PCl 7JP2011/ 050812 DESCRI PTI ON COPPER FO L FOR NEGATI VE ELECTRODE CURRENT
COLLECTOR OF SECONDARY BATTERY TECHNI CAL HELD [ 0001] The present invention
relates to a copper foil for a negativeiel ectrode currentpcolpmatososad
secondary battery, and in particular provides a copper foil for a negative
el ectrode current collector of a secondary battery in which the

adhesi veness of the secondary bat tRESCRIPTMN material is superior, and

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

(her e; naf t elr @@IPIFEEEIRiFgHLﬁ@@M@A’ﬂI\A&)EEEC&R@DE@DIﬁREiNT EOL&E(E?IT(DRidbut i ng
significantly to the deve op ectronic-rel ate

i ndustry, and is indispensabl Ea%%%‘lb%‘?@éﬁé@?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 materials. For
exanpl e, in the case of a negati VBCEINEAIIELBUrrent collector of a lithium
secondary battery, adhesiveness between the copper foil and the negative

el ectrode active material is demanded. In order to inprove the adhesiveness
bet wegooathe copperhd q»'rdzsemhanérﬂioacmeila»tes rratarcoapeofoil foe ale@gatiwe eﬁcmmﬂeode
current coll ector tand ctlceto%ﬁrformsu ace tre t of

o o et Eol et o SR B R, BR Ty 41t i BRI Pichilels X Sopie Tl

known are mej h@@@tuwcéle@tsodé asifreht ellgent  off 8l $eddthdahy battery Wsavigith athe
surface roughening roller, nmechanical polishing, electrolytic polishing,

cheni cal poIQWW&neﬁﬁ&fftbia MACPHAADE baiteyhRGiVRg BTl i SYPBERRe@ngnwhich
el ectropl ating yddiee! e YSBatin ?I% fated C\Né hfjo?‘?lﬁ?esrexeh&éﬂyn al*ﬂ?rg active

(hereinafter referred to as "roughening treatnent nong 't ove,
rougheni ng tmatgrisent is frequently used. Roughening 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
sunface so as to formirregul ar BAGSGRGUEDMARTor instance,

PCl MP2011/ 050812 refer to Patent Docunent 1 and Patent Docunent 2),

[0002] A copper and copper alloy foil (hereinafter collectively referred to as a
"copper foil") is contributing significantly to the development of the
electric/electronic-related industry, and is indispensable as a printed circuit

20 material or a negative electrode current collector of secondary battery. A
copper foil is demanded of high adhesiveness with a resin base material and

other materials. For example, in the case of a negative electrode current

collector of a lithium secondary battery, adhesiveness between the copper foil

and the negative electrode active material is demanded. In order to improve

25 the adhesiveness between the copper foil and the active material of the negative
electrode current collector, it is standard practice to perform surface treatment of

forming irregularities on the copper foil surface in advance. For example,

known are methods such as blast treatment, rolling with the use of a surface

roughening roller, mechanical polishing, electrolytic polishing, chemical polishing,

30 and formation of roughening particles based on electroplating with the use of a
sulfuric acid copper plating bath (hereinafter referred to as "roughening

treatment”). Among the above, roughening treatment is frequently used.
Roughening treatment using a sulfuric acid copper plating bath aims to improve

the adhesiveness based on the anchor effect by electrodepositing copper

35 particles on a copper foil surface so as to form irregularities thereon (for instance,



Nevert hel ess, the roughening particles obtained by using a sulfuric acid
copper plating bath have a problemin that the particles are uneven and the
roughness degree is high due to the aggregati on of enl ar gecr/nrughesisng
particles. In other words, when the roughness degree of the roughening
particles is high, the anchor effect contrarily beconmes weak or the copper
powder f al | sefardonPaitentpgdodunoentvihanc Patest Dogeghemt 2y parti cl es have

aggre . Accordin there is . .a problem.in that s Lcie esl.yeness
bet vvegﬁéos e coppe’ge\f%wél?st?r Fﬂ?%éo '?Q/Ba'g'l%eét?%@@egﬁ &h@gc%%f@g{bo?& nd
the active reypper dlathnbath hgvelt piobesh in that théVpamieled ard Dnéven eadethef a
l'ithium secondary battery a carbon material is generally, used as

I _ he,
negative el €eHEBURSSadED(RE atlighafiue ith Biey@gofegalisParh ElRregenroNegRRING
char gi ng/ di i ng i h e sV ebf ahe ORILALBRIRGLY
spgstteri ng sili clgér'l o}rpt%ﬁ@&: i erd%’oevfhgrﬁmﬂ? trﬁ]ﬁ% fil me?g@ge:b‘;lg ?:ollral)tsuigder eg.
Nevert hel esspartidgles isi higbotherancher |dflest ioontredly hecames nueglt iofethel eeppasde

active materjal , t ' ' - ' r ' of
he. vol ume daditss 0F fiob™ 1 BB bR T pu ey RERREE nERE B8t e
char ge/ di schacqediogly| ¢havel Is Bnprobése iantthat ausfeidrieadiwsivemesat mstivakbnt thepeel
or fall, and the hattery properties will thereby deteriorate. Thus, .

i mpr ovi ng tl‘@pgﬁﬁg%'[ &@n%‘?sn?&%\)@e eetde GHRER F%‘qu? 5@ é)(t,%? PelYoMalfgek he
acfyi ve mat erdspnot BEdbRsig¥@nt i ng copper powder particles fromfalling, which
is affected by the aggregation of roughening particles on the copper foil
sur f ad8004ar e cri tMeegovesdipdle case of a I'ﬂﬂu@cﬁﬁqoﬂgﬁfy battery.cy 6arben ppterial is
roughness d i-af i I deg i
Foughen ng. i abadeed s (¢ nbale LfeckOf; SR RERGHAPOIFERY 1b aBtan an
treat ment coavainddrigtery chafging/disheargingu riapatity, htheaatsiev ©f nam eadtvie hoatadal on.

the-capaci t sRiaH TRe R pEr et Qo gt o RUERIT s bRFER o m e
acfsi ve mat erfl@lerfteldy, wtidresiicombor ansl likeds used fache mdgatine ategtmaie Active,

both the front and rear surfaces of the copper foil after being subject to
rougheni ng t/PatarRenhefRds mproblemyin thad tQﬁn&Haé\?Qn/%”t@ﬁ'?’éég &Suﬁfﬂh'&e&

Meanwhi | e, %4889 frfel Abdtptisrnasdtageassithipfions RNng BetdHaryd/bBcRaRREr
foil or arolle pc}_lpper f0|P dependi Nng on the production nethod thereof. A
general el eceyclst yili inceasaspeand ealisehihe activeugatel @ taeeckedtalianad dheybatery
surface sid I : ur S. . i

nobby i 1 eguparitES ol AtreB] el afiraf” THEES mABGicIHE el eheT b’
whioch ar e unthgquepdper doil 3PETdalIE2t lHrMb 08l Ackle otatetizlt iandcpepentifgpicbppand

the gl f i hape . f he t . f wheel k
of an of oot rMASTPRIERS Mo BT AT BB bPLLts aryRRa aosh e B dhas
di fferent sysfrages shaResoppet fofl sUFfabé, Aacritiearissugsf aces, and the difference

in roughness of the front arid rear surfaces is |arge. en roughenin
treat nBo5]i s per flor additien, theelevebat t%mq@psg@q@@%@r&%vg@ Y 9’% c

copper foil, - { ! t ed,
and causes {0 e I R e PR ol fie ool aoPwas BORELEE,
i Nr ease andoupbeniagi tieatomentncensiderablyhafies thegeswund ¢htheeastve anaterial i s

thereby diffjcult to reali.ze nj f o] r Ke) . tive
10el ect r ode 1!88{1? '%n'malpe ?(Hﬁo'a:g%r1%%@%&?%%0%@%&%%%“%?ﬁrcng&gﬁ

ro: : ed Copg&éﬁéd&i 1h_e‘ Gapichancedf ﬂm)edﬂmtery.plAa;jomgﬂaglgj ingotier woepemd I| mlygfocrlolah
rolling and annealing up to redeterm ned thjckne and ul ti mat

achi eving a QWVEI(HEE?%aEPnERPtEﬁﬁ%rfrqrﬁsaé‘di A R Pﬁ%loﬁ%? &OPBEI f%lg%ﬁﬁbﬁ&s
general Iy speaitl 884 rbBf sUAHBBSFSthancasid ﬁ)ﬂré%%’e;ﬁeiﬂ%; subject! rA re@pR@Ing oi |
is small, and it is easy to reduce the variation in the roughness between
th® front aneatment dasirally baveidhesame oyl of sdgermUeineseat ment using a

sul fur] cid co i I I & .l el

t here Hb(sf%i pr obl g@??ﬂ%ﬂ%’té]g %@%Qﬁgﬁ@?@%@%ﬁ%ﬁ&n% gﬁéﬁ&gﬂ@ﬂfﬁd&) d\(/eglrﬁ%”!ati on
i n the roughoes solibegcamearlfoib dependiageondihe produbison nfdtien twereéf. t Hegeneral
aggregation of the.enlar .rougheni ng_ 20part.i cl a ricbed qve.
(80081 Thus, Fect TS EoRReie hGS e g e SOE A BIgoET SURERPRBEIN cve
roughness unjrb@r Bhd Yredn csifaRas e Tt rmg:jrf eurfaty side ths knobby andgulesties
surfaces of a rolled copper foil in order to iggroveﬁéﬁlﬁﬁhactive mat eri al
adiesi venessfompgd e, e geowWihnof SOUMRRIc RTYStaH 9RBISg G rE¥YRAR  @hind
wel | - bal anced roughening treatnment is required. Thus, the current situation
is that the devel opnent of a copper foil for a negative el ectrode current

col | ector of secondary battery is being demanded. [0009] [ Patent Docunent
1] Japanese Patent No" 3742144



30[ Pat ent Docunent 2] Japanese Lai d-Open Patent Publication No. 2002-319408
DI SCLOSURE OF | NVENTI ON 4PCT/J P2011/ 050812 el ectrode current coll ector of
a secondary battery in which the adhesiyeness of the secopdaiyobabtsny
active material is superior, and which can reduce the variation in the area
wei ght of the secondary battery active material. [Solution to Problen

5[ 0011] The mlesteriytia covmerifoih gnddbheddsssy slyfade cajepleas & shbpé dornzechigat thee

Cr eat mont. | BT ST o B R B < v e e ol B G B e

or copper alddppef%ul ha§@|f@r@mta@ﬁfa&5¢r§mpésr@uﬁ@mm$aﬁa rehr boﬁacé§1@nﬁrmet and
rear surfaces _based on |aser m croscope neasurenent 10 is 04 tao 0.20 pm

and when a tHFENEP nEnIPeSRAICSSUOf af@@ anoeh ABbricAe SUITECRY tshéar%ugh\é’ﬁ‘éﬂ
sursfaces wi trBu@héﬁﬁﬁrtrabﬁﬁé’rﬁC%O% ree d;?thé‘“frght”%%' ? sﬁﬁﬁéeé‘sofa?n

pr Oj ected area upon neasurin I mensi onal surface area i s
and a cal cul%le@cblwtai gepper (ot\b /thB)ume;/e@xmL@d;@easmf the) coppal Taflesurtaces is

t hree-di ”Enzfgﬂé'%%dsé'ﬁ{i %gﬁ%@sr i (li'iﬂgr%@%g ﬁ?& eslg "fé ffl%,?]ﬁ%ﬂB fredr surfaces

non-r oughen r Ol opper f0| a | aser
m croscope ite ind)ease ane-tik mmaho:mah thea@ugbn@sspdegma & iroreaseypad it is

nmeasuring t thre nsi on surfa e area | nd a | cul at.ed

Vel ve of (AUt Sl 43 s@ans: { corrhe T ofortPace’ dheaedREr | s
wifhi n a rangégcttddeladtive rﬁgt)e/rlépdéscﬁbea abo%e. The copper foil for a negative
el ectrode current collector of a secondary 20battery according to 1) above,

wher eilPP%h aver addeanuhia &ingst arelrfheaPrry fplig PEQcisedibn ket rodingram ot
surfaces is Qydafify Qoflf RBling and annealing up to a predetermined thickness, and

ultimately achieving a thickness of 50 um or less in the final cold rolling process;

generally speaking, the roughness on both surfaces of a rolled copper foil is
15 small, and it is easy to reduce the variation in the roughness between the front

and rear surfaces. However, when roughening treatment using a sulfuric acid

copper plating bath is performed to a rolled copper foil, there is a problem in that

the roughness degree increases and the variation in the roughness degree also

increase due to the influence of the aggregation of the enlarged roughening
20 particles as described above.

[0008] Thus, it is desirable to perform fine roughening treatment to achieve
roughness uniformity and area weight uniformity on the front and rear surfaces
of a rolled copper foil in order to improve the active material adhesiveness, but
there are limits in such fine roughening treatment, and well-balanced roughening

25 treatment is required. Thus, the current situation is that the development of a
copper foil for a negative electrode current collector of secondary battery is
being demanded.

[0009] [Patent Document 1] Japanese Patent No. 3742144
30 [Patent Document 2] Japanese Laid-Open Patent Publication No. 2002-319408

DISCLOSURE OF INVENTION

[Technical Problem]
35  [0010] An object of this invention is to provide a copper foil for a negative



3) The copper foil for a negative electrode current collector of a
secondary battery according to 1) or 2) above, wherein the maxi num hei ght
of a roughened layer is 0,2 pmor |less.4 4) The copper fopd1/io18osRgati ve
el ectrode current collector of a secondary battery according to any one of
1) to 3) above, wherein the roughening particles are fornmed on both front
and rear surdleatexieotursentaldilectoc op pesecondagpipaiteralih eyshidhotHe bghedivadriesg ofi t h

one el ement ,anong c e cobalt and,.nickel, or. by all lating with two
or rore. e erfbhEtobaR; batEReaeiEoTet i) §urEgBh A o sanyeruga e

el ectrode cuirigfibn fPlheefbawdghtefies s8eeidarP BhttenYadtics dfistengl. t o any one of
1) to 4) abaove, conprising_a rust-proofed |ayer or a heat-resistant |ayer

sel ected frdnrhtiepsaProbieedel al | oy plated layer, a zinc-nickel alloy
pl at ec[odﬁx]yer and T%e%'fre BB BvbAe odiydkor a silane coupling layer on both

the front® and rear suer)aces, \A%Cﬁ:%r were subject to roughening treatnment, of
the rolled clpperA moppepgdeil faf lcoyefaiite el@}de copper coliictorf of sacordmyi ve

o) ectrode CUCRER, (PR Plcblrfar TRROGENY s BASIPRASE LA ARA AP0
direction ofsutfaces of laerblledprppepior copper akdy fyl; bai dverdgee sulfatd rélghriesent
EFFECTS GF INNBRAPENE OB PTHGeBr SUEAES: FRASHSTbRCHT Bles oRs peAPUe T cct
ofjgbei ng abligotoy Ry @Y0dfn2akPRPeh d Brde-HRthemsiteAUHYEe %!r@&hb@ﬁ?né‘ééh"riﬁ@t
collector of a secondary battery in 10 which the adhesiveness of the
secondary bdhe épyghanadveurfagesrwit) ajlaseyupisressiopeadfdAMa Mo-giinensidileareae
= 'E;":“ 'D‘ég C;Qﬁg%z? W%&_@P\'@igﬁmpaﬁf mieBSufiRf M HYe AFhLAG¥nA LR TES i 2B),

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

15 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 is within a range of 1.0 < (C)/(C’) < 1.1.

2) The copper foil for a negative electrode current collector of a secondary

20 battery according to 1) above, wherein an average diameter of roughening
particles of the roughened surfaces is 0.1 to 0.4 um.

3) The copper foil for a negative electrode current collector of a secondary
battery according to 1) or 2) above, wherein the maximum height of a
roughened layer is 0.2 um or less.

25 4) The copper foil for a negative electrode current collector of a secondary
battery according to any one of 1) to 3) above, wherein the roughening particles
are formed on both front and rear surfaces of a rolled copper or copper alloy foil
by plating with one element among copper, cobalt and nickel, or by alloy plating
with two or more elements selected therefrom.

30 5) The copper foil for a negative electrode current collector of a secondary
battery according to any one of 1) to 4) above, comprising 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

35 the rolled copper or copper alloy foil.



[0013] [Fig. 1] This is an SEM phot ograph of the roughening particles of
the copper foil for a negative electrode current collector of a secondary
battery of Exanple 1. [Fig. 2] This is @ cross section FlgHliddopheings aph
of the roughening particles of the copper foil for a negative el ectrode
current collector of a secondary battery of Exanple 1, [Fig. 3] This is an
SEM phot oglr ah onThdweoppmg‘beri?rlng rpa@atli/fIe@:tmﬂetdwrem@gp%cttbrobi afseconadary
negative e ode current coll ect of_.a,secon atter aratl ve
ol 6 1. (U5 ApSHHING ey e B BRVE HISElD 7 B0 NG NATOIoN fe
rougheni ng pard tsdRs 16 widie direrder of EHé rolled c@pﬁé‘lgéﬁ bd;ﬁ)é?'&l@%E@iﬂQﬁ@rttﬁdtﬁnt
coll ector of a secondary battery of Conparative Exanple SCRI PTI ON OF

EMVBODI MENTS B8 [0 and rearcoisiaees wsire subiegt fovougkepipgdeatmentiettd enless. a

rolsl ed copper foil or a copper alloy foil. Arolled copper foil and a
copper alloy foil are superior in ternms of high nmechanical strength and
flex resistance in conpari sonBErGERTSIFCINENTI@N copper foil. For use as a
negative el ectrode current collector of a lithiumsecondary battery, it is
possible to obtain a battery with higher capacitance by causing the copper

foil tibaiekness tdrﬂlﬁptd@'enﬂ&’rvenbum yldigs atsuprgibh effE 1o BHRSaBpbwWdd b
deteriorate when per foil thickness is thin, a dit entai|s the

possi bi | ity GPP§’ 5%{(15 %”eﬁﬁh‘ée e|actrode faient selegter 9 8 3LSOHARBUPB YR f oi |
ang a copperyth &Y é@hésN@HeCs]% drane sEbWry %Taﬁéﬂgééilvenﬁé‘teﬁal §|s‘%1?)teﬁ8|| )éhHC

copper foil. [0015] There is no particular”limtation regarding type of
rol | ed coppavhiehichn seduasoipserarialipoyn thei areaovaightuafdbe sacw@rwbeﬁem active

i nvention, gtl foil to be used may be suitably selected according to

t he usage or denmanded characteristics. For exanple, in addition to

hi gh-purity copper (oxygen free copper, tough pitch copper, etc.);

Sn- cont ai ni ng copper, r all oy such as
Cu-Ni - Si - based copper al I%WPE@%@W@F‘ OE?&XWQES' i ke, or

CusCr - Znbased copper alloy doped with Cr, Zn and the |ike nay be used.
There is also no particular limtation regarding the thickness of

rol | edO¥8bpdFigr di IThimis e PAPIcsTaRMLPT thearﬁug*ﬁmng Redieirssef thﬁ)POBE‘ti‘rsf?i”t ably
sel ect ed acqeféhnegﬁ \FeéIEEtfrHéﬁEGrreﬁt &ﬂl@?@?%@a%’%ﬁ ﬁ&ér?rﬂa?%'rféf EXFEk

speaking, the th ness o e co ol | mhlc Is"used Tor a coHIector of
the lithi um[E@cBhd’é\i%/ISbatcr@wSth@@tFlBeS@ﬂ ebiotagtagh iof the tgyighgnig particlepm

[ 0016] Roughepi ﬁﬂI t 0 faces
of the roll gd(:; l@gpzﬁé 6r%gofpper glag{/g?ege{;tpoc%ntcgdgﬁfic8[l|é’)&{>h%?g%gggggé rface
raughness Rbabienpot Bxarhpleft.ont and rear surfaces of the copper foil based
on | aser m neasu s 0.0 0 hi s espect
could he saﬁé ﬁgiﬁﬁﬁ q%é%p%gﬁogr%ofetberrg% ?/PF%ng?ﬁefsa‘&fé ?GGBHﬁ’e@Q in
conpari son tgr aheghfdd ERIcYbHE EARPEEolRitdr 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



The reason why the lower Iimt of the average surface roughness Ra is set
to 0.04 pmis in order to formfine particles and i nprove the adhesi veness
of the secondary battery active materiaf. It is thereby pessifdoebspsappl y
as nmuch active material as possible, and inprove the capacitance of the
battery. Meanwhile, the reason why the upper limt is set to 0.20 pmis in
order to reduteectdroraterwiadn te coppendoibthickness ghthirgfandheestads traapgssiElity er y
active material. |t is_ther osibet0| ve th ar.ge/ di sch
properties df & WPtWEco HFy'?b%gg &Es%alrgﬁqquc%mrefp@ d% ﬂpqq{eﬂggpper
foil for a rf@ﬂ)%'ldfﬁhﬂee}%h@rdﬁréﬂgtﬁﬁmn @@ble%crbgnc@bppacf@ndary battery of the
present invention; the ratio of surface area factor " "is wthin a

range 183151, 0 < (Qhereis nqp@rtpulamlantaaonﬁ@@:@dmgrﬁ@ﬁéy%ai r0£9¢pa%erafpéandpon
megsuring the p%l"ghgﬂ:dﬁ 8Wd @@%nmég)r@sérﬁﬁﬂerf%ﬁrQﬁ&?fﬂé”‘fdnsto(b@ used may

two- di mensi onal arez as a pro upon measurin
t hr ee- di rrensbeoalaltatﬂyusébcte@amrdmg(ta)thewsaga QraderuarM@UCWBQ'@r@tlce( AFQB) is

d PCT/ JP20 050 f
roa upon mEXETRy 1t REELOTY St Quots LA BReRg s Brdeet S FolPEs B0 Thopper
al I oy I 011 | védpped éta?)eSnI@oﬂfammﬂm{)ﬁér (- cmtammgdcwaj ?nabp;aerealoasuah

o] ecte area _upon_pneasuri n e ree- n (0] u e are |
zl?mdJ a cal cula @(H‘ NP igagsd GS@PWF(Q oy dogg r"ré'rg}bﬂﬂ gha(‘% t;‘ea]%? 0@?‘ qsr(é
wenil%lr ove the @é%'é@%oé%@?éﬁo?"ﬂédb& Wah Teo24 'a\ﬁ@ 162 ficd FRADAGId/e material as

as inmprove the contact area with the negative el ectrode active
material to incr eﬂﬁetlﬁ@&@aM@ﬁﬂmdﬁé lmlt&tlﬁé rea@rdiitg the thigksepp oithe alledt t o

merely cause tpfﬁ%rq& i Eecoﬁff{ehgéiﬁy;@ﬂg H&Stﬁeﬁﬁlckﬂe&en%}géet&ngbﬁgs&&fed he

[ 0018] What i & I por Fnvention 1s managerent o
10t hr ee- di mexczsbatiag ts wnd alsagaroeaden(m)dahdharam)e,rismﬂj tGenaraty dpeaiisg othel

Chr ce- i menaiotarss B riscorheL a8 knde B85 AP nERERY S e 1 MR 5B e oc

arga 1s the ieay g@tmé@léet%cm@@abhghlylsntotm mr espect, (A)/(B) (C) and
(A)/(a) = C) can be viewed as a ratio betwee ee- di mensi o aI lgure

and a [P996! di mensiReeghening freatnygatis prrfermag ﬁ%b@tb)vﬁ(a%onténﬁ "§appUf %%ess f he
adhesi venessigl jag BBpbEN %raEbinér ERSFTR! h! badifbe! s abragadsuee (O

is 1,1 or nore, ther ariation in the area weig esecondary
battery actiroegheess Ral of botl theifsonti and mrswfaﬁ:@suétth@r@oqae@;ﬁ@i ppsed

vent on, e EIERTEORER et O PLE E20m, i 1S reRch IEEGHA be
surff aces of @ld tﬂdtelde edllzefoil has lextrenmahhicew surfaaeniolighnesingtomesarisando an

uniformty i F]A area WEI%t of the active material. [0019]Wth respect to
the variati tFPYtI'FeCQFPﬂ‘%II fess of the secondary battery active material,

for instance, if the rééﬂdikﬂﬁ?&h@flo@eﬂﬁmﬂ%f th@idveradd strfias raughhieek Fes B of
18 pm differs by 0.5 pm a variation of 2, 78% w |l arise relatjve to fhe

copper foil &G’ilt@lerfé“sﬁm wrie @rder tadeiny dnawasicles aRdIMAPVE thRiaCREEVENSIS 90 pm
liedt t I $RRpd t

0; 865 1 't er'g GPOART Bt T ctivy Hatal HRSHUAL) oMo s ASERRDE 1 °

metseri al . Mezotiwbi hmtenél labeposslblenearssd vienpravé dheotapadi@pper of ghe battarg. pm
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negative el ectrode current collector of_ _
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
“(CY(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
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and rear surfaces were su t o 'rougheni ng tre
20 and rear surfaces of a rolled copper foil to achieve a uniform roughness and

uniformity in the area weight of the active material.

[0019] With respect to the variation in the thickness of the secondary battery
active material, for instance, if the thickness of a copper foil, which has a
thickness of 18 um, differs by 0.5 um, a variation of 2.78% will arise relative to

25 the copper foil thickness. When an active material having 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 um is 0.5% and an
active material having a thickness of 40 pm 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. 1t 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



as0.5%or less, and it is thereby possible to provide a superior copper
foil for a PCT,/JP2011/050812 negative el ectrode current collector of a
secondary battery. [0024] To expl ai n t hegrougheni ng treat neot/, menf/os0ses on
t he copper foil for a negative electrode current collector of a secondary
battery of the present invention by taking copper-cobalt-nickel alloy

pl ating as larnugb(mfpgearttdles ofothghengnendd safavestis idesiparlf & hed0gdlouras Tbef or m
aternary a

| oy, | ayer ia electrolytic.plati,n in tch.the platin
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3000 pg/ dr nZjespBBlyA2bhiRanRE® paksidle. NiAk@lth itise 118gbiagTNEdED/tHeds aEhalso
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In the present invention, the average diameter of the roughening particles
can be controlled based on the index of 0.1 to 0.4 pm, and the foregoing index
can be achieved.

10 [0021] Moreover, with the copper foil for a negative electrode current collector of
a secondary battery of the present invention, the maximum height of the
roughened layer is desirably 0.2 ym or less. This is also a preferred mode for
reducing the thickness variation of the roughened layer, improving the
adhesiveness 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



Current Density Dk: 20 to 50 Aldn2 Tinme: Ito 5 seconds [0026] The present
invention can forma cobalt-nickel alloy plated |ayer on the 20 roughened
surface after being subject to rougheni¢g treatnment, Wthpthimso11/050812
cobal t-nickel alloy plated layer, the plating anpunt of cobalt is 200 to
3000 pg/dnR2, and the cobalt ratiois 60 to 70 nass% In a broad sense, this
treatment cAedeéve elaaddesuoret cqllmtcnrfoframmndarfy ba’l‘My ment. [0027] The

oo e 1% R RA 08, RRRHEL PR EnT heliBirgi o I EkPe ol 1S a1 Y
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2 1oy pl at e VJEP bl G SiSRFErPERENTPL Gop| BRIRG 331N  SrmP it of
t hg zinc-ni Q&@éh@hh@)’tréﬁtﬁfe‘ﬁﬂ i %@forh%d@@ 49 1698rR Y% qg?nar?”ﬂlo{y c\hgl
ratio is 16 to 40 mass% This yer has the function as ea
rust proof | &egtrolytic platlng, in wh|ch the plating amount of copper is 15 to 40 mg/dm
plating amount of cobalt is 100 to 3000 ug/dm?, and plating amount of nickel is
100 to 500 ug/dm?.  This ternary alloy layer also has thermal resistance.
[0025] The general bath and plating conditions for forming the foregoing ternary
10 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
15 pH: 1to 4
Temperature: 30 to 50°C
Current Density Dy: 20 to 50 A/dm?
Time: 1 to 5 seconds
[0026] The present invention can form a cobalt-nickel alloy plated layer on the
20 roughened surface after being subject to roughening treatment. With this
cobalt-nickel alloy plated layer, the plating amount of cobalt is 200 to 3000
Hg/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.
[0027] The cobalt-nickel alloy plating conditions are as follows.
25 (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
30 Current Density Dg: 1.0 to 20.0 A/dm?
Time: 0.5 to 4 seconds
[0028] 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
35 layer has the function as a heatproof and rustproof layer.



10PCT/ JP2011/ 050812 [ 0029] The zinc-nickel alloy plating conditions are as
follows. (Zinc-nickel alloy plating) Zn: 0 to 30 giliter Ni: O to 25
g/liter 5pH: 3 to 4 Tenperature: 40 to40C Current DensitycBfp20d1/m5d8925
Aldnm2 Tinme: 1 to 3 seconds [0030] Thereafter, as needed, subsequent
rustproof treatnment may al so be 10 perforned. Preferable rustproof
treat neodo] i s indéﬁ&nz‘aatnmmallow;gphtiagbmuom acha®fdllomsoxi de, or mixture
coating trea of arcger omi ur&oxi de and zincl zi nc oxi de. The foregoing
m xt ur e coat(z*l'ﬂgc -RickelAeN P!IFIN% hr oni um oxi de and zinc/zinc oxide is the
treatment of using,.@ @) & bMgerbath containing zinc salt or zinc oxide and
chromate and form n8 via“el ectropl ating, a rustproof layer of a

zi nc-chrom um basl‘éld P 20ug/teonpri si ng zinc or zinc oxide and chroni um
oxide. [0031] hf hatl ng bath, representatively used may be a m xed

aqu)eous sol ution 'cont ai ni ng; at Ieast one type anong bichromate such as
K2Cr 207 and NaZOMﬁrper@tLﬁé 46ta 50tthers; at | east one type of soluble zinc

salt such as ZnO 7H20; a}i hydroxide. A representative
pl ati ng bath conp grr@n e%ﬁﬂﬁéﬂ chpoof’?\{cﬁﬁ conditions are as follows. The
consequent | y obt afiprd 1aem@sscdreisl yi el ds superior thermal peeling strength,

oxi dati on resistance and hydrochloric acid resistance. [0032] (Chrom um
rust prlé&¥0l t r eat mehigreatter, gs needed, subsequent rustprooF treaLment ]rnay also be

10 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

15 zinc-chromium-based mixture comprising zinc or zinc oxide and chromium oxide.

[0031] As the plating bath, representatively used may be a mixed aqueous
solution containing: at least one type among bichromate such as K;Cr,O; and
Na,Cr,0O-, CrOs, and others; at least one type of soluble zinc salt such as ZnO
and ZnSO047H,O; and alkali hydroxide. A representative plating bath

20 composition and electrolytic conditions are as follows. The consequently
obtained copper foil yields superior thermal peeling strength, oxidation
resistance and hydrochloric acid resistance.

[0032] (Chromium rustproof treatment)

K2Cr,07 (NaxCr,07 or CrO3): 2 to 10 glliter

25 NaOH or KOH: 10 to 50 g/liter

ZnO or ZnS0O4°7H,0: 0.05 to 10 g/liter

pH: 310 13

Bath Temperature: 20 to 80°C

Current Density Dy: 0.05 to 5 A/dm?

30 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.

35  [0033] Finally, aiming to improve the adhesiveness between the copper foil and



K2Cr 207 (Na2Cr207 or Cr03): 2 to 10 OGler NaOH or KOH 10 to 50 g/liter ZnO
or ZnSO4. 7H20: 0.05 to 10 pi/liter pH 3 to 13 Bath Tenperature: 20 to 80C

Current Density Dk. 0.05 to 5 A/dn2 Timg: 5 to 30 secondspAnasi®i1/FosTs
pl ate, stainless steel plate, etc. Chrom um oxi de i s demanded to be

plated in a chrom umcontent of 15 pg/dn2 or nore, and zi nc is denmanded to
be pl at ed i tharresinmsuitstrate, 3lapg/teement wbapplyBi G3AhEi cvabliyg ageni og dto

i ' th foil .and . PCl MP2011/,050812 t he
ool 1 subst rere e ERIRNEBEINERR A e TRRRIey 1) rif BRdoRBRO PR ABSAgaNt A a
| east the rdbgleiaee couplisagent thibe russtinh apé foRYBINg SilaPRY frotiRHt aSefiggded.

As the Mane couplin ent to be used in the foregoing silane treatnent,
ol efinic si @ﬁ%& %‘bfg%@g#;&eﬂ'am arwlic siang.iamigprhased sianaomsseanio-basade,

TocsiTe Therhet el tetan e e, 51 CELSY SIS o

[0034] 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

10 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.

15 [Examples]

[0035] 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

20 invention.

[0036] 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 ug/dm?, and nickel of 500 pg/dm? were
plated. The roughened copper foil was thereafter water washed, and a cobalt-

25 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/dm2.
After additionally forming a zinc-nickel alloy plated layer, a silane coupling agent
was applied and dried.

[0037] The used bath composition and plating conditions were as follows.

30 [Bath composition and plating conditions]
(1) Roughening treatment (Cu-Co-Ni alloy plating)
Cu: 15 glliter
Co: 8.5 glliter
Ni: 8.6 glliter
35 pH: 2.5



sprayed, applied with a coater, applied via dipping, or applied via flow
coating. For exanple, Japanese Patent Publication No. 860-15654 describes
that the adhesion of the copper foil ang the resin substrpteir®1i/05080¥ed by
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[0039]

[0040]

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 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 1.004.

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 pm, 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



(1) Roughening treatnment (Cu-Co-N alloy plating) Cu: 15 giliter Co: 8,5
g/liter Ni: 8.6 giliter pH 2.5 12PCT/J2011/050812 Tenperature: 38C
Current Density DR 20 Ndn2 Tinme: 2 seagnds Copper plati necrimeont/os0872

nmg/ dnm2 Cobalt plating amount: 2000 pg/dnR2 Nickel plating amount: 500 pol dnR
[ 0038] Under the foregoing conditions, formed was a copper foil for a
negative roughened layer was 0.2 uym, and was within the preferred range of 0.2 uym or

less.
[0041] Moreover, this copper foil for a negative electrode current collector of

secondary battery was used to examine the adhesiveness of the active material.

Lo |

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.
10 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
15 respect to the evaluation of the active material adhesiveness, the adhesiveness
was favorable.

[0042] 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

20 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

25 as O in Example 1. The foregoing results are shown in Table 1.

[0043) [Table 1]
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PCT/ JP2011/ 050812 [ 0044] (Exanple 2) In Exanple 2, the average
surface roughness Ra of both the front and rear surfaces based on | aser
m croscope nmeasurenment was 0.07 pm Wgg a three-dinmensi W,Jpszgq{,ggb@@r ea
upon neasuring the roughened surfaces with a [aser microscope is (A),
t wo- di nensi onal area as a projected area upon neasuring the

t hr ee-[arl]'4npn9{Emambles21)rface area is (B), and a cal cul ated value of (A)/(

d C th d I f on neas
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[0045]

[0046]

[0047]

(A)/(B’) is expressed in (C"); ( ) (C ) was 1.05.

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 (0). Furthermore, the maximum height of the roughened layer was 0.2 pm,
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 Q. 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 pm, and the variation in area weight was <
0.5 (0). Furthermore, the maximum height of the roughened layer was 0.2 pm,

ve
t he



(0046] (Exanple 3) In Exanpl e 3, the average surface roughness Ra of
both the front and rear surfaces based on | aser m croscope neasurenent was
0.15 pm Wen a 25 three-dinensional ggrface area upon nmeasuriongosdse?
roughened surfaces with a |l aser mcroscope is (A, a two-dinensional area
as a projected area upon neasuring the three-dinensional surface area is
(B), and a caldombstvittiniakbyeefefredAph¢8)of 0L prxpordessed N’Iore@@):r this ¢oppeniod

t hr ee- di nensi onal surfac r auonrre uring the surf

non- r oughenéd Ao['F& "@oﬁ%@ﬁoa oj'f%f:{%/ %o??cmdtaw ggye&va% E7% tgpe is
(A), a two- dxapise Qn@laowe@ﬂfeaés@ owrtﬁeeerdned rA&RAal a1 mauhesigeméss was

t hr ee-di nensi onal surface area B"), and a cal cul ated val ue ofaérAg/(B )

:js expr essedayqraple!) ; F(’@¢V(T@)re\/\d5'31 coBPe ok 7PNt diREAtIVE { BlECHIES o

i ameter of h f f aces
et e &oﬂ@ct%?t@ %Eo’hgaagrb:agtélhﬁﬁlefl%nug% fo \A%\{agl;l#]ate the b@\'f&_ﬁ@le’i@lﬁ (Tﬁ;thé
Furt her nor e rougleaemnglpaﬂmldselagﬂtthefpow@r ﬁaihyae@ealuaéqpbas Was Ohe resylts are
16PCT/ P2011/ 12 and s WI thin the preferred range of 0.2 pmor |ess.

Mor eover , ?)Vﬁ%tm for a negative el ectrode current collector of
SeCOHOI@cMB] bat t eryr h@Ssqu’aﬁd hoidexappae ;ilémwgacumntmsemref udrk tactpremare
material, and the adhesi veness, was é abI Furt rm)re hi s copper foil
for a negat iWRMBRENE JXArBRIEP ch@NEcd | 'F'Csaé’ HBB’P?/'JB IParPIREE "G ed

tq]OevaI uatevf, swsfall of the roughenl ng particles, and the powder
fall was evaluated as 0. The results are also shown in Table 1. [ 0048] The
sul furic aci@oragsgevgherdang gakoeenti ti ons were used to prepare

Cu:10to 25 g/L
H.SO,4: 20 to 100 g/L
Temperature: 20 to 40°C
15 Dk: 30 to 70 A/dm?
Time: 1 to 5 seconds
[0049] 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
20 average surface roughness Ra of both the front and rear surfaces based on
laser microscope measurement deviated from 0.04 to 0.20 um; 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
25 (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
30 range of 1.0 < (C)/(C") < 1.1.
[0050] (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

35 surfaces with a laser microscope is (A), a two-dimensional area as a projected



Conpar ative Exanples 1 and 2. The sulfuric acid copper plating conditions
|CQwere as foll ows. Copper roughening treatnent Cu: 10 to 25 g/L H2504: 20
to 100 g/L Tenperature: 20 to 40C Dk: 3¢ to 70 Al dn2 Ti meectiyr201HosmeDNds
[0049] I n addition, by using the same plating conditions as the foregoing
Exanpl es, as shown in follow ng Conparative Exanple 3, formed was a copper
foil for a negatupeneheasudds ther tere-divicnsional mﬁa@ecar&mwy KBt eng, a

Sur 1 aces baSAPUREHAGHIE o (UBD oSS bl 8501 U e e

pm and whery gfakBrf€a le@ﬂﬂﬁé@émlngsﬂhéfm%cés & aufisrometed mgllémeopmgjnened
surfaces with a laser mcroscope is (A, a (wo-di nensional

proj ected arG®RPepEHoYERI Witng lasrs WW@@QHen@n@f)oﬁarw%gW%ﬁ%o'ﬁe@{e?sas( B),
ari;d a cal c rgﬁegfédfalea ad%% n b4 fh% tﬁi@g]aﬁm.ddm QQfaC@BHeaWBG{B aarﬁdﬂéee

di fensi onal ace are OR Reasur I n e surfaces of a non- roug ened
rolled coppecralmﬂatedpqaﬁre af GM)W(Bf)dslexweSmed in 4661 (Gi(Eroxavpes. s Hotl resplts

t wo- di man5|o a a asuring the

t hr ee- di men grﬁ’m ﬁ@esc%rpg &%ég%%e%?ngﬂgo@gl cul ated value of (MAE') is
expr 69[5@31} in (C' )Thé hSENMRtphotafraphr (e0e08y esf fieet mugheningt partictesmin hide
30range of 1.0 < (Q/(C

0050] ( Copparative Example 1 I
Corrpar ative f E@%%Cﬁset'géh% ﬁbk'gs&faé% SFBW&h'HeE'@ %ngrﬁ?o?hdt%e\ﬁepon?
rear Sugﬁ hﬁé@df&méoasqmof@&/éeswgvméuambr WASthe. Aligheninghen a
thr ee-di men ona surface area upon neasuri ngét he roughened surfaces with a

| aser ni cr oseapieles @f(th@,roaglﬂwe-djswéa@%was Gpda b8 HNpRRY deg ¢griation o in

area weight was 1.2.
Moreover, the maximum height of the roughened layer was 3 pym, and did
not fall within the preferred range of 0.2 um or less. In addition, this copper foil
15 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

20 in Table 1.
[0052] (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
25 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
30 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.
[0053] The roughening particles were coarse, and uneven particles were formed.
35 Moreover, the average diameter of the roughening particles of the roughened



17PCT/ JP2011/ 050812 area upon neasuring the three-di mensional surface area
is (B), and a calculated value of (A)/(B) is expressed in (C), and when a

t hr ee- di nensi onal surface area upon neaguring the surfacesfP2811/050812
non-roughened roll ed copper or copper alloy foil with a |aser mcroscope is
(A), a two-dinensional area as a projected area upon neasuring the

t hr ee- di mensiueasts s:EfRS & asaam| and Bie varationa inadrealvatigit was Og'. of (A )/ (B1)

. o : .
S onn P eos e L kot i o ehel BB LB RSP SRR e
rougheni ng I%ﬁ’&hb?fg‘ﬂﬁ/vitr{h tﬁeegfe@é@@&ymec@ﬁ@zimn%hm.i m Biiditiod, thAscagpann in

Fig. 3, coarse and uneven 1 particles were formed. Myreogver, the average

di aneter of folhéorranghetivenglestipte clusensrolietor alisRrMEANs hARaYYa545€0.18 (o

3, 2 ARSI et A 1 g, pp e e

maxXi mum hei roug [fayer was not fall within the
preferred ranfgeonf Furthepmoce, thisssopplen faitittirtd oegativiei eleciopdrecufreny callsctaror a

negative electrode current collectar of seco r teny ;

exani ne the é&?@?ﬂ%?feé@#‘?{y Ve uégﬁi@ee@lf%t?ﬂﬁ?,g%&%ért %lel ggﬁgsﬁégﬂgé@gms
inferior FUurddgsla®rahd thei sovidtiian wiagi dval@ited aseQat iThe rebelts aedasc shoent

col l ector of secondary battery was used to evaluate the powder fail of the

;?uggleni nghﬂﬁfrﬁ_b@ ®s, and the Eg}/\d(er fall was evaluated as X. The results
Conpar ati ve Exanple 2 I
Foar f o ERngraR Exdrmele) ' oo Rt h

Corpar . rage surface roughness Ra of both the front
and rear surfacesdnbGemgamiiveasampiecd otheopecrapasiwiassioughress B2 pinbotind

deviated fr t.he.scap f i i mée

thr co- di mena g St Bt oubaceE BERE T pa A PhocR PRSI 02T 11

Imc'gtzglrJ r imngr ?ﬁgﬁ?ﬁnd siegq'%a)ted a(ohvaeibcwESf obtted parseat aweatipn.oj Moteayearwaeugon
ree-di mensi gnal surface ar ' B

of (A)/(B) itBresgieansingl sufiese aler URHBﬁ”%gﬁal%ﬁ‘@égﬁ?r%ﬁ@%%a?%%%s:‘@qS‘\r/glaue

Up@” nmeasur '|§9ert hecpdebpeas @), a feadihenddeslegdreaobbeal mojepted area ajpper

alloy foil 30 with a laser mcroscope is (A), a two-di nensi qal area as a

proj ected arpeasying Wt@a&lﬂ@@ﬁ@“@'ﬂf&%ﬁr%ﬁnﬁfﬁ@i%ﬁé}' %?&@EU% g Vlaé"e(g'a) ,

and a cal cul t&%%\{{‘ﬁgﬁre% §W /(€8 ah§ I 8SPRsk-Himdrsidrial (Salfacé drewaspoh. 15,

and devi ate ] scmeoe of' the present 1nvention. [0053] The rougheni ng
particles weneaswing éhe andacereota pentoughencdeioted Goppar olMmsoeBoeAloY !

average di anv?nttr?% Igéertrpl%rcgs%% gelg i(&?, f&?é-h%&%iﬁal%% 59%%]‘6]%%%d area upon
20 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.
[0055] Uniform roughening particles were formed. Moreover, the average
diameter of the roughening particles of the roughened surfaces was 0.1 to 0.4
25 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
30 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.
[0056] (Comparative Example 4)
35 Shown is an example where roughening treatment was not performed to



18PCl MP2011/ 050812 surfaces was 0.5 to 1.5 pm and the variation a in area
wei ght was 0. 7. Mor eover, the maxi num hei ght of the roughened | ayer
was 1.4 pm and did not fall within thggpreferred range oic®;p20PN0HRE13 €SS.
In addition, this copper foil for a negative electrode current collector of
seconder/ battery was used to exam ne the adhesiveness of the active

materi al , arie rcbikadacdip@er Yahesgentsl).i nTles rawghness tRaaewa@IOG% pimi, and ¢opec’) f oi |

for a negatl ve }t]roaﬁ current. gﬁl | ect or of second g'gter}/ sgg@ sed to
eval uat e thé{v%so ?3 egyensss ip 'ar?@ﬁﬁr’(&asp'g?'{‘?%?% eafi‘% WeThoier! f al |
was eval uat %(iihdaﬁaélnféh"hﬁ rﬂ%ﬁhtb% @reloda tRAOWMi5 'ﬁolmc%pbf foht iQLRBa 4%k is,
(Conpar ati ve Exanpl e In Conparative Exa t he average
surface roudhfdss ngafa}p 3sod inatrdal fop PPy ’@@ra@lﬁﬂ'ms 194 4l seePNABs

m groscope FeasH SARBIMYRSigP- 27 pm and deviated fromthe scope of the

present invention. Moreover, when a three-dinensional surface area upon
measuring the roughened surfaces with a .1.5 | aser mcroscope is (A, a

t wo- di nensi onal area as a prgQj r uring the
t hr ee- di nensi onal surface ar@ﬁéﬁa‘?\@jﬁgﬁg@%y @ﬁl ated value of (A/(B) is
expressed in (C), and when a three-dinensional surface area upon neasuring

the surfaces of %1 non- rofug ned roil ed coner or copper alloy foil with a
| aser [4%PEr oscope "} SORR", 1O L gpadtivg siegirode calrgnt £olledpeof @ sar@aipon
29y measuri pattbReot tHee BreticeNSiefsh is Lglf)p@ﬁ@r il %ﬁhé§|vé|$es)s’ O\aﬂ‘% 2e&a at ed
value of (A )/(B.1) is expressed in C) wa .09, and was W thin
the scope obaithe agtednateri Iﬁl/é\aslaowpqr@m%?cjr@ffr@dwngdmaanatgbrplarthearea wer e

par el s of ok o/l ERERAET batery aptie gt BT R Rl SHBEIROREAMR  on

a in area wedsittanemand . tibermal resustandbeeovber,efcbrbethmpmelsum ingegtidn Bfeffdetve

roughened | r ot, fall within the erred range of
0.2 pm or gg% cqvﬁ% 5%%&9F8ﬁ1egtaﬁ¥ ge&ﬁ'ﬂg? CPH?PW‘FQJE’C&WE&QE \fga%lbég?%de

cusr ent coI | ector of secondary battery was used to exam ne the adhesiveness
of the active material, and the adhesiveness was inferior. 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 X. The results are also shown in Table
1. [0056] (Conparative Exanple 4) Shown is an exanpl e where rougheni ng
treatnent was not perfornmed to 19PCT/JP2011/050812



the rolled copper foil (untreated). The roughness Ra was 0.05 pm and
(O/(C) was 1. The adhesiveness in this case was i measurable as shown in
Table 1, and was inferior. It can be upgderstood that, if ddigo6¢ibsd1£opper
foil is used as is, it is not suitable as a material for inproving the
adhesi veness of the secondary batter)/ active material. | NDUSTRI AL

APPLI CABI LI TY [ 0057] A copper foil fogLAlMEgative el ectrode current

col l ector of a secondary 1lObattery of the present invention is superior in
adhesi veness of the secondary battery active material, has a superior

ef fect Ogcrﬁﬂuﬂ' ng t hecysHdrabil Rt 4 ReddtfcdsiBard® atire cdliBetos @F @B8adary
battery active material, ‘and al so haS superior weather resistance and

t hermal resi st abederyTwhee®idre, the present invention is effective as a

copper foil for a ne i . :

attery. 15  20pC JPAu ey BEANE REEMed B § ARl Bha FERPSiRices of
negati ve el ectr edelledcoppér @iwylfed;tamd of secondary battery, wherein:
rougheni ng treatnent |

s perfornmed to.both front_ and rear surf. s .of
rol l'ed copper all oy mqrfaatﬁ?ﬁequ'me”s&m Séf'r{aﬁ?e%reai PSS ur@@ﬁo&@ethgr ea
upon neasuring BRIk dhderebr @Hases withad 3¢ fraieRScopé his @A), as Bro-tiemsiongle i s
(A), a two-dinensional area as a projected area uponéérﬁegsuri ng the

'E hr /ee- di mensi ond@rea @sf aduoiestechpEa HRON Bycasiigathgaln peRnsianal sugece
(B) | ' | neas syt
Ab/ (B) is expr %’%@5% {Ss)béﬁa a AHILIYREVafud Bt@ﬁ{(g?jfég%gir@%d RYCH & whea upon

measuring the surface a non-roughened pper or copper all oy
foil with a | aserthmreedisengenalssyrfsce, areat ypprdmeassiohahe svdaces ohapid]-ect ed

area upon neasuring the, t - di i | . i ;

ol oul ot ed vai UGB fRS FoPblERSt ARy 4P e TRt e fskoop B A

area factor is W thodiraensiogs afealad a<p(dj@¢tef gres Updh measuring the three-
dimensional surface area is (B'), and a calculated value of (A)/(B’) is

15 expressed in (C'), the ratio of surface area factor is within a range of 1.0 <
(CY(C)<1.1.
[Claim 2] The copper foil for a negative electrode current collector of a

secondary battery according to claim 1, wherein an average diameter of
roughening particles of the roughened surfaces is 0.1 to 0.4 um.

20 [Claim 3] The copper foil for a negative electrode current collector of a
secondary battery according to claim 1 or claim 2, wherein the maximum
height of a roughened layer is 0.2 uym or less.

[Claim 4] The copper foil for a negative electrode current collector of a
secondary battery according to any one of claims 1 to 3, wherein the

25 roughening particles are formed on both front and rear surfaces of a rolled
copper or copper alloy foil by plating with one element among copper,
cobalt and nickel, or by alloy plating with two or more elements selected
therefrom.

[Claim 5] The copper foil for a negative electrode current collector of a

30 secondary battery according to any one of claims 1 to 4, comprising 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 or copper alloy foil.

35 [Claim 6] The copper foil for a negative electrode current collector of a



[Cl aim2] The copper foil for a negative electrode current collector of a
secondary batteiy according to claim1l, wherein an average di aneter of
rougheni ng particles of the roughened syrfaces is 0.1 to gs¢may/a8siL ai m
3] The copper foil for a negative electrode current collector of a
secondary battery according to claim1 or claim2, wherein the maxi num

hei ght of a lrougbeomladyaoareryscle?rainyrtwa?yeme.of[érhiaisrrmtdﬂmemlwpmea a(‘jrea'al for
a negative electrode current collector a_secgondar ttery according to
any one of clai fel4 tt\‘)ar@,t'oﬂh%r'%i%cf’wrr%ﬂd’ﬂgﬁ\ ﬁ@e‘gMPﬁﬁ&"%\'@ FHPRER on
both front and rc%ﬁf;eﬁlané@qsw er dotRIthedrGaPRRT r&4r SOPRRSs We'r@)éub{écl toy
plating with one el ement’ anong copper, cobalt and nickel, or by alloy
plating with twioeghemningtrepnets Ofepides®ed therefrom [C ai m 5] The copper
foi.l for a negative electrode current collector of a $0 secondary battery
according to any one of clains 1 to 4, conprising a rust-proofed |ayer or a
heat -resi stant | ayer selected froma cobalt-nickel alloy plated |ayer, a
zinc-nickel alloy plated |ayer and a chromate |ayer, and/or a silane
coupling layer on both the front and rear surfaces, which were subject to
roughening treatnent, of the rolled copper or copper alloy foil. [Claim
61The copper .foil for a negative electrode current collector of a
21PCMP2011/ 050612 secondary battery according to any one of clains 1 to 5,
wherein a area weight variation o in a copper foil width direction of the
roil ed copper or copper alloy foil after both the front and rear surfaces
were subject to roughening treatnment is 0.5 or |ess.



