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(57) ABSTRACT 

Disclosed are copper foil or net comprising a Cu-nitrile 
compound complex formed on the surface thereof, a method 
for preparing the same, and a lithium secondary battery that 
comprises an electrode using the same copper foil or net as 
a collector. The lithium secondary battery, which uses a 
copper collector comprising a Cu-nitrile compound complex 
formed on the surface thereof through the application of a 
certain voltage level, can prevent the corrosion of Cu 
occurring at a voltage of 3 .6V or higher under overdischarge 
conditions away from the normal drive condition, and thus 
can significantly improve the capacity restorability after 
overdischarge. 
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FIG. 5 
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FIG. 6 
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COPPER COLLECTOR FOR SECONDARY 
BATTERY COMPRISING CU-NITRILE 

COMPOUND COMPLEX FORMED ON SURFACE 
THEREOF 

[0001] This application claims the benefit of Korean 
Patent Application No. 10-2004-100595, filed Dec. 2, 2004 
in Korea, which is hereby incorporated by reference in its 
entirety for all purposes as if fully set forth herein. 

TECHNICAL FIELD 

[0002] The present invention relates to copper foil or net 
comprising a Cu-nitrile compound complex formed on the 
surface thereof, a method for preparing the same, and a 
lithium secondary battery that comprises an electrode using 
the same copper foil or net as a collector. 

BACKGROUND ART 

[0003] Recently, as mobile communication industries and 
information electronic industries develop rapidly, a light­
weight, high-capacity lithium secondary battery is increas­
ingly in demand. In particular, a lithium secondary battery 
has the advantage of a higher drive voltage and a higher 
energy density compared to other conventional batteries. 
However, a lithium secondary battery that uses an organic 
electrolyte may ignite and explode, and thus a lithium 
secondary battery that meets with sufficient levels of safety 
becomes the focus of intention. To provide against over­
charge or overdischarge occurring away from the normal 
drive condition of a lithium secondary battery, a protection 
circuit has been attached to a lithium secondary battery. 
However, protection circuits, PTCs or thermal fuses, 
attached to a lithium secondary battery for the purpose of 
safety, are not preferable. This is because they are expensive 
and take up large volume. Therefore, a battery having no 
protection circuit is very much in demand. 

[0004] Meanwhile, the bare cells that have no protection 
circuits developed up to date, have a problem. They show a 
rapid drop in the capacity when they are subjected to a 
charge/discharge cycle again after an overcharge test. More­
over, when such bare cells are overdisharged to a voltage 
lower than an adequate voltage, they are not amenable to 
charge/discharge cycles any longer due to their remarkably 
decreased capacity in spite of an attempt to recharge them. 

[0005] In the above case, rapid decrease in the capacity 
after overcharge results from the following reason. In gen­
eral, voltage of a battery is defined by the potential differ­
ence between a cathode and an anode. When a battery is 
discharged continuously at low electric current after its 
voltage drops to a level lower than the normal voltage, the 
cathode voltage decreases gradually due to the consumption 
of Li ions in the anode. On the contrary, the anode voltage 
rapidly increases in advance of the cathode voltage, and 
finally reaches a voltage of3.6V, where the copper foil used 
as an anode collector is oxidized. Thus, the copper foil is 
dissolved out in the form of copper ions, and contaminates 
the electrolyte. Then, the copper ions are reattached to the 
anode surface during the next charge cycle, and thus the 
anode active material is not utilizable any longer. Therefore, 
oxidation of copper foil results in a rapid drop in the capacity 
of a battery after overdischarge, and thus makes the battery 
useless. 
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[0006] To solve the above-mentioned problem, many 
attempts were made to inhibit the increase in anode voltage 
by decreasing cathode potential according to the prior art. 
For example, the SONY Corporation developed a method 
for preventing Cu in the copper foil used as an anode 
collector from reaching the potential causing the corrosion 
of Cu. The SONY corporation's method comprised incor­
porating a material with a low discharge voltage (i.e. a 
material capable of decreasing the cathode voltage rapidly), 
such as olivine or a nickel-containing material, into the 
cathode active material, so that the cathode voltage 
decreased rapidly at the last stage of discharge to complete 
discharge as early as possible. However, such a change in the 
cathode active material caused degradation of battery qual­
ity, such as gas formation at high temperature. Therefore, 
development of a novel method for preventing dissolution of 
Cu while maintaining the overall quality of a battery is 
required. 

DISCLOSURE OF THE INVENTION 

[0007] Therefore, the present invention has been made in 
view of the above-mentioned problems. The present inven­
tors have found that when a voltage (sensed by Cu foil 
relative to Li metal) is applied to copper foil coated with a 
nitrile-based compound to a level of 1.9\7, a Cu-nitrile 
compound complex is formed. We have also found that 
when the copper foil comprising the complex formed as 
described above is used as an anode collector for a lithium 
secondary battery, it is possible to significantly improve the 
capacity restorability of the battery after overdischarge, 
while not causing any degradation of the battery quality in 
normal use. The present invention is made based on these 
findings. 

[0008] According to an aspect of the present invention, 
there is provided copper foil or net comprising a Cu-nitrile 
compound complex formed on the surface thereof. Accord­
ing to another aspect of the present invention, there is 
provided a method for preparing the above copper foil or 
net. According to still another aspect of the present inven­
tion, there is provided a lithium secondary battery that 
comprises an electrode using the above copper foil or net as 
a collector. 

[0009] Hereinafter, the present invention will be explained 
in more detail. 

[0010] The present inventors have made intensive 
research into a lithium secondary battery, and have found 
that when a certain range of reduction potentials is applied 
to copper, a specific group of compounds forms a complex 
on the surface of Cu. 

[0011] FIG. 1 is a schematic view showing the formation 
of a typical complex. The non-covalent electron pair present 
on the cyano group (-CN) of a nitrile compound forms a 
coordination bond with Cu to provide a complex. Herein, the 
nitrile compound is subjected to the reduction potential of 
Cu on the surface of Cu metal, thereby forming a complex 
with Cu (see FIGS. 2, 3 and 4). Therefore, it is preferable 
that a voltage is applied to Cu metal to at least 1.9V based 
on Li metal, so as to complete the formation of a complex. 

[0012] In general, copper used as an anode collector is 
corroded at a voltage of 3.6V or higher based on Li metal. 
Therefore, when a battery is discharged to a voltage lower 
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than the normal voltage, i.e. when a battery is overdis­
charged, potential of the Cu collector increases to 3.6V or 
higher, resulting in corrosion of the Cu collector. Therefore, 
the battery quality is significantly degraded under the normal 
drive condition. 

[0013] Copper metal compnsmg a Cu-nitrile complex 
formed on the surface thereof according to the present 
invention is not corroded even at a potential significantly 
higher than 3 .6V (i.e. oxidation potential of Cu, where Cu is 
corroded) (see FIG. 5). Therefore, a lithium secondary 
battery using the copper metal comprising a Cu-nitrile 
compound complex formed on the surface thereof, as an 
anode collector, is effective for improving overdischarge 
characteristics. 

[0014] The nitrile compound capable of forming a com­
plex with Cu is a compound having a cyano group (----CN), 
and includes a compound represented by the formula of 
R----CN or CN-R----CN (wherein R is an alkyl group). 
Herein, R is derived preferably from a CrC

15 
alkane. When 

the above nitrile compound is incorporated into a battery, 
there is little possibility of an irreversible reaction occurring 
in the battery, because alkyl groups have no reactivity. 
Therefore, use of such nitrile compounds causes no degra­
dation of the battery quality. 

[0015] Preferably, the nitrile compound is a dinitrile com­
pound. 

[0016] Non-limiting examples of the nitrile compound 
include succinonitrile (R=C2H4 ), glutaronitrile (R=C3 H6), 

adiponitrile (R=C4 H8 ), pimelonitrile (R=C5H10), octane­
dinitrile (R=C6H12), azelonitrile (R=C7H14), sebaconitrile 
(R=C

8
H

16
), 1,9-dicyanononane (R=C

9
H

18
), dodecane­

dinitrile (R=C10H20) or the like. 

[0017] The copper foil or net, compnsmg a Cu-nitrile 
compound complex formed on the surface thereof, accord­
ing to the present invention is obtained by the method 
comprising the steps of: dipping copper foil or net into a 
nitrile compound-containing solution, or coating copper foil 
or net with the same solution; and applying the reduction 
potential of Cu, for example a potential of 1.9V based on 
lithium, to the copper foil or net. 

[0018] Concentration of the nitrile compound, needed for 
the formation of Cu-nitrile compound complex, is in pro­
portion to the surface area of Copper foil or net. However, 
it is preferable that the nitrile compound-containing solution 
(including an electrolyte) has a concentration of0.1 wt% to 
10 wt%. 

[0019] Although there is no particular limitation in the 
solvent that may be used in the nitrile compound-containing 
solution, conventional non-aqueous electrolytes for lithium 
secondary batteries may be used. Non-limiting examples of 
the solvent include cyclic carbonates and linear carbonates. 
Typical examples of the cyclic carbonate include ethylene 
carbonate (EC), propylene carbonate (PC), gamma-butyro­
lactone (GBL), or the like. Typical examples of the linear 
carbonate include diethyl carbonate (DEC), dimethyl car­
bonate (DMC), ethyl methyl carbonate (EMC), or the like. 

[0020] A lithium secondary battery, to which an electrode 
including a collector comprising a Cu-nitrile compound 

2 
Jul. 6, 2006 

complex on the surface of Cu may be applied, according to 
the present invention, comprises: 

[0021] (1) a cathode capable of lithium ion intercalation/ 
deintercalation; 

[0022] (2) an anode capable of lithium ion intercalation/ 
deintercalation; 

[0023] (3) a porous separator; and 

[0024] ( 4) a) a lithium salt, and 

[0025] b) a solvent for electrolyte. 

[0026] In general, the lithium secondary battery comprises 
a lithium-containing transition metal oxide as a cathode 
active material. For example, the cathode active material is 
at least one selected from the group consisting of LiCoO

2
, 

LiNiO2 , LiMn2 O4 , LiMnO2 and LiNi1_xCoxO2 (wherein 
0<X<l). Additionally, carbon, lithium metal or alloys, or 
metal oxides capable oflithium intercalation/deintercalation 
and having a potential of less than 2V based on lithium (for 
example, TiO

2 
and SnO

2
) may be used as an anode active 

material. Anon-aqueous electrolyte comprises a lithium salt, 
and non-limiting examples thereof include LiClO

4
, 

LiCF
3
SO

3
, LiPF

6
, LiBF

4
, LiAsF

6
, and LiN(CF

3
SO

2
)

2
. 

[0027] In a variant, the Cu-nitrile compound complex may 
be formed on a copper collector inside a lithium secondary 
battery. In this case, either or both of the cathode and anode 
comprise copper foil or net coated with an electrode active 
material, and a nitrile compound is added to the non-aqueous 
electrolyte or the electrode active material. Then, the reduc­
tion potential of Cu, for example a potential of 1.9V based 
on lithium, is applied to the copper collector. 

[0028] The lithium secondary battery according to the 
present invention may be provided in the form of a cylin­
drical, prismatic or pouch-like battery. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] The foregoing and other objects, features and 
advantages of the present invention will become more 
apparent from the following detailed description when taken 
in conjunction with the accompanying drawings in which: 

[0030] FIG. 1 is a schematic view showing a Cu-nitrile 
compound complex formed on the surface of a copper 
collector according to the present invention; 

[0031] FIG. 2 is a graph showing the results for the cyclic 
voltammetry according to Example 1 and Comparative 
Example 1; 

[0032] FIG. 3 is a graph showing the results for the 
surface analysis performed by X-ray Photoelectron Spec­
troscopy (XPS) for a Cu-nitrile compound complex formed 
on the surface of a copper collector according to the present 
invention; 

[0033] FIG. 4 is a graph showing the results for the 
Attenuated Total Reflection (ATR) spectroscopy, which 
illustrates the presence of bonding in the Cu-CN complex 
structure obtained by an electrochemical reaction; 

[0034] FIG. 5 is a graph showing the results for the 
overcharge test using a tripolar cell according to Example 2 
and Comparative Example 2; 
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[0035] FIG. 6 is a graph showing the results for the 
overdischarge test according to Example 3 and Comparative 
Example 3; and 

[0036] FIG. 7 is a graph showing the discharge charac­
teristics before and after an overdischarge cycle according to 
Example 3 and Comparative Example 3. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0037] Reference will now be made in detail to the pre­
ferred embodiments of the present invention. It is to be 
understood that the following examples are illustrative only 
and the present invention is not limited thereto. 

EXAMPLE 1 

[0038] Cu foil for a non-aqueous secondary battery and Li 
metal were used as a working electrode and a reference 
electrode, respectively. The electrolyte was comprised of 
IM LiPF6 solution in a mixed solvent of EC, PC and DEC 
(EC:PC:DEC=3:2:5), and succinonitrile was added thereto 
in an amount of 3 wt % based on the total weight of the 
electrolyte. Cyclic voltammetry was performed by using the 
above system. Herein, voltage rate was 20 mV/s. 

COMPARATIVE EXAMPLE 1 

[0039] Cyclic voltammetry was performed in the same 
manner as described in Example 1, except that succinonitrile 
was not added to the electrolyte. 

[0040] [Results for Cyclic Voltammetry] 

[0041] As shown in FIG. 2, when succinonitrile is present 
in the electrolyte (Example 1 ), a high reduction current flows 
in the vicinity of an anode potential of 1.9V based on Li 
metal. It can be estimated from the above result that a 
complex is formed between Cu and succinonitrile. 

[0042] The Cu foil, which was subjected to 1.9V in the 
succinonitrile-containing electrolyte according to Example 
1, was further analyzed by way of X-ray Photoelectron 
Spectroscopy (XPS) and Attenuated Total Reflection (ATR) 
Spectroscopy. The results are shown in FIGS. 3 and 4. The 
graphs shown in FIGS. 3 and 4 demonstrate the formation 
of a Cu-CN complex structure. For example, as shown in 
FIG. 3 by the term of box (1), a large amount of nitrogen is 
detected on the Cu metal surface, which indicates the 
presence of a Cu-CN complex. Additionally, as shown in 
FIG. 3 by the term of box (2), it can be seen from the change 
in carbon peaks that a different form of CN group, i.e. a 
Cu----CN bond, is formed. 

[0043] Further, it can be seen from FIG. 2 that when Cu 
forms a complex with a CN group, corrosion of Cu does not 
occur at a potential of 3.6V or higher, where the battery is 
overdischarged. In other words, because a Cu-CN coating 
film is formed on the Cu surface while the Cu foil is 
subjected to the reduction potential, the resultant Cu foil is 
stable even at a potential of 3 .6V or higher, where corrosion 
of Cu occurs otherwise. 

EXAMPLE 2 

[0044] A conventional lithium secondary battery was 
manufactured by using LiCoO2 as a cathode active material, 
artificial graphite as an anode active material, Al foil as a 
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cathode collector, and Cu foil as an anode collector. Addi­
tionally, a tripolar cell was manufactured from the battery by 
using Li metal as a reference electrode. Herein, the electro­
lyte was comprised of 1 M LiPF 6 solution in a mixed solvent 
of EC, PC and DEC (EC:PC:DEC=3:2:5), and succinonitrile 
was added thereto in an amount of3 wt % based on the total 
weight of the electrolyte. Additionally, the copper collector 
was subjected to 1.9V by applying a voltage to the anode 
from 3V to OV, because the voltage of the anode using the 
copper collector was 3V based on lithium metal (potential of 
copper). 

[0045] Meanwhile, the full cell obtained as described 
above was discharged in a completely charged state, at a 
C-rate of 0.2 C to 2\7, and at a C-rate of 1 mA to a voltage 
ranging from 2V to OV. 

COMPARATIVE EXAMPLE 2 

[0046] A tripolar cell was manufactured and an overdis­
charge test was performed in the same manner as described 
in Example 2, except that succinonitrile was not added to the 
electrolyte. 

[0047] [Results for Overdischarge Test 1] 

[0048] In general, a tripolar cell for use in evaluating the 
quality of a battery uses lithium metal inserted into the cell 
as a reference electrode in addition to the cathode and anode 
of the cell. The tripolar cell is a test system, in which the 
voltage difference between the reference electrode (lithium 
metal) and the cathode, and the voltage difference between 
the reference electrode (lithium metal) and the anode are 
measured, so as to determine how the cathode and anode act 
against the reference electrode in an actual battery during 
charge/discharge cycles. 

[0049] FIG. 5 shows the behaviors of the cathode and 
anode during an overdischarge cycle in a test using the 
above-mentioned tripolar cell. When comparing Example 2 
with Comparative Example 2, the anode (Example 2) 
obtained by using a copper collector, which has been sub­
jected to a reduction potential of 1.9V based on lithium 
metal in the succinonitrile-containing electrolyte, shows no 
corrosion even at a voltage of 3.6V or higher. 

EXAMPLE 3 

[0050] A tripolar cell was manufactured and an overdis­
charge test was performed in the same manner as described 
in Example 2, except that succinonitrile was added to the 
electrolyte in an amount of 5 wt % based on the total weight 
of the electrolyte. The overdischarge test was repeated three 
times. Additionally, the cell was discharged at 0.2C under 
the normal drive condition before and after the overdis­
charge test. 

COMPARATIVE EXAMPLE 3 

[0051] A tripolar cell was manufactured and an overdis­
charge test was performed in the same manner as described 
in Example 3, except that succinonitrile was not added to the 
electrolyte. 

[0052] [Results for Overdischarge Test 2] 

[0053] FIG. 6 shows the progress of overdischarge cycles. 
The cell (Example 3) that includes the anode comprising the 
copper collector, which has been subjected to a reduction 
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potential of 1.9V based on lithium metal, shows no drop in 
the capacity during three charge cycles, contrary to the cell 
according to Comparative Example 3. This indicates that the 
anode in the cell according to Example 3 is not corroded. 

[0054] FIG. 7 shows the capacity restorability after an 
overdischarge cycle. When comparing Example 3 with 
Comparative Example 3, the cell (Example 3) using the 
anode comprising a Cu-nitrile compound complex shows a 
high restorability of 90% based on the initial capacity. 
Additionally, as can be seen from FIG. 7, succinonitrile does 
not adversely affect the quality of an actual battery. This is 
because the discharge capacity of the cell (Example 3) using 
succinonitrile is similar to that of the cell (Comparative 
Example 3) using no succinonitrile, under the normal drive 
condition of an actual battery before the overdischarge test. 

INDUSTRIAL APPLICABILITY 

[0055] As can be seen from the foregoing, the lithium 
secondary battery according to the present invention, which 
uses a copper collector comprising a Cu-nitrile compound 
complex formed on the surface thereof through the appli­
cation of a certain voltage level, can prevent the corrosion of 
Cu occurring at a voltage of 3.6V or higher under overdis­
charge conditions away from the normal drive condition. 
Therefore, the lithium secondary battery according to the 
present invention can significantly improve the capacity 
restorability after overdischarge. 

[0056] While this invention has been described in connec­
tion with what is presently considered to be the most 
practical and preferred embodiment, it is to be understood 
that the invention is not limited to the disclosed embodiment 
and the drawings. On the contrary, it is intended to cover 
various modifications and variations within the spirit and 
scope of the appended claims. 

1. Copper foil or net, which comprises a Cu-nitrile 
compound complex formed on a surface thereof. 

2. The copper foil or net according to claim 1, which is 
used as a collector. 

3. The copper foil or net according to claim 1, wherein the 
Cu-nitrile compound complex is formed by subjecting the 
nitrile compound to reduction potential of Cu on the copper 
foil or net. 

4. The copper foil or net according to claim 1, wherein the 
nitrile compound is a compound represented by the formula 
of R-CN or CN-R----CN, wherein R is derived from a 
C

2
-C15 alkane. 
5. A method for preparing the copper foil or net, com­

prising a Cu-nitrile compound complex formed on the 
surface thereof, as defined in claim 1, comprises the steps of: 

dipping copper foil or net into a nitrile compound-con­
taining solution, or coating copper foil or net with the 
solution; and 

applying reduction potential of Cu to the copper foil or 
net. 

6. An electrode, which comprises the copper foil or net as 
defined in claim 1, coated with an electrode active material, 
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wherein the copper foil or net comprises a Cu-nitrile com­
pound complex formed on a surface thereof. 

7. The electrode according to claim 6, wherein the Cu­
nitrile compound complex is formed by subjecting the nitrile 
compound to reduction potential of Cu on the copper foil or 
net. 

8. The electrode according to claim 6, wherein the nitrile 
compound is a compound represented by the formula of 
R----CN or CN-R----CN, wherein R is derived from a 
C

2
·C15 alkane. 
9. A lithium secondary battery comprising: 

a) a cathode capable of lithium ion intercalation/deinter­
calation; 

b) an anode capable of lithium ion intercalation/deinter­
calation; 

c) a porous separator; and 

d) a non-aqueous electrolyte containing i) a lithium salt 
and ii) a solvent for electrolyte, 

wherein either or both of the cathode and anode are the 
electrodes as defined in claim 6, which comprises the 
copper foil or net coated with an electrode active 
material, while the copper foil or net comprising a 
Cu-nitrile compound complex formed on a surface 
thereof. 

10. The lithium secondary battery according to claim 9, 
wherein the Cu-nitrile compound complex is formed by 
subjecting the nitrile compound to reduction potential of Cu 
on the copper foil or net. 

11. The lithium secondary battery according to claim 9, 
wherein the nitrile compound is a compound represented by 
the formula of R-CN or CN-R----CN, wherein R is 
derived from a CrC15 alkane. 

12. A lithium secondary battery comprising: 

a) a cathode capable of lithium ion intercalation/deinter­
calation; 

b) an anode capable of lithium ion intercalation/deinter­
calation; 

c) a porous separator; and 

d) a non-aqueous electrolyte containing i) a lithium salt 
and ii) a solvent for electrolyte, 

wherein either or both of the cathode and anode are 
electrodes comprising a collector formed of copper foil 
or net, on which an electrode active material is coated, 
and the lithium secondary battery is obtained by apply­
ing reduction potential of Cu to the copper collector in 
the presence of a nitrile compound added to a non­
aqueous electrolyte or to the electrode active material. 

13. The lithium secondary battery according to claim 12, 
wherein the nitrile compound is a compound represented by 
the formula of R-CN or CN-R----CN, wherein R is 
derived from a CrC15 alkane. 

* * * * * 




