ey b'ﬂ%@ﬁt“r%nd ni ckel . In addition,
with the copgper flviel cdgperdoinegad negatleelccatee BufreBhtolsdtbiest 8secdddff a
secondary b tteé)/ of the present invention, preferred node is to forma
e

] a .
r ust - pr oof e@H@NeACERTHNG Rt 19 eQ st aAPOYey ¥heseinetiee dMaXiBHN keiBhl tafnAckel
all oy pl at efoldheited 1dydi 89 .

vl )
and/or a silane coupling layer on both the front and rear surfaces, which
wébe subject”)to rbegtappendoit faraa megativeotlectrede culredt colfsntor aff & spcobnddryi n

order to i I resist ther resista COrr 0sion
Fesi st ance) Srepe o a3 A e R B S LR i bR ESa
negati ve el acd fardedeon betht fromt dret teair suffaae§ef‘,amdlwoycm:tdrezrr)c,opFEEaW)eMnt

i nvention cgn pf@use the area wegght vari ati Onbiﬂﬁ a co,gp r foil w d} h
direction oPYHRENGVIIRENESITEENLAMANIrGRPEr.RObGH N Mekel. Phiy AllenpPlating rear
surf aces wepgthswel stGhotelelEicRiResd18steltRaisit, to be 350.5% or less, and it
is thereby possible to provide a superior copper foil for a 9PCT/JP2011

/ 660812 negal i ve T8EeRanPSAdoit farranegeiivg electpdecuresteolirfieryobatsespydary
0024] T i i i : fail f

& negat | ve. Braed, actRridio T he LM 50 oBBLE Xty o fusFaRaTed idler "

present i nvensaileathgsistkit fayer gepented fioal B-adbaktaliclad! latlpy plated nayersaamc-

exanpl e, the. enin eatnment i,s perforned sg as to forma ternar

S oy & ayer NyBLRRLGRlkd (RL AR ofi e PR canPnES sidor S5 kil FEEP
copper is 1botrothéGirdry/ahilreap saifatds, AR vepd sggléa{toio%_gﬂa@ﬂin@Otr@él%anjfder,
and plating armomnt of nickel is 100 to 500 pg/drn2. This ternary all oy

| ayer al so HESrlrdcrRPer @sterpei@loy f@b25] The general bath and pl ating
conditions for formng the foregoing ternary

K&l Iegél oy plated layer and a chromate | ayer,



copper-cobal t-nickel alloy plating are as follows. (Copper-cobalt-nickel
alloy plating) Cu: 10 to 20 giliter Co: 1 to 10 g/liter Ni; 1 to 10 g/liter

[ 5pH 1 to 4 Tenperature: 30 to 50C Cugsrent Density DK: ROritmo39odysds?
Time: | to 5 seconds [0026] The present invention can form a cobalt-nickel

alloy plated | ayer on the 20 roughened surface after being subject to
rougheni ng t@)eat Mgt copertfoll fivrsa celgatite rleckete alureyt pbidctor by eslecondery
pl ati ng anoynt, of cob

|t is 200 to %qogp /[dn2, arid the cobalt r.attio is 60
Lo 70 masso60Ats LA RaRIdaRY one osNip SiERaKe. WasTelba Aeaf Y VaHdia Be of
rust proof trieatdByper fOiPRRZIh Hiectobat theniohkelcopbéoyr Bbgidriog Isidatéomshar e
as follows. (Cobalt-nickel alloy platin to Zoagéllt,er Ni: Ito 20

ng) Co: 1 t
g/liter pH: thefopband earsysiacas wease sgbjepz)tog@eghﬁmmeﬁ&e BBt i) PRI le8so to
20:0 Aldn2 Tine: 0.5 to 4 seconds i0028] The present invention can
additionally forma zinc-nickel alloy plated | ayer on the
cobal t-nickel alloy plating. E¢BEGIQUORHIDIENTEINt he zi nc-ni ckel all oy
plated | ayer is 150 to 500 pg/dn2, and the nickel ratio is 16 to 40 nmass%
This 35l ayer has the function as a heat proof and rustproof |ayer 10PCT/J
P20111050B12 [ 00ZHeTpeesehhinventitelyickdd aysuplesibi effectoofdibéingzble o providd hows.

i nc-nick [ 1 ti ; 30 gilit Ni : to 25 gil|t H 3
ggl ZCTglrrge?é:to%pg? ¥Q¢81lo?d:; gg)@ag’\pe ePec&r%de cu }enlt c%[lect:)r of a soecondglry l)agerrypln
10 which the adhesiveness of the secondary battery active material is superior, and
which can reduce the variation in the area weight of the secondary battery active
material.

BRIEF DESCRIPTION OF INVENTION
15
[0013] [Fig. 1] This is an SEM photograph of the roughening particles of the copper foil
for a negative electrode current collector of a secondary battery of Example 1.
[Fig. 2] This is a cross section FIB-SIM photograph of the roughening particles
of the copper foil for a negative electrode current collector of a secondary
20 battery of Example 1.
[Fig. 3] This is an SEM photograph of the roughening particles of the copper foil
for a negative electrode current collector of a secondary battery of Comparative
Example 1.
[Fig. 4] This is a cross section FIB-SIM photograph of the roughening particles
25 of the copper foil for a negative electrode current collector of a secondary
battery of Comparative Example 1.

DESCRIPTION OF EMBODIMENTS

30 [0014] The copper foil used in the present invention is a rolled copper foil or a
copper alloy foil. A rolled copper foil and a copper alloy foil are superior in
terms of high mechanical strength and flex resistance in comparison to an
electrolytic copper foil. For use as a negative electrode current collector of a
lithium secondary battery, it is possible to obtain a battery with higher

35 capacitance by causing the copper foil thickness to be thinner, but the strength



Current Density Dk: 0.5 to 5 Ndn2 Tinme: 1 to 3 seconds [0030] Thereafter, as
needed, subsequent rustproof treatnment nay al so be perforned. Preferable
rustproof treatnent is independent coatgng treatnent of cpcoopiom/O0xisde, or
m xture coating treatnment of chrom um oxide and zinc/zinc oxide. The
foregoing m xture coating treatnent of chrom um oxide and zinc/zinc oxide
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the present invention covers all other nodes or mopdifications included, in

this set to 0.04 uym is in order to form fine particles and improve the adhesiveness of
the secondary battery active material. It is thereby possible to apply as much
25 active material as possible, and improve the capacitance of the battery.

Meanwhile, the reason why the upper limit is set to 0.20 pm is in order to reduce
the variation in the area weight of the secondary battery active material. It is
thereby possible to improve the charge/discharge properties of the secondary
battery.

30 [0017] In addition, with the copper foil for a negative electrode current collector
of secondary battery of the present invention; the ratio of surface area factor
“(C)(C’)” is within a range of 1.0 < (C)/(C’) < 1.1, when a three-dimensional
surface area upon measuring the roughened surfaces with a laser microscope is
(A), a two-dimensional area as a projected area upon measuring the three-

35 dimensional surface area is (B), and a calculated value of (A)/(B) is expressed in



3Pi nvention. [0036] By perform ng roughening treatnment to a rolled copper
alloy foil based on copper-cobalt-nickel alloy plating wwthin the terns of
the follow ng conditions, copper of 17 #rigicin2, cobalt pdT/20001/pgsin?,
and ni ckel of 500 pg/drn2 were plated. The roughened copper foil was
thereafter water washed, and a cobalt-nickel alloy plated | ayer was forned
t hereon. Herdk): amﬁ’eWB%althreﬁ @lﬁne@lmgnﬁamgr@@%m@a@onm@tmmfacaa@ft he
ni ckel plati g a
zi nc-ni ckel al oy g‘ apggsrijlg&g?éﬁpe@&?Icgﬁégﬁ%{?ﬁ%%tgaég% }mé é/cipe '5%2
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expressed in en a nsj onal surface area upon 2.
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foil with a lasemn fﬁe%r@%@ﬁpﬁwbﬁtl&rﬁ)reﬂﬁ‘eﬁwé’ﬁt f'dE%§§|'n ge%?r? ?Sto‘%hé"fr%hte(:t ed

area upon nmeasur i ng t he t hree-di nensi onal rface
c4 cul at ed 924 deanpurfacey pBa)ralled @Q@p@sé@lutq aclievy ; a UOfornC rpugterEess. D0H.

00401 The ' SEgaY 940 Erx300APYr i dchgeTuafieni no particles in the 30

foregoi ng case Is”shown own rn Fig. 1, fine and uniform
partiPE8 were fWIMfEtESpRBbt m)\tlaae vahbtaorawelﬂaagehldkmnst ef tiaf stbendoydhetehng

A Ay 5 R S N A
phot ogr aph thicknbes odugheni agfepabliceh @inh Y QBriaors BEMY SR Wil Gris@ relAvesSpwn in
FﬁSQ 2, hethgac)gpglép}on t'h?ckneOf tVQ/%en1anP§c§:v22rgaLt%a%lgl5r?avmg a thickness of 40 um
is applied to this copper foil, the thickness variation will correspond to 0.86% in
terms of the total thickness of the copper foil and the active material.
Meanwhile, if the thickness variation of a copper foil of 18 pym is 0.5% and an
active material having a thickness of 40 um is similarly applied thereon, the
30 thickness variation will correspond to 0.155% in terms of the total thickness of
the copper foil and the active material. It can be understood that the foregoing
thickness variation of the copper foil considerably affects the variation in the
area weight of the secondary battery active material.
[0020] Moreover, with the copper foil for a negative electrode current collector of

35 a secondary battery of the present invention, the average diameter of the



roughened layer was 0.2 pm and was within the preferred range of 0.2 urn
or less. [0041] Moreover, this copper foil for a negative el ectrode current
col l ector of secondary battery was usedgto exam ne the adpesivenessosdd the
active material. Forenost, 11 wt % of pol yvinyiklene fluoride and 97 w % of
N net hyi -2- pyrrolidone were respectively added as a thickening agent to

artificial gopaghénisgpartides okipeat loughehat surtatesads tdegabiwtCet t@D. 4t jompr dpare a

slurry. The foregoing sl.urry was, applied on the roughened.surface of the
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to achieve aiesnbb?rae LRiferiinas poskibld) AN With tiss Yoragoagdnpaes she®d diengisbhe
foregoing copper foil, the copper foil was cut into a size of .1 cmw.de x 8
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peel i ng t he radiesial aeposgielei n a 90-degree direction. Wth 7. 5respect to the
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(powder fall f the roughening particles. The powder fail was eval uated by
affixing a @O%aaaﬁ\ée‘%o t he roughened surface of the copper foil for a
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I f the Scotch tape had discol or a result of subsequentl é affixing the
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14PCT/ JPZOlla%%Se%ﬁ/%%ess of the battery active material, and improving the capacitance of

15 the battery by applying as much active material as possible.

In the present invention, the thickness of the roughening particle layer
can be controlled based on the index of 0.2 um or less, and the foregoing index
can be achieved.

[0022] With the copper foil for a negative electrode current collector of a

20 secondary battery of the present invention, plating with one element among
copper, cobalt and nickel, or alloy plating with two or more elements selected
therefrom may be performed. Normally, the roughening particles are formed by
the alloy plating of the three elements of copper, cobalt and nickel.

In addition, with the copper foil for a negative electrode current collector

25 of a secondary battery of the present invention, a preferred mode is to form a
rust-proofed layer or a heat-resistant layer selected from a cobalt-nickel alloy
plated layer, a zinc-nickel alloy plated layer and a chromate layer, and/or a
silane coupling layer on both the front and rear surfaces, which were subject to
roughening treatment, of the rolled copper alloy foil in order to improve thermal

30 resistance and weather resistance (corrosion resistance) properties.

[0023] Accordingly, with the copper foil for a negative electrode current collector
of a secondary battery, the present invention can cause the area weight
variation in a copper foil width direction of the rolled copper alloy foil, of which
both the front and rear surfaces were subject to roughening treatment, to be

35 0.5% or less, and it is thereby possible to provide a superior copper foil for a
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negative electrode current collector of a secondary battery.

To explain the roughening treatment performed on the copper foil for a
negative electrode current collector of a secondary battery of the present
invention by taking copper-cobalt-nickel alloy plating as an example, the
roughening treatment is performed so as to form a ternary alloy layer, via
electrolytic plating, in which the plating amount of copper is 15 to 40 mg/dm?,
plating amount of cobalt is 100 to 3000 pg/dm?, and plating amount of nickel is
100 to 500 pg/dm?. This ternary alloy layer also has thermal resistance.

The general bath and plating conditions for forming the foregoing ternary
copper-cobalt-nickel alloy plating are as follows.

(Copper-cobalt-nickel alloy plating)

Cu: 10 to 20 g/liter

Co: 1 to 10 glliter

Ni: 1 to 10 g/liter

pH: 1to 4

Temperature: 30 to 50°C

Current Density Dy; 20 to 50 A/dm?

Time: 1 to 5 seconds

The present invention can form a cobalt-nickel alloy plated layer on the
roughened surface after being subject to roughening treatment. With this
cobalt-nickel alloy plated layer, the plating amount of cobalt is 200 to 3000
ug/dm?, and the cobalt ratio is 60 to 70 mass%. In a broad sense, this
treatment can be viewed as one type of rustproof treatment.

The cobalt-nickel alloy plating conditions are as follows.

(Cobalt-nickel alloy plating)

Co: 1 to 20 glliter

Ni: 1 to 20 g/liter

pH: 1.5t0 3.5

Temperature: 30 to 80°C

Current Density D: 1.0 to 20.0 A/dm?

Time: 0.5 to 4 seconds

The present invention can additionally form a zinc-nickel alloy plated
layer on the cobalt-nickel alloy plating. The total amount of the zinc-nickel alloy
plated layer is 150 to 500 pg/dm?, and the nickel ratio is 16 to 40 mass%. This
layer has the function as a heatproof and rustproof layer.
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The zinc-nickel alloy plating conditions are as follows.
(Zinc-nickel alloy plating)

Zn: 0 to 30 glliter

Ni: 0 to 25 g/liter

pH: 3to 4

Temperature: 40 to 50°C

Current Density D 0.5 to 5 A/dm?

Time: 1 to 3 seconds

Thereafter, as needed, subsequent rustproof treatment may also be
performed. Preferable rustproof treatment is independent coating treatment of
chromium oxide, or mixture coating treatment of chromium oxide and zinc/zinc
oxide. The foregoing mixture coating treatment of chromium oxide and
zinc/zinc oxide is the treatment of using a plating bath containing zinc salt or
zinc oxide and chromate and forming, via electroplating, a rustproof layer of a
zinc-chromium-based mixture comprising zinc or zinc oxide and chromium oxide.

As the plating bath, representatively used may be a mixed aqueous
solution containing: at least one type among bichromate such as K.Cr.O7 and
Na,Cr,0,, CrOs, and others; at least one type of soluble zinc salt such as ZnO
and ZnS047H,O; and alkali hydroxide. A representative plating bath
composition and electrolytic conditions are as follows. The consequently
obtained copper foil yields superior thermal peeling strength, oxidation
resistance and hydrochloric acid resistance.

(Chromium rustproof treatment)

K>Cr,07 (NaxCr,07 or CrOs): 2 to 10 glliter

NaOH or KOH: 10 to 50 g/liter

ZnO or ZnS04+7H,0: 0.05 to 10 g/liter

pH: 3t0o 13

Bath Temperature: 20 to 80°C

Current Density Dy: 0.05 to 5 A/dm?

Time: 5 to 30 seconds

Anode: Pt-Ti plate, stainless steel plate, etc.

Chromium oxide is demanded to be plated in a chromium content of 15
ug/dm? or more, and zinc is demanded to be plated in an amount of 30 ug/dm?
or more.

Finally, aiming to improve the adhesiveness between the copper foil and
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the resin substrate, silane treatment of applying a silane coupling agent on at
least the roughened surface on the rustproof layer is performed as needed. As
the silane coupling agent to be used in the foregoing silane treatment, olefinic
silane, epoxy-based silane, acrylic silane, amino-based silane, mercapto-based
silane or the like may be suitably selected and used.

As the application method, the silane coupling agent solution may be
sprayed, applied with a coater, applied via dipping, or applied via flow coating.
For example, Japanese Patent Publication No. S60-15654 describes that the
adhesion of the copper foil and the resin substrate is improved by performing
chromate treatment to the rough surface side of the copper foil, and thereafter
performing silane coupling agent treatment. Please refer to the foregoing
document for details. Thereafter, as needed, annealing treatment may also be

performed in order to improve the ductility of the copper foil.

[Examples]

The present invention is now explained with reference to the Examples
and Comparative Examples. Note that these Examples are merely illustrative,
and the present invention is not limited only to these Examples. In other words,
the present invention covers all other modes or modifications included in this
invention.

By performing roughening treatment to a rolled copper alloy foil based on
copper-cobalt-nickel alloy plating within the terms of the following conditions,
copper of 17 mg/dm? cobalt of 2000 pg/dm?, and nickel of 500 pg/dm? were
plated. The roughened copper foil was thereafter water washed, and a cobalt-
nickel alloy plated layer was formed thereon. Here, the cobalt plating amount
was 800 to 1400 pg/dm? and the nickel plating amount was 400 to 600 pg/dm?.
After additionally forming a zinc-nickel alloy plated layer, a silane coupling agent
was applied and dried.

The used bath composition and plating conditions were as follows.

[Bath composition and plating conditions]
(1) Roughening treatment (Cu-Co-Ni alloy plating)

Cu: 15 gl/liter

Co: 8.5 glliter

Ni: 8.6 glliter

pH: 2.5
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Temperature: 38°C

Current Density Dy 20 A/dm?

Time: 2 seconds

Copper plating amount: 17 mg/dm?

Cobalt plating amount: 2000 pg/dm?

Nickel plating amount: 500 pg/dm?

Under the foregoing conditions, formed was a copper foil for a negative
electrode current collector of secondary battery; wherein the ratio of surface
area factor “(C)/(C’)" is within a range of 1.0 < (C)/(C’) < 1.1, when a three-
dimensional surface area upon measuring both the front and rear surfaces with
a laser microscope is (A), a two-dimensional area as a projected area upon
measuring the three-dimensional surface area is (B), and a calculated value of
(A)/(B) is expressed in (C), and when a three-dimensional surface area upon
measuring the surfaces of a non-roughened rolled copper or copper alloy foil
with a laser microscope is (A), a two-dimensional area as a projected area upon
measuring the three-dimensional surface area is (B’), and a calculated value of
(A)/(B’) is expressed in (C').

(Example 1)

In Example 1, the average surface roughness Ra of both the front and
rear surfaces based on laser microscope measurement was 0.07 ym. When a
three-dimensional surface area upon measuring the roughened surfaces with a
laser microscope is (A), a two-dimensional area as a projected area upon
measuring the three-dimensional surface area is (B), and a calculated value of
(A)/(B) is expressed in (C), and when a three-dimensional surface area upon
measuring the surfaces of a non-roughened rolled copper or copper alloy foil
with a laser microscope is (A), a two-dimensional area as a projected area upon
measuring the three-dimensional surface area is (B’), and a calculated value of
(AY/(B) is expressed in (C'); (C)/(C’) was 1.004.

The SEM photograph (x20000) of the roughening particles in the
foregoing case is shown in Fig. 1. As shown in Fig. 1, fine and uniform
particles were formed. Moreover, the average diameter of the roughening
particles of the roughened surfaces was 0.1 to 0.4 ym, and the variation in area
weight was < 0.5 (0).

Moreover, the cross section FIB-SIM photograph of the roughening
particle layer is shown in Fig. 2. As shown in Fig. 2, the maximum height of the
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roughened layer was 0.2 pm, and was within the preferred range of 0.2 ym or
less.

Moreover, this copper foil for a negative electrode current collector of
secondary battery was used to examine the adhesiveness of the active material.
Foremost, 11 wt% of polyvinylidene fluoride and 97 wt% of N methyl-2-
pyrrolidone were respectively added as a thickening agent to artificial graphite
as the negative electrode active material to prepare a slurry. The foregoing
slurry was applied on the roughened surface of the copper foil for a negative
electrode current collector with a doctor blade to achieve a uniform thickness.
After drying and press-molding the foregoing copper foil, the copper foil was cut
into a size of 1 cm wide x 8 cm long so as to prepare a sample for evaluating
the active material adhesiveness. The adhesive strength was evaluated by
affixing an adhesive tape to the foregoing sample and then measuring the
peeling strength upon peeling the adhesive tape in a 90-degree direction. With
respect to the evaluation of the active material adhesiveness, the adhesiveness
was favorable.

Moreover, this copper foil for a negative electrode current collector of
secondary battery was used to evaluate the falling (powder fall) of the
roughening particles. The powder fall was evaluated by affixing a Scotch tape
to the roughened surface of the copper foil for a negative electrode current
collector, thereafter peeling the Scotch tape. If the Scotch tape had discolored
as a result of subsequently affixing the roughening particles on the adhesive
surface of the Scotch tape, this was evaluated as X, and if no tape discoloration
could be observed, this was evaluated as O. The powder fall was evaluated
as O in Example 1. The foregoing resuits are shown in Table 1.

[Table 1]
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(Example 2)

In Example 2, the average surface roughness Ra of both the front and
rear surfaces based on laser microscope measurement was 0.07 um. When a
three-dimensional surface area upon measuring the roughened surfaces with a
laser microscope is (A), a two-dimensional area as a projected area upon
measuring the three-dimensional surface area is (B), and a calculated value of
(A)/(B) is expressed in (C), and when a three-dimensional surface area upon
measuring the surfaces of a non-roughened rolled copper or copper alloy foil
with a laser microscope is (A), a two-dimensional area as a projected area upon
measuring the three-dimensional surface area is (B’), and a calculated value of
(A)/(B’) is expressed in (C'); (C)/(C’) was 1.05.

Moreover, the average diameter of the roughening particles of the
roughened surfaces was 0.1 to 0.4 ym, and the variation in area weight was <
0.5 (0). Furthermore, the maximum height of the roughened layer was 0.2 um,
and was within the preferred range of 0.2 um or less. Moreover, this copper foil
for a negative electrode current collector of secondary battery was used to
examine the adhesiveness of the active material, and the adhesiveness was
favorable. Furthermore, this copper foil for a negative electrode current
collector of secondary battery was used to evaluate the powder fall of the
roughening particles, and the powder fall was evaluated as O. The results are
also shown in Table 1.

(Example 3)

In Example 3, the average surface roughness Ra of both the front and
rear surfaces based on laser microscope measurement was 0.15 um. When a
three-dimensional surface area upon measuring the roughened surfaces with a
laser microscope is (A), a two-dimensional area as a projected area upon
measuring the three-dimensional surface area is (B), and a calculated value of
(A)/(B) is expressed in (C), and when a three-dimensional surface area upon
measuring the surfaces of a non-roughened rolled copper or copper alloy foil
with a laser microscope is (A'), a two-dimensional area as a projected area upon
measuring the three-dimensional surface area is (B’), and a calculated value of
(A)/(B’) is expressed in (C’); (C)/(C’) was 1.03.

Moreover, the average diameter of the roughening particles of the
roughened surfaces was 0.1 to 0.4 um, and the variation in area weight was <
0.5 (). Furthermore, the maximum height of the roughened layer was 0.2 um,
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and was within the preferred range of 0.2 um or less. Moreover, this copper foil
for a negative electrode current collector of secondary battery was used to
examine the adhesiveness of the active material, and the adhesiveness was
favorable. Furthermore, this copper foil for a negative electrode current
collector of secondary battery was used to evaluate the powder fall of the
roughening particles, and the powder fall was evaluated as O. The results are
also shown in Table 1.

The sulfuric acid copper plating conditions were used to prepare
Comparative Examples 1 and 2. The sulfuric acid copper plating conditions
were as follows.

Copper roughening treatment

Cu:10to 25 g/L

H.SO4: 20 to 100 g/L

Temperature: 20 to 40°C

Dk: 30 to 70 A/dm?

Time: 1 to 5 seconds

In addition, by using the same plating conditions as the foregoing
Examples, as shown in following Comparative Example 3, formed was a copper
foil for a negative electrode current collector of secondary battery, wherein: the
average surface roughness Ra of both the front and rear surfaces based on
laser microscope measurement deviated from 0.04 to 0.20 ym; and when a
three-dimensional surface area upon measuring the roughened surfaces with a
laser microscope is (A), a two-dimensional area as a projected area upon
measuring the three-dimensional surface area is (B), and a calculated value of
(A)/(B) is expressed in (C), and when a three-dimensional surface area upon
measuring the surfaces of a non-roughened rolled copper or copper alloy foil
with a laser microscope is (A), a two-dimensional area as a projected area upon
measuring the three-dimensional surface area is (B’), and a calculated value of
(A)/(B") is expressed in (C’), the ratio of surface area factor deviated from the
range of 1.0 < (C)/(C’) < 1.1.

(Comparative Example 1)

In Comparative Example 1, the average surface roughness Ra of both
the front and rear surfaces based on laser microscope measurement was 0.61
um. When a three-dimensional surface area upon measuring the roughened

surfaces with a laser microscope is (A), a two-dimensional area as a projected
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area upon measuring the three-dimensional surface area is (B), and a
calculated value of (A)/(B) is expressed in (C), and when a three-dimensional
surface area upon measuring the surfaces of a non-roughened rolled copper or
copper alloy foil with a laser microscope is (A), a two-dimensional area as a
projected area upon measuring the three-dimensional surface area is (B'), and a
calculated value of (A)/(B’) is expressed in (C); (C)/(C’) was 1.38. Both results
deviated from the scope of the present invention.

The SEM photograph (x10000) of the roughening particles in the
foregoing case is shown in Fig. 3. As shown in Fig. 3, coarse and uneven
particles were formed. Moreover, the average diameter of the roughening
particles of the roughened surfaces was 0.5 to 1.5 pm, and the variation ¢ in
area weight was 1.2.

Moreover, the maximum height of the roughened layer was 3 ym, and did
not fall within the preferred range of 0.2 ym or less. In addition, this copper foil
for a negative electrode current collector of secondary battery was used to
examine the adhesiveness of the active material, and the adhesiveness was
inferior. Furthermore, this copper foil for a negative electrode current collector
of secondary battery was used to evaluate the powder fall of the roughening
particles, and the powder fall was evaluated as X. The results are also shown
in Table 1.

(Comparative Example 2)

In Comparative Example 2, the average surface roughness Ra of both
the front and rear surfaces based on laser microscope measurement was 0.27
um, and deviated from the scope of the present invention. Moreover, when a
three-dimensional surface area upon measuring the roughened surfaces with a
laser microscope is (A), a two-dimensional area as a projected area upon
measuring the three-dimensional surface area is (B), and a calculated value of
(A)/(B) is expressed in (C), and when a three-dimensional surface area upon
measuring the surfaces of a non-roughened rolled copper or copper alloy foil
with a laser microscope is (A), a two-dimensional area as a projected area upon
measuring the three-dimensional surface area is (B'), and a calculated value of
(A)/(B) is expressed in (C'); (C)/(C’) was 1.15, and deviated from the scope of
the present invention.

The roughening particles were coarse, and uneven particles were formed.
Moreover, the average diameter of the roughening particles of the roughened
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surfaces was 0.5 to 1.5 ym, and the variation o in area weight was 0.7.

Moreover, the maximum height of the roughened layer was 1.4 ym, and
did not fall within the preferred range of 0.2 ym or less. In addition, this copper
foil for a negative electrode current collector of secondary battery was used to
examine the adhesiveness of the active material, and the adhesiveness was
inferior. Furthermore, this copper foil for a negative electrode current collector
of secondary battery was used to evaluate the powder fall of the roughening
particles, and the powder fall was evaluated as O. The results are also shown
in Table 1.

(Comparative Example 3)

In Comparative Example 3, the average surface roughness Ra of both
the front and rear surfaces based on laser microscope measurement was 0.27
um, and deviated from the scope of the present invention. Moreover, when a
three-dimensional surface area upon measuring the roughened surfaces with a
laser microscope is (A), a two-dimensional area as a projected area upon
measuring the three-dimensional surface area is (B), and a calculated value of
(A)/(B) is expressed in (C), and when a three-dimensional surface area upon
measuring the surfaces of a non-roughened rolled copper or copper alloy foil
with a laser microscope is (A), a two-dimensional area as a projected area upon
measuring the three-dimensional surface area is (B’), and a calculated value of
(A)/(B) is expressed in (C); (C)/(C’) was 1.09, and was within the scope of the
present invention.

Uniform roughening particles were formed. Moreover, the average
diameter of the roughening particles of the roughened surfaces was 0.1 to 0.4
um, and the variation o in area weight was 0.6.

Moreover, the maximum height of the roughened layer was 1.0 ym, and
did not fall within the preferred range of 0.2 pm or less. In addition, this copper
foil for a negative electrode current collector of secondary battery was used to
examine the adhesiveness of the active material, and the adhesiveness was
inferior. Furthermore, this copper foil for a negative electrode current collector
of secondary battery was used to evaluate the powder fall of the roughening
particles, and the powder fall was evaluated as x. The results are also shown
in Table 1.

(Comparative Example 4)
Shown is an example where roughening treatment was not performed to
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m croscope neasurenent was 0.07 pm Wheg a three-di mensi gualyrspifi@egAr ea
upon neasuring the roughened surfaces with a | aser microscope is (A), a

t wo- di nensi onal area as a projected area upon neasuring the
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val ue of (Al/i$ Opt puitable @ess awtenial (for igrpring headhesiveness 0bHE] MEFUBREY , t he
aver age di aggﬁg heatbRYoheni ng particles of the roughened surfaces was
0.1to 0.4 ré(n%tny%e v%rlgatlon in area weight was < 0.5 (a), Furthernore,
t he maxi num hei ght of the roughened |ayer was 0.2 pm and was within the
preferred range of 0.2 pm or r -s, copper foil for a
negati ve el ectrode current JNW%WEE@MQW battery was used to

exam ne the adhesiveness of the active material, and the adhesi veness was
favorabl e. Furthernore, HIS’[IS copper,. foi|l for a negative el \%gtrode current

col | el98fl of secOneRRErHRM ter ¢ (egatiVeetleriods AuahE cofieetpoRi@ SeeaNdasy t he
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| aser mcro t Mens

surface ar egﬁé orﬁn‘@g%?{qﬁ@ Y hé rg%?ag “ngehlv%ﬁa%ré%%\lﬂot ﬁéggflgser mé%ﬁgécope
is (A, a tmﬂhmah@rﬂaérn@eesmianaeprﬁhereﬁmd ﬁmﬁrespnlnnmemmr lsrejfetctiﬁe

t hr ee- di nensi onal ar val A/(B) is
expressed i fAi° é)oppgﬁfp %Eﬂ %Q?Hy%sgggrﬁgﬂgpaﬁaf @Fhﬁ@ sﬁ?@ﬁ%%ﬁu asuring
the surfaces of a non-roughened rolled copper or copper alloy foil 30 wth
a laser mcroscope is (A, a two-dinensional area as a projected area upon
measuring the three-di nensional surface area is (13'), and a cal cul ated
value of (A )/(61) is expressed in (C); (O/(C was 1.03. [0047] Mor eover,
t he average dianeter of the roughening particles of the

roughened surfaces was 0.1 to 0.4 pm and the variation in area wei ght was
< :350.5 (a). Furthernore, the maxi mum hei ght of the roughened | ayer was
0.2 pm 16PCT/jP 011/050812 and was within the preferred range of 0.2 pm
or | ess. Moreover, this copper foil for a negative el ectrode current

col l ector of secondary battery was used to exam ne the adhesiveness of the
active material, and the adhesiveness was favorable. Furthernore, this
copper foil for a negative electrode current collector of secondary battery
was used to evaluate the powder fall of the roughening particles, and the
powder fall was evaluated as 0. The results are also shown in Table 1.

[ 0048] The sul furic add copper plating conditions were used to prepare
Conparative Exanples 1 and 2. The sul furic acid copper plating conditions
10were as follows. Copper roughening treatnent Cu: 10 to 25 git. H2SO4: 20
to 100 g/L Tenperature: 20 to 40C Dk: 30 to 70 A/dn2 Tinme: 1 to 5 seconds
[0049] I n addition, by using the sanme plating conditions as the foregoing
Exanpl es, as shown in followi ng Conparative Exanple 3, formed was a copper
foil for a negative electrode current collector of secondary batten/
wherein: the average surface roughness Ra of both the front and rear
surfaces based on | aser m croscope neasurenent deviated fromO0.04 to 0.20
pm and when a three-dinensional surface area upon neasuring the roughened
surfaces with a | aser mcroscope is (A, a two-dinensional area as a

proj ected area upon neasuring the three-di nensional surface area is (B),
and a cal cul ated value of (A)/(B) is expressed in (C, and when a

t hree- di nensi onal surface area upon neasuring the surfaces of a
non-roughened rol |l ed copper or copper alloy foil with a |laser m croscope is
(A"), a two-dinensional area as a projected area upon neasuring the

t hree-di nensional surface area is M and a cal cul ated value of (A)Ii(E) is
expressed in (C), the ratio of surface area factor deviated fromthe



30range of 1.0 < (O/(C) < 1.1. [0050] (Conparative Exanple 1) In
Conparative Exanple 1, the average surface roughness Ra of both the front
and rear surfaces based on | aser mcroscope neasurenent was 0.61 pm Wen a
t hree-di nensi onal surface area upon negsuring the roughehed P'igﬁflt?s%g?z"‘“h a
| aser mcroscope is (A), a two-dinensional area as a proj ec‘{e
17PCT/ JP20111050812 area upon neasuring the three-di nensional surface area
is (B), and a cal cul ated val ue of (%—f\&é}? is expressed in (C, and when a
t hree- di nensi onal surface area upon neasuring the surfaces of a
non-roughened rol |l ed copper or copper alloy foil with a |laser m croscope is
(Al a twelalinctli ensi dnhedpperdail & aanegatjvectlecirateecurgrdrecotieatsu of Becdritary
t hr ee- di nensi O@a‘%tteﬁ}'&{h% area is (a), and a calculated value of (A/(a) is
expressed in ( | f "was 138. Both results deviated fromthe scope of
the present inventi oougHediy IrkatraeBEhdgeiodner esdper-cbBaRMcked ands;egra@etgheni ng
particles in the fo,revgﬁ}:l{]] case i s .shown in shown in Fi

[

Fig. 3. As 1 Fig. 3,
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the variation a in area weight was 1.72. Mor eover, the maxi num hei ght
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range of 0.2 p I E L this copper foil for a negative
el ectrode curre@ﬁgbgtﬁ%’g gfagwgot'elcgﬁ%ary battery was used to exam ne the
adhesi veness of thewieni adhreg-éimearisjorahdurface atea ipoenreasursg ibotrether .
Furthernore, t istcogper foil for.ﬁ negati ve el ectro&f) curre@.t col | ector of
secondary bat t $iY' RHE TGEEUTACER, Wit &4 FSPhEINORA™E 1S14): G ModIMes ing
particles, anddrég a8 jet@d aresugdrindsefing the threedinRsisidnal alfagé so
shown in Table 1. 5500105 ]LéCong&aratlve Exanpl e 2) I n Conparative
Exanpl e 2, the 38fH& 4 PASCUBEGYAREOTRA)/GR) IBERressedrin éai, akdvherr
surf aces based Pihre@3ffeSicid KpRRe Hiea URFFRbal@ihd e’ sBfednsh S7gnat ed

t he en a

fromthe scope o present 1 nvention. MNoreover,
t hr ee- di mensi ofaughanedaobed ceppenporcappas alonfyiltwith a tasgheniewdssopd Ec@S), Wi t h a

I : ; _ it . oot
moasuring the_ chsEinsidid pdly AbBiGied & Taeh RicBGfdnGiRes VA ue
of (A)/(B) is eipersioral surf{de) arends WBON andt br edeulateingalarabf sAlN/(BiFes ar ea
o Toy Tor I 30 GPIRSIoN 45 )-ihe raue ShRiTask atpa TAousCoH Gah D 2 BME s o
proj ected areagfp@< &Y kNY1t he three-dinensional surface area is (B'),
and a calcul ated value of (AWf31) is expressed in (C: (Oi(C) was 115,
and devil@ta@ 2lr om t &eseeprerofolt iy gr aseative wlastioden current3p It ®figtheni ng
par L1 ol oS, Wer © seeasay HMBRMERIRAId LEhRS, WRiGelD bR e A5 BIARUEF of e

aver age di anet er e roughening particle e roug
18PCT/ JP2011/ 050&di®Ering partickeswwd shdrdughengd Sutfaces isrid1 th6.4/@ami ati on in area

wei ght 0.1, Mor eovet .. the maxinmum hei ght. of the roughened | ayer

was 1. 4\@%"965% di d Th6t PR fﬂ'lt h(i’rn 3 H@gﬁ?"& gfﬁcgadpaﬁggegtf C@hl 1¥m%r@ | ess.

I'n addition, tResowdPattes) hedsrting edainh Meoretigigh 20 dhepainrtBBtm&amuget or  of
used to 5 exam ne the adhesi veness of the active

secondary battﬁrﬁ vvaﬁ

material, and t§EMGhasPUGRNSS lqMer is k2 HMPT 'eS%ir t hernore, this copper foil
for an b rd el ec d r ent I efoaRd sed to
eval uat th%?{g\mi)ovwer Erbgl ?o%?grt ﬁﬂel I@ﬁghgﬁéﬁ%‘leﬁfg}tl clags,e&gﬁ@azc Eé%% zréjf al |
was eval uat ed &scondariidattenimecording talany oneaficlaimsTatol 8 comgrisint 8 05t}

(Conparative I Lhhe avera

surface rough%gésm ! et qeﬁgp?ﬁ?%ﬁﬁﬁﬁglr %g'gﬁéw%”i‘cgs“%@@@a&&?ﬁ] aﬂi’éer

m croscope neaplatedritayer,vensing-rickep ailoyapthteteidyat add far chirohfate &gepeaarefiortdie
present inventi gn. Mor elover when a théee-di nmensi onal surface area upon
measuring the S6HYhERHRING 13¥EEeQn figth the; kont 3R reAE syElagee waIchayver

t wo- di mensi onakupjees t8S réugHeRirRf [tRshtRePR BIRRR W%b?@gcémrnickel alloy ,

t hree-di nensi onal surface area 1s (B), and a cal cul ated value of (A)7(B) is
expressed in (@atingnef firsalled eoprasadicaprsr dleyfobur f ace area upon measuri ng
t he sur f a ngpar %n e er p I ilewth a
| aser mi(g%gécsgpe is??ﬁ' ? a t%l- ?fﬁjm%ng?gna 3}%r0§§ 28{')-?@% é:ggl'%cfégﬂa%‘ég upon
20 neasuring the three-dinensional surface area is (B'), and a cal cul ated
value of (A)i(E) is expressed in (C); (O/(C was 1.09, and was within the
scope of the present invention. [0055] Uniformroughening particles were
formed. Moreover, the average dianeter of the roughening particles of the
roughened surfaces was 0.1 to 0.4 pm and the variation a in area wei ght
was 0. 6. Mor eover, the maxi mum hei ght of the roughened |ayer was 1.0
pm and did not fall within the preferred range of 0.2 pmor less. In




[ 0056] (Conparative Exanple 4) 35Shown is an exanpl e where roughening
treatnment was not perfornmed to 19PCI MP2011/050812 the rolled copper foi
(untreated). The roughness Ra was 0.05 pm and (C)/(C) mas 1, The

adhesi veness in this case was i nmeasurable as shown in 1,

inferior. It can be understood that, £t this rolled copB@F“P@”ﬂmﬁgmﬁsed as
is, it is not suitable as a naterial for inproving the adhesiveness of the

secondary batt %é&orﬂféry\b%ﬁaﬂt 8&doMiing! IRAST Bhélof '%Palﬂhb@\fﬂ |4[ Wﬁe&é]n [DaE8)
A copper foil for a negative electrode current collect secondary

battery of thewWsighe@rialionshin arcanpes jpibwigh q’IFﬁGHenéﬁutO%rfe GPPRE{eOr
secondary batt t he
vari ation in t ePRfcalo o Ehe bBbnaiAg EaRHER han 1 KBRS | Mo
al so has super ware sabjebeto roaghemlagctr@aandntih@rfwarles&a stance. Therefore, the
present invention is effective as a copper foil for a negative el ectrode
current collector of secondary battery. 20PCT/JP2011/050812 CLAIMS [Cl aim
1] A copper foil for a negative electrode current collector of secondary
battery, wherein: rougheni ng treatnent based on a
copper-cobalt-nickel alloy plated layer, in which Cuis plated in an anount
of 15 to 40 ng/drn2, Co is plated in an anount of 100 to 3000 pgicink, and
Ni is plated in an anount of 100 to 500 pg/dn2, is perforned to both front
and rear surfaces of a rolled copper or copper alloy foil; and when a
t hr ee- di nensi onal surface area upon neasuring both the front and rear
surfaces with a laser mcroscope is (A, a two-dinensional area as a

proj ected area upon neasuring the three-di nensional surface area is (B)

and a cal cul ated value of (A)/(B) is expressed in (C, and when a

t hree- di nensi onal surface area upon neasuring the surfaces of a
non-roughened roll ed copper or copper alloy foil with a |laser m croscope is
(A), a two-dinmensional area as a projected area upon neasuring the

t hr ee-di nensi onal surface area is (ET), and a cal cul ated val ue of (A)/(81)
is expressed in (C), the ratio of surface area factor '":(C/(C5)" is
within a range of 1.0< (Q/(C) < 1.1. [Caim2] The copper foil for a
negative el ectrode current collector of a secondary baftery according to
claim1l1, wherein an average di anmeter of roughening particles of the
roughened surfaces is 01 to 0.4 pm [Caim3] The copper foil for a
negative el ectrode current collector of a secondary battery according to
claim1 or claim?2, wherein the nmaxi num hei ght of a roughened | ayer is 0.2
pmor less. [Caim4]The copper foil for a negative electrode current

coll ector of a secondary battery according to any one of clains 1 to 3,
conprising a rust-proofed | ayer or a heat-resistant |ayer selected froma
cobalt-nickel alloy plated |ayer, a zinc-nickel alloy plated |layer and a
chromate | ayer, and/or a "silane coupling |ayer on both the front and rear
surfaces, which were subject to roughening treatnent based on
copper-cobalt-nickel alloy plating, of the rolled copper or copper alloy
foil. [Claimb5]The copper foil for a negative electrode current collector
of a 21PCT/JP2011/050812 secondary battery according to any one of clains
1 to 4, wherein a area weight variation a in a copper foil width direction
of the rolled copper or copper alloy foil after roughening treatnent both
the front and rear surfaces were subject to roughening treatnment is 0.5 or
| ess.



