
1PCT/JP2011/050812 DESCRIPTION COPPER FOIL FOR NEGATIVE ELECTRODE CURRENT
COLLECTOR OF SECONDARY BATTERY TECHNICAL FIELD [00011The present invention
relates to a copper foil for a negative electrode current collector of
secondary battery, and in particular provides a copper foil for 10  a
negative electrode current collector of a secondary battery in 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. BACKGROUND ART [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 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 matedals. 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 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, 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 particles on a copper foil
surface so as to form irregularities thereon (for instance,  PCT/J
P2011/050812 refer to Patent Document 1 and Patent Document 2).
[0003)Nevertheless, the roughening particles obtained by using a sulfuric
acid copper plating bath have a problem in that the particles are uneven
and the roughness degree is high due to the aggregation of enlarged
roughening particles. In other words, when the roughness degree of the
roughening particles is high, the anchor effect contrarily becomes weak or
the copper powder falls from the portion where the roughening particles
have aggregated. Accordingly, there is a problem in that sufficient
adhesiveness between the copper foil for the negative electrode current
collector and the active material I0cannot be obtained. [0004]Moreover, in
the case of a lithium secondary battery, a carbon material is generally
used as the negative electrode active material. In order to obtain an even
higher charging/discharging capacity, the use of an active material
obtained by sputtering silicon or the like to form a thin film is being
considered. Nevertheless, when silicon or the like is used as the negative
electrode active material, there is a problem in that the
expansion/contraction of the volume caused by the absorption/discharge of
lithium ions during the charge/discharge cycle will increase and cause the
active material to peel or fall, and the battery properties will thereby
deteriorate. Thus, improving the adhesiveness between the copper foil as a
collector and the active material, and preventing copper powder particles
from falling, which is affected by the aggregation of roughening particles
on the copper foil surface, are critical issues, [0005]In addition, the
level of the roughness degree and the variation in the roughness degree of
the roughening particles after the copper foil was subject to roughening
treatment considerably affect the amount of the active material formation.
In addition, the foregoing amount of the active material formation affects
the capacitance of the battery. Accordingly, in order to uniformly form an
active material on both the front and rear surfaces of the copper foil,
both the front and rear surfaces of the copper foil after being subject to
roughening 3frtreatment desirably have the same level of surface roughness.
[0006]Meanwhile, a copper foil is broadly classified as an electrolytic
copper foil or a rolled copper foil depending on the production method
thereof. A general electrolytic copper foil has a rough surface side and a
glossy surface side as its front and rear surfaces. The rough surface side
has knobby irregularities formed from the growth of columnar crystal grains
which are unique to an  3PCMP20111050812 electrolytic copper foil, and the
glossy surface side has a shape formed from the transfer of wheel marks of
an electrolytic drum. Thus, the foregoing electrolytic copper foil has
different surface shapes on its front and rear surfaces, and the difference
in roughness of the front and rear surfaces is large. When roughening
treatment is performed to the front and rear surfaces of an electrolytic
copper foil, the uneven roughness of the copper foil surfaces is reflected,
and causes the difference in roughness of the front and rear surfaces to
increase and the variation in the roughness degree to increase, and it is
thereby difficult to realize a uniform amount of formation of the negative
10electrode active material described above. [0007]Meanwhile, since a
rolled copper foil is produced by hot rolling an ingot, 



repeating cold rolling 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 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 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 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  PC17,1P2011/050812 electrode current collector of a secondary
battery in 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. [Solution to Problem] [eon]The present
invention provides:  1) A copper foil for a negative electrode current
collector of secondary battery, wherein: roughening treatment is performed
to both front and rear surfaces of a rolled copper or copper alloy foil; an
average surface roughness Ra of both the front and rear surfaces based on
laser microscope measurement 10 is 0.04 to 0.20 pm; 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 (E),
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
20battery according to 1) above, wherein an average diameter of roughening
particles of the roughened surfaces is 0.1 to 0.4 pm.  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
pm or less. 254)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. 305)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 the roiled copper or copper alloy
foil.  5PCTIJP2011/050812 6)The copper foil for a negative electrode
current collector of a secondary battery according to any one of 1) to 5)
above, wherein a area weight variation in a copper foil width direction of
the roiled copper or copper alloy foil after both the front and rear
surfaces were subject to roughening treatment is 0.5 or less. EFFECTS OF
INVENTION [0012]The present invention yields a superior effect of being
able to provide a copper foil for a negative electrode current collector of
a secondary battery in 10  which the adhesiveness of the secondary battery
active rnaterial is superior, and which can reduce the variation in the
area weight of the secondary battery active material, 



BRIEF DESCRIPTION OF INVENTION [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 2Clbattery
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 25of 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 roiled 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 35capacitance by causing the copper foil thickness to
be thinner, but the strength  PCT/jP20 11/050812 will deteriorate when the
copper foil thickness is thin, and it entails the possibility of a rupture.
Thus, it is desirable to use a rolled copper foil and a copper alloy foil
which have higher strength than an electrolytic copper foil. (00151There is
no particular limitation regarding the type of rolled copper foil and
copper alloy foil to be used in the present invention; and the foil to be
used may be suitably selected according to the usage or demanded
characteristics. For example, in addition to high-purity copper
(oxygen-free copper, tough pitch copper, etc.); Sn-containing copper,
Ag-containing copper, or copper alloy such as Cu-Ni-Si-based copper alloy
doped with Ni, Si and the like, or Cu-Cr-Znbased copper alloy doped with
Cr, Zn and the like may be used.        There is also no particular
limitation regarding the thickness of the rolled copper foil and copper
alloy foil, and the thickness may be suitably selected according to the
usage or demanded characteristics, Generally speaking, the thickness of the
copper foil which is used for a collector of the lithium secondary battery
negative electrodes is roughly 5 to 20 pm. [0016]Roughening treatment is
performed to both the front and rear surfaces of the rolled copper or
copper alloy foil, In addition, the average surface roughness Ra of both
the front and rear surfaces of the copper foil based on laser microscope
measurement is 0.04 to 0.20 pm. In this respect, it could be said that the
rolled foil has extremely low surface roughness in comparison to an
electrolytic copper foil.        The reason why the lower limit of the
average surface roughness Re is set to 0,04 pm 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 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)/(G) < 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-dimensional surface area is (B), and a calculated
value of (A)/(B) is expressed in  PCTIJP2011/050812  (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 (13), and a calculated value of (A')/(3')
is expressed in (C"). In order to improve the adhesiveness with the
negative electrode active material as well as improve the contact area with
the negative electrode active material to increase the capacitance of the
battery, it is insufficient to merely cause the average surface roughness
Ra to be 0.04 to 0.20 pm. [0018]What is important in the present invention
is the management of the three-dimensional surface areas (A) and (A), and
the two-dimensional areas (B) and (a) as the projected areas upon measuring
the foregoing three-dimensional surface areas. This two-dimensional area as
the projected area is the area when viewed planarly. In this respect,
(A)/(B) = (C) and (A)I(U) = (CI) can be viewed as a ratio between a
three-dimensional figure and a two-dimensional 15  figure. When this ratio
(C)/(CI) is 1.0 or iess, the adhesiveness of the battery active material
will deteriorate; and when (C) is 1.1 or more, there will be variation in
the area weight of the secondary battery active material, and this will
cause the battery properties (charge/discharge properties) to deteriorate,
In the present invention, refinement processing is performed to the front
20and 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 pm, differs by 0.5 pm, a variation of 2.78% will arise relative to 25
the copper foil thickness. When an active material having a thickness of 40
pm 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 pm
is 0.5% and an active material having a thickness of 40 pm is similarly
applied thereon, the 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 a secondary battery of the present
invention, the average diameter of the  BPCT/jP20111050812 roughening
particles of the roughened surfaces is desirably 0.1 to 0.4 prn. The
roughening particles are desirably fine particles, and the fine particles
are desirably as uniform as possible. As with the foregoing modes, these
are also preferred modes for improving the adhesiveness of the battery
active material 5and improving the capacitance of the battery by applying
as much active material as possible.        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 pm 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 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 pm or less, and
the foregoing index can be achieved. [0022]With the copper foil for a
negative electrode current collector of a 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 30resistance 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 350.5% or less, and it
is thereby possible to provide a superior copper foil for a  9PCT/JP2011
/050812 negative electrode current collector of a secondary battery.
[0024]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/dm2, plating amount of cobalt is 100 to 3000 pg/dm2,
and plating amount of nickel is 100 to 500 pg/drn2. This ternary alloy
layer also has thermal resistance. [0025]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 giliter Co: 1 to 10 g/liter Ni; 1 to 10 g/liter
[ 5pH: 1 to 4 Temperature: 30 to 50C Current Density Dk: 20 to 50 A/dm2
Time: I 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 pg/dm2, arid 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. (Cobalt-nickel alloy plating) Co: 1 to 20 g/liter Ni: Ito 20
g/liter pH: 1.5 to 3.5 Temperature: 30 to 80C Current Density Dk: 1.0 to
20.0 Aldm2 Time: 0.5 to 4 seconds i0028]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/dm2, and the nickel ratio is 16 to 40 mass%.
This 35layer has the function as a heatproof and rustproof layer  10PCT/J
P20111050812 [0029]The zinc-nickel alloy plating conditions re as follows.
(Zinc-nicke( alloy plating) Zn: 0 to 30 giliter Ni: 0 to 25 giliter pH: 3
to 4 Temperature: 40 to 50C 



Current Density Dk: 0.5 to 5 Ndm2 Time: 1 to 3 seconds [0030]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. 100311 As the plating bath, representatively used may be a mixed
aqueous solution containing: at least one type among bichrornate such as
K2Cr207 and Na2Cr207, Cr03, and others; at least one type of soluble zinc
salt such as ZnO and 7n504.7H20; 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. [0032] (Chromium
rustproof treatment) K2Cr207 (Na2Cr207 or Cr03): 2 to 10 giliter NaOH or
KOH: 10 to 50 giliter ZnO or ZnSO4-7H20: 0.05 to 10 giliter pH: 3 to 13
Bath Temperature: 20 to 80C Current Density Dk: 0.05 to 5 Ndm2 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 pg/dm2 or more,
and zinc is demanded to be plated in an amount of 30 ug/drn2 or more.
i00331Finally, aiming to improve the adhesiveness between the copper foil
and  11PCT/R20111050812 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 slime coupling agent to be used in the
foregoing &lane treatment, olefinic silane, epoxy-based silane, acrylic
silane, amino-based silane, mercapto-based silane or the like may be
suitably selected and used. [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. [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 



3Pinvention. [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 rrigicim2, cobalt of 2000 pg/dm2,
and nickel of 500 pg/drn2 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 ug/drn2, 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. [Bath composition and plating conditions] (1) Roughening treatment
(Cu-Co-Ni alloy plating) Cu: 16 giliter Co: 8.5 g/liter Ni: 8.6 g/liter pH:
2.5  12PCDJP2011/050812 Temperature: 38C Current Density Dk: 20 A/dm2 Time:
2 seconds Copper plating amount: 17 rngkirn2 5Cobalt plating amount: 2000
pg/dm2 Nickel plating amount: 500 pg/dm2 [0038]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
ll(C)/(0')" is within a range of 1,0 < (C)1(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 toil with a laser microscope is
(A'), a two-dimensional area as a projected area upon measuring the
three-dimensional surface area is (E), and a calculated value of (A)/(B) is
expressed in (C). [0039] (Example 1) In Example 1, the average surface
roughness Ra of both the front and 20 rear surfaces based on laser
microscope measurement was 0,07 pm. 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 2.0
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 (a), and a
calculated value of (A')/(B') is expressed in (C'); (C)/(C') was 1.004.
[0040]The SEM photograph (x20000) of the roughening particles in the 30
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 (a).       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  13PCRIP20111050812 



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 electrode current
collector of secondary battery was used to examine the adhesiveness of the
active material. Foremost, 11 wt% of polyvinyiklene fluoride and 97 wt% of
N methyi-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. IL 0  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 thregoina sample and then measuring the peeling strength upon
peeling the adhesive tape in a 90-degree direction. With 7. 5respect to the
evaluation of the active material adhesiveness, the adhesiveness was
favorable. 100421Moreover, this copper foil for a negative electrode
current collector of secondary battery was used to evaluate the failing
(powder fall) of the roughening particles. The powder fail 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 0. The powder fall was evaluated as 0 in Example 1. The
foregoing results are shown in Table 1. [0043][Table 11
14PCT/JP20111050812          
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15PCTL1P2011/050812 10944] (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 pm. 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
-10measuring the three-dimensional surface area is (a), and a calculated
value of (A)/(U) is expressed in (CI (C)/(C') was 1.05. [0045]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 (a), Furthermore,
the maximum height of the roughened layer was 0.2 pm, and was within the
preferred range of 0.2 pm 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 0. The results
are also shown in Table 1. [0046] (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 pm. 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 (13'), and a calculated
value of (A')/(61) is expressed in (C'); (C)/(C) was 1.03. [0047]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
< :350.5 (a). Furthermore, the maximum height of the roughened layer was
0.2 pm,  16PCT/jP 011/050812 and was within the preferred range of 0.2 pm
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 0. The results are also shown in Table 1.
[0048]The sulfuric add copper plating conditions were used to prepare
Comparative Examples 1 and 2. The sulfuric acid copper plating conditions
10were as follows. Copper roughening treatment Cu: 10 to 25 git. H2SO4: 20
to 100 g/L Temperature: 20 to 40C Dk: 30 to 70 A/dm2 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 batten/
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
pm; 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 MI and a calculated value of (A)i(E) is
expressed in (C'), the ratio of surface area factor deviated from the 



30range 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 pm. When a
three-dimensional surface area upon measuring the roughened surfaces with a
laser microscope is (A), a two-dimensional area as a projected
17PCT/JP20111050812 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
(Al a two-dicriensional area as a projected area upon measuring the
three-dimensional surface area is (a), and a calculated value of (A)/(a) is
expressed in (C'); (C)/(C) was 138. Both results deviated from the scope of
the present invention. [005 1]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 10 particles were formed. Moreover, the average diameter
of the roughening particles of the roughened surfaces was 03 to 13 pm, and
the variation a in area weight was 1.2.        Moreover, the maximum height
of the roughened layer was 3 pm, 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. [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 pm, 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 (AW(f31) is expressed in (C): (C)i(C') was 115,
and deviated from the scope of the present invention. [0053]The roughening
particles were coarse, and uneven particles were formed. 2cMoreover, the
average diameter of the roughening particles of the roughened
18PCT/JP2011/050812 surfaces was 0.5 to 1.5 urn, and the variation in area
weight was 0.7.       Moreover, the maximum height of the roughened layer
was 1.4 pm, 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 5 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 0. The results are also shown in Table 1. 1 id(0054]
(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 pm, and deviated from the scope of the
present invention. Moreover, when a three-dimensional surface area upon
measuring the roughened surfaces with a is 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
20 measuring the three-dimensional surface area is (B'), and a calculated
value of (A)i(E) 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 pm, and the variation a in area weight
was 0.6.        Moreover, the maximum height of the roughened layer was 1.0
pm, 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 so 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) 35Shown is an example where roughening
treatment was not performed to  19PCIMP2011/050812 the rolled copper foil
(untreated). The roughness Ra was 0.05 pm, and (C)/(C') was 1, The
adhesiveness in this case was immeasurable as shown in Table 1, and was
inferior. It can be understood that, if this rolled copper foil is used as
is, it is not suitable as a material for improving the adhesiveness of the
secondary battery active material. INDUSTRIAL APPLICABILITY 10 [0057)
A copper foil for a negative electrode current collector of a secondary
battery of the present invention is superior in adhesiveness of the
secondary battery active material, has a superior effect of reducing the
variation in the area weight of the secondary battery active material, and
also has superior weather resistance and thermal resistance. Therefore, the
present invention is effective as a copper foil for a negative electrode
current collector of secondary battery.  20PCT/JP2011/050812 CLAIMS [Claim
1]A copper foil for a negative electrode current collector of secondary
battery, wherein:       roughening treatment based on a
copper-cobalt-nickel alloy plated layer, in which Cu is plated in an amount
of 15 to 40 mg/drn2, Co is plated in an amount of 100 to 3000 pgicim2, and
Ni is plated in an amount of 100 to 500 pg/dm2, is performed to both front
and rear surfaces of a rolled copper or copper alloy foil; and       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 (ET), and a calculated value of (A)/(81)
is expressed in (C'), the ratio of surface area factor ':(C)/(C5)" is
within a range of 1.0< (C)/(C`) < 1.1. [Claim 2]The copper foil for a
negative electrode current collector of a secondary baftery according to
claim 1, wherein an average diameter of roughening particles of the
roughened surfaces is 01 to 0.4 pm. [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
pm 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,
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 based on
copper-cobalt-nickel alloy plating, of the rolled copper or copper alloy
foil. [Claim 5]The copper foil for a negative electrode current collector
of a  21PCT/JP2011/050812 secondary battery according to any one of claims
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 treatment both
the front and rear surfaces were subject to roughening treatment is 0.5 or
less. 


