a9y United States
a2y Patent Application Publication (o) Pub. No.: US 2010/0330430 A1

US 20100330430A1

CHUNG et al. 43) Pub. Date: Dec. 30, 2010
’
(54) LITHIUM SECONDARY BATTERY WITH Publication Classification
HIGH ENERGY DENSITY (51) Int.CI.
' HOIM 4/40 (2006.01)
(75) Inventors: Geun-Chang CHUN.G,, Daegeon HOIM 4/50 (2010.01)
(KR); Dong Seok Shin, Daejeon HOIM 4/48 (2010.01)
(KR); Sun Kyu Kim, Seongnam-si BOSD 5/12 (2006.01)
(KR) B32B 37/02 (2006.01)
(52) US.CL ................ 429/224; 429/231.95; 429/231.5;
Correspondence Address: 42°7/123; 156/60
BIRCH STEWART KOLASCH & BIRCH
PO BOX 747 (37) ABSTRACT
FALLS CHURCH, VA 22040-0747 (US) The present invention relates to electrodes for a lithium sec-
ondary battery with a high energy density and a secondary
(73) Assignee: L.G CHEM, LTD., Seoul (KR) battery with a high energy dfe:nsity qsing the same. A negati}fe
clectrode includes a material which can be alloyed with
(21)  Appl. No.. 12/829 116 lithium alloy. A positive electrode 1s made of a transition
PpL. 1O-- ’ metal oxide which can reversibly intercalate or deintercalate
o lithium. Here, the entire reversible lithium storage capacity of
(22)  Tled: Jul. 1, 2010 the positive electrode 1s greater than the capacity of lithium
o dischargeable from the positive electrode. Further, the present
Related U.5. Application Data invention relates to electrodes for a lithium secondary battery
. . L in which metal lithium 1s coated on a negative electrode, a
(63) ggglguaglog 011;/[ apglécazt(lﬁl(l) No.  PCI/KR2010/ positive electrode, or both, a method of manufacturing the
, HICE OIL VY 20, ‘ clectrodes, and a lithium secondary battery including the
clectrodes. The lithium secondary battery of the present
(30) Foreign Application Priority Data invention s excellent in safety because metal lithium does not

May 26, 2009

(KR) oo, 10-2009-0045776

remain after being activated and excellent 1n a capacity per
unit weight.



Patent Application Publication Dec. 30, 2010 US 2010/0330430 Al

[FIG. 1]
4.0} ‘
Z -
O 3.0r _
®) I
©
—
o5t '
-0 | ——CErmbodiment L -
JJJJJJ comparisen example
1.5

0 20 40 60 0 100 120

Charge and discharge capacity/
theoretical positive electrode capacity(%)




US 2010/0330430 Al

LITHIUM SECONDARY BATTERY WITH
HIGH ENERGY DENSITY

[0001] Prionty to Korean patent application number 2009-
0045776 filed on May 26, 2009, the entire disclosure of which
1s 1ncorporated by reference herein, 1s claimed.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a lithium secondary
battery with a high energy density and, more particularly, to a
lithium secondary battery with metal lithium coated on the
clectrode surface of a negative electrode or a positive elec-
trode or both, in which the negative electrode includes a
material which can be alloyed with lithium and having a
capacity per unit weight of 700 mAh/g to 4300 mAh/g, the
positive electrode 1s made of a transition metal oxide capable
of reversibly intercalating and deintercalating lithtum, and
the entire reversible lithium storage capacity 1s included in the
positive electrode (i.e., when the battery 1s fabricated, the
entire reversible lithium storage capacity 1s included in the
positive electrode and greater than a lithtum capacity dis-
chargeable 1n an available voltage range), and lithium of a
metal form does not remain 1n the negative electrode and the
positive electrode after an mitial activation charge.

[0004] 2. Discussion of the Related Art

[0005] In order to spread environment-iriendly vehicles,
the development of electric power for the vehicles 1s being
accelerated. Important requirements for the spread of the
clectric vehicles include the price per energy, energy per
weight, safety, and durability. Today, development centers on
a lithium secondary battery having excellent durability and a
long life span, but there 1s an epoch-making improvement for
the price per energy and energy per weight. To this end, a
focus 1s concentrated on a lithtum alloy material including a
large amount of lithtum per unit weight and elements capable
of forming an alloy, such as aluminum (Al), tin (Sn), and
silicon (S1), 1n order to form a negative electrode of a high
capacity. However, the material 1s problematic 1n that the loss
of an 1nitial irreversible capacity 1s great.

[0006] Meanwhile, 1n order to improve the energy density
of the lithium secondary battery, a technique for increasing
the capacity of a positive electrode material 1s being devel-
oped. In particular, an L1(N1, Co, A1)O, material or an Li1(Ni,
Co, Mn)O, material with stabilized L.1iN10O,, has an advantage
in that they can greatly increase the capacity of the lithium
secondary battery because they have a high reversible capac-
ity per unit weight. However, the material 1s problematic 1n
that it has a great reaction with an electrolyte 1n the tull charge
state because 1t needs to be charged with a high voltage 1n
order to achieve a high capacity characteristic. Accordingly,
the material has a serious aging characteristic 1n the life span
according to a long-term storage or cycle. Further, a battery
using the maternial 1s msuificient 1n the safety of a umt cell
when the capacity of the unit cell 1s increased and thus prob-
lematic 1n that thermal runaway and 1gnition are generated
when being overcharged or stored 1n a hot box of 150° C.

[0007] In order to overcome the above problems and
achieve a higher capacity, PCT 2006/112674 provides a
lithium secondary battery using an active maternial, not
including lithium, for a positive electrode and a lithium tran-
sition metal oxide with a high 1rreversible lithium capacity.
The lithtum secondary battery of this patent can be made with
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a higher capacity because a transition metal oxide, not includ-
ing lithium, for the positive electrode with a high capacity can
be used. Further, the lithium secondary battery 1s excellent in
the safety and long-term durabaility because voltage when the
battery 1s fully charged 1s not high. The lithium secondary
battery, however, has a drawback 1n that most of the transition
metal oxide (1.e., an inactive solid compound) remains within
the battery after lithium 1s used, thereby deteriorating the

energy density, because the lithium important to increase the
capacity 1s stored 1n an 1nitial lithium transition metal oxide.

[0008] As a scheme for providing suificient lithium and
also significantly increasing the energy density per weight,
research becomes active on a battery using metal lithium. For
example, 1n order to improve a dendrite problem according to
charge and discharge, PCT/1P2004/0078°77 proposes a nega-
tive electrode for a lithium metal secondary battery in which
metal lithium 1s deposited on an insulating base and an 1nor-
ganic solid electrolyte film 1s formed on the metal lithium.
Meanwhile, U.S. Pat. No. 7,247,408 proposes a lithtum metal
clectrode coated with multiple layers of a single one conduc-
tive layer and a polymer layer 1n order to inhibit the formation
of lithium dendrite. Further, 1n order to further increase the
surface processing effect and also effectively form a thin
metal lithium film, Korean Patent No. 10-0496306 proposes a
method of forming a metaplasia film on a base, forming a
current collector on the metaplasia film, and lithtum metal 1s
deposited on the current collector, thereby being capable of
reducing a spatial loss due to the base film, suppressing defor-
mation resulting from heat, and obtaimning a deposition
lithium layer with a high degree of purity. However, the above
methods can steadily increase reversibility according to
lithium charge and discharge, but 1s problematic in that 1t does
not fundamentally prevent 1gnition and explosion resulting
from metal lithium when the battery 1s used in abnormal
environments or the battery 1s overheated upon misuse.

[0009] Meanwhile, a technique for previously doping
metal lithium and fully consuming the doped metal lithium
through activation has recently been applied to a lithium 1on
capacitor. In this case, the mitially inserted lithium 1s com-
pressed 1into the surface of an electrode 1n the form of a lithium
metal plate or a lithium metal electrode 1s inserted 1nto a third
clectrode and then electrochemically doped on a lithium stor-
age electrode. For example, Japanese Unexamined Patent
Application Publication No. Hei18-107048 provides a method
of sealing the carbon electrode of an electric dual layer
capacitor with a metal foil physically brought into contact
with the surface of the carbon electrode and chemically dop-
ing lithium on the carbon electrode while raising temperature.
However, this patent 1s problematic in that lithium metal
difficult to mechanically handle must be used 1n order to dope
only a necessary amount of lithium (1.e., very thin within 5 to
20 micron) on a common capacitor or a lithium battery. Fur-
ther, this patent has a difficulty 1n that 11 this patent 1s applied
to a capacitor or battery with a high capacity and a wide
electrode area, the thin metal lithium foil must be adhered to
the wide area. As yet another example, WO98/33227 pro-
vides a technique for introducing practically applicable metal
lithium 1nto a third electrode and doping lithium on a carbon
negative electrode by electrochemically dissociating lithium
from the third electrode. However, 1n order to uniformly dope
lithium 10ns on the carbon negative electrode having a wide
area, a current collector having holes through which the
lithium 10ns can freely penetrate 1n forming negative elec-
trode and positive electrode plates must be used. If the current
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collector having holes 1s used, there are problems 1n that the
mechanical strength of the electrode 1s weakened and a pro-
cess ol manufacturing the electrode 1s complicated as com-
pared with a case 1n which a uniform metallic foil current
collector with no hole 1s used.

SUMMARY OF THE INVENTION

[0010] It s, therefore, an object of the present mnvention to
provide a lithium secondary battery which 1s capable of solv-
ing a danger according to the use of metal lithtum and also has
a high energy density of the same degree as a metal lithium
battery.

[0011] A method of previously doping metal lithium on a
lithium secondary battery and then fully consuming the
doped metal lithium 1n a process of activating the battery 1s
used. Accordingly, the capacity of the battery can be
increased and at the same time, dangers resulting from metal
lithium, such as explosion, can be solved. In other words, 1n
the battery of the present invention, the lithium storage and
discharge ability of negative electrode and positive electrode
materials included 1n the battery 1s utilized to the maximum
extent. Accordingly, a reversible capacity after activation can
be significantly increased, and metal lithium during the acti-
vation can be fully consumed, thereby being capable of avoid-
ing a danger of metal lithium.

[0012] In accordance with an aspect of the present mven-
tion, there 1s provided a lithtum secondary battery, compris-

ing a negative electrode made of a material which can be
alloyed with lithium, a positive electrode made of a transition
metal oxide capable of reversibly intercalating and deinter-
calating lithium and configured to have an entire reversible
lithium storage capacity greater than a lithtum capacity dis-
chargeable from the positive electrode, and a lithium layer
formed on a surface of the negative electrode or the positive
clectrode or both.

[0013] The lIithium layer satisfies an Equation below.
S<L=S+!
[0014] where S=a lithium storage capacity of the positive

clectrode-a capacity of lithium initially included in the posi-
tive electrode, L 1s an amount of lithium within the lithium
layer, and I 1s an 1nitial irreversible consumption capacity 1n
the negative electrode.

[0015] Further, after the lithium secondary battery 1s 1ni-
tially activated and charged, lithium of a metal form does not
remain in the electrode surface.

[0016] Further, the material which can be alloyed with
lithium has a capacity per unit weight of 700 mAh/g to 4300
mAh/g.

[0017] Further, the lithium layer 1s formed using a method
of compressing a metal foil on the electrode surface, a method
of depositing metal lithium on the electrode surface, or a
method of dispersing and coating particles, including an
excessive amount of metal lithium, together with a specific
binder polymer on the electrode surface.

[0018] Further, the lithium layer has weight per unit area 1s
0.3 mg/cm” to 0.8 mg/cm”.

[0019] Further, the material which can be alloyed with
lithium 1ncludes one or more selected from a group compris-
ing S1, Sn, and Al; an alloy 1n which the atomic fraction of the
clement(s) 1s 50% or more; or an oxide of them.

[0020] Further, an mitial irreversible capacity of the nega-
tive electrode 1s 40% or less of a reversible capacity.
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[0021] Further, the transition metal oxide 1includes one or
more selected from a group comprising MnO,, MoO;, VO,
V,0,, V.0O,,, Cry0,, and CrO,.

[0022] In accordance with another aspect of the present
invention, there 1s provided a negative electrode for a lithium
secondary battery, comprising a current collection plate, a
active material layer for the negative electrode, included 1n
one or both sides of the current collection plate and made of
a material which can be alloyed with lithium having a capac-
ity per unit weight of 700 mAh/g to 4300 mAh/g, and a
lithium layer formed on the active material layer.

[0023] In accordance with yet another aspect of the present
invention, there 1s provided a positive electrode for a lithium
secondary battery, comprising a current collection plate, an
active material layer for the positive electrode, included 1n
one or both sides of the current collection plate and made of
a transition metal oxide, not including lithium and enabling
lithium intercalation and deintercalation, a transition metal
oxide including lithium, or a mixture of them, and a lithium
layer formed on the active material layer.

[0024] The positive electrode of claim 12, wherein the
lithium layer satisfies an Equation below.

S<I.=5+1

[0025] where S=a lithium storage capacity of the positive
clectrode-a capacity of lithitum initially included in the posi-
tive electrode, L 1s an amount of lithium within the lithium
layer, and I 1s an 1nitial irreversible consumption capacity in a
negative electrode.

[0026] In accordance with further yet another aspect of the
present invention, there 1s provided a method of manufactur-
ing electrodes for a lithium secondary battery, comprising the
step of forming a lithtum layer using a method of coating an
clectrode active material on an electrode current collection
plate and compressing a metal foil on the electrode active
material, amethod of depositing metal lithium, or a method of
dispersing and coating particles, including an excessive
amount of metal lithium, together with a binder polymer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The above and other objects and features of the
present invention will become apparent from the following
description of an embodiment given 1n conjunction with the
accompanying drawing, in which:

[0028] FIG. 1 1s a diagram showing a comparison of the
charge and discharge capacities of batteries, fabricated
according to an embodiment and a comparison example, and
a theoretical positive electrode capacity (a theoretical 1nitial
lithium discharge capacity of a positive electrode).

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

[0029] Hereinatter, an embodiment of the present invention
will be described 1n detail with reference to the accompanying
drawing so that it can be readily implemented by those skilled
in the art.

[0030] In accordance with an embodiment of the present
invention, a negative electrode includes materials which per-
mit a lithium alloy and have a capacity per unit weight of 700
mAh/g to 4300 mAh/g. A positive electrode 1s made of a
transition metal oxide which can reversibly intercalate and
deintercalate lithium and has the entire reversible lithium
storage capacity greater than an initially included (initially
stored, but dischargeable) lithrum capacity. Here, lithium
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metal having a capacity greater than a difference S between
the reversible lithium storage capacity and the included
lithium capacity of the positive electrode and equal to or
smaller than the sum of the difference S and an 1mitial 1rre-
versible capacity loss L 1n the negative electrode, 1s coated on
a surface of the negative electrode or the positive electrode or
both 1n the form of lithium metal.

S<[=5+1

[0031] where S=the lithium storage capacity of the positive
clectrode—the capacity of lithium initially included in the
positive electrode, L 1s the amount of lithtum within a lithium
layer, and I 1s an mitial irreversible consumption capacity in
the negative electrode.

[0032] In other words, lithium metal having a capacity,
greater than a difference between a lithnum storage capacity
and an 1included lithtum capacity of the positive electrode and
equal to or smaller than the sum of the difference and an 1nitial
irreversible capacity loss 1in the negative electrode, 1s sup-
plied. Accordingly, the storage and discharge capacity of
lithium within the active material included in the lithium
secondary battery can be exhibited to the maximum extent.
Consequently, the capacity of the lithium secondary battery
can be significantly increased, and metal lithium 1s fully
absorbed by materials 1n the form of ions after being acti-
vated, thereby being capable of achieving excellent safety.

[0033] Further, in the lithium secondary battery, the lithium
metal coated on the surface of the negative electrode, the
positive electrode or both 1s fully consumed 1n an nitial
activation charge process of the lithium secondary battery.
Thereafter, lithium of a metal form does not remain on the
clectrode surface.

[0034] The present invention provides a lithium secondary
battery which can significantly increase a reversible capacity
after activation by utilizing the lithium storage and discharge
ability of the negative and positive electrode matenals,
included 1n the battery, to the maximum extent and can avoid
a danger ol metal lithium by fully consuming the metal
lithium during activation, and a method of maximizing an
cifect of ntroducing lithium 1nto the lithium secondary bat-
tery.

[0035] A method of previously doping the metal lithium
can include a method of utilizing a metal foil, a method of
depositing the metal lithtum, or a method of dispersing and
coating particles, mncluding an excessive amount of metal
lithium, together with a specific binder polymer. In the
present invention, in particular, a method of spraying the
metal lithtum or coating the metal lithium using a continuous
roll process, such as rolling, 1s used. Accordingly, the present
invention provides a method of manufacturing electrodes for
a lithium secondary battery by directly forming a metal
lithium layer on a surface of an electrode plate coated with the
active material.

[0036] In the lithium secondary battery of the present
invention, a metallic current collection plate, such as copper
(Cu), which 1s used as the negative electrode 1s coated with a
negative electrode active material and a mixed layer of a
binder and a conductive material. The active material for a
negative electrode preferably includes a lithium alloy mate-
rial having a high lithium storage characteristic of 700 mAh/g
or more. In the case of a common carbon-based negative
clectrode, a potential in the full charge state 1s about 0V 10 0.1
V on the basis of the potential of lithium metal, and so the
lithium alloy material preferably i1s included as the active
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material. In the case 1n which an alloy with lithium 1s per-
formed up to a low full charge potential, the lithtum alloy
material with an electrochemical activity has a storage ability
of 700 mAh/g or more. In the case in which an alloy material
having a capacity lower than the storage ability of 700 mAh/g
1s used, it may not be easy to implement a high energy density
which 1s intended by the present invention.

[0037] For example, one or more selected from the group
consisting of S1, Sn, and Al, an alloy 1in which the atomic
fraction of the active element(s) 1s 50% or more, or an oxide
of them preferably 1s used. The negative electrode material
has a higher capacity and greater initial irreversible capacity
loss than a carbon-based material and it can implement the
battery of a high energy density using metal lithtum according,
to the present invention. Meanwhile, the mitial 1rreversible
capacity of the negative electrode preferably 1s 40% or less of
the reversible capacity. It the irreversible capacity 1s too high,
the amount of additional 1nitial lithtum supplied becomes too
much and manufacture productivity can be reduced.

[0038] A metallic current collection plate, such as alumi-
num (Al), which 1s used as the positive electrode 1s coated
with a positive electrode active material, such as a transition
metal oxide not including lithium which can reversibly inter-
calate and deintercalate lithium, a transition metal oxide
including lithium, or a mixture of them. Unlimited examples
ol the positive electrode active material not including lithium
can include MnQO,, MoO,, VO,, V,O., V.O,;, Cr;0,, and
CrO,. Further, unlimited examples of the transition metal
oxide including lithium can include a material, such as a
L1MO, composition having a layered structure (where M 1s
Co, N1, Mn, or a mixture of them), LiMn,O, having a spinel
structure, and LiFePO, having an olivine structure.

[0039] According to the present invention, the reversible
storage ability of the positive electrode 1s utilized 100%, and
a difference between the reversible storage ability and the
amount of mitially included lithium 1s fully taken advantage
of. Accordingly, 1n the present invention, it 1s preferred that a
metal oxide not including lithium be used as the material for

the positive electrode and the capacity thereof be higher. For
example, the capacity can be 100 mAh/g to 300 mAh/g or 300
mAh/g or more.

[0040] In accordance with the present invention, the elec-
trode 1s fabricated by forming the metal lithtum layer on the
surface of the negative electrode or the positive electrode or
both. In an embodiment, when lithium 1s heated by supplying
heat of 600[ ] to metal lithium 1n a vacuum state of about 10
torr, lithium gas 1s generated. When the electrode surface
coated with the active material passes through the lithium gas
while the lithium gas continues to be supplied, the lithium
layer 1s deposited on the electrode surface. The lithium layer
has a thickness of about 5 to 10 um when a total electrode
thickness 1s about 100 ul. This corresponds to an amount
which increases the capacity of 1 to 2 mA/cm”. Further, it is
preferred that the weight of the lithium layer be 0.3 mg/cm” to
0.8 mg/cm” per unit area. It is, however, to be noted that the
deposition process conditions, the thickness and weight of the
lithium layer, and the increment of the current density are
only embodiments, and the present invention i1s not limited
thereto.

[0041] As another example, there 1s a method of continu-
ously coating particles, including an excess of lithtum, on the
clectrode surface by spraying the particles on a specific binder
solution and forming a lithium coating layer by continuously
passing the particles through a press. Here, lithium metal
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powder having a surface coated with a stabilization layer can
be used as the particles including an excess of lithium. What
fluoro-based polymer, acryl-based polymer, SBR-based rub-
ber, or PAN-based polymer, such as PVDE, 1s dispersed 1n a
non-aqueous solvent can be used as the binder solution. A
continuous coating method, such as spray, roll coating, or dip
coating, can be used as the coating method.

[0042] The formation of the lithtum layer can be applied to
the negative electrode or the positive electrode or both. Metal
lithium formed on the electrode surface 1s fully 1onized
through the step of injecting an electrolyte to the activation
step and absorbed 1nto the lithium storage materials included
in the negative electrode and the positive electrode. In all the
cases, metal lithium existing on the electrode surface 1s con-
sumed 1n the activation step, and thus the metal lithium does
not remain 1n a battery charge/discharge step. In the lithium
secondary battery using the electrode of the present invention,
metal lithium 1s fully consumed in the activation process.
Accordingly, a danger of metal lithium can be avoided, and
the capacity of the battery can be increased because of doped
metal lithium.

[0043] The present invention provides a lithium secondary
battery having a significantly increased reversible capacity
alter activation by assembling the electrode using a common
method of assembling the lithium secondary battery.

[0044] Further, in a method of manufacturing the electrode
according to the present invention, a metal foil current col-
lector commonly used as the current collector of the electrode
can be used. Accordingly, the electrode has an excellent
mechanical strength. Further, 1n the process of fabricating the
clectrode, a conventional process 1s used without change, and
the process of coating metal lithtum on the electrode surface
1s added. Accordingly, the present invention can be easily
implemented. In particular, in the case 1n which lithium 1s
coated using a deposition method, the electrode of the present
invention has a thickness of about 100 um and heat can be
distributed over the entire thickness. Accordingly, the depos-
ited lithium can be effectively cooled, and metal lithium can
be uniformly doped on the entire area of the electrode chemi-
cally or electrochemically through deposition.

Embodiment

[0045] The positive electrode and the negative electrode of
the lithium secondary battery were fabricated using the fol-
lowing method.

[0046] (1) Manufacture of Negative Electrode

[0047] The negative electrode plate, including a copper
(Cu) current collection plate of 10 um 1n thickness and coat-
ing layers on both surfaces, was fabricated. Here, the coating
layer was made of S10 having a capacity per unit weight of
1200 mAh/g and an 1nitial irreversible capacity of 800 mAh/
g, a carbon-based maternial having a capacity of about 300
mAh/g and an 1mitial irreversible capacity of 30 mAh/g, a
rubber component functioning as a binder, CMS, and con-
ductive carbon acetylene black. In this case, S1Owas 40%, the
carbon-based material was 50%, the rubber component was
4%, CMC was 4%, and the conductive carbon acetylene black
was 2%, of atotal percentage of the coating layer. Further, the
coating layer was controlled to have a reversible lithium
storage and discharge ability of 3 mAh/cm?®. Next, the nega-
tive electrode plate fabricated using continuous processes
was rolled, drnied, and then put into a vacuum deposition
chamber (pressure: 10 torr, temperature: 600[]). Next, metal
lithium having a thickness of 12 um was deposited on the
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negative electrode plate at a deposition speed of 0.5 m/min,
thereby forming the lithium layer.

[0048] (2) Manufacture of Positive Electrode

[0049] The positive electrode, including an aluminum (Al)
current collection plate of 14 um 1n thickness and a coating
layer on both surfaces, was fabricated. Here, the coating layer
was made of MnQO,, capable of storing lithium at 200 mAh/g
per unit weight, LiMn,O, having an initial discharge capacity
of 115 mAh/g and a reversible lithium storage capacity of 110
mAh/g, conductive carbon acetylene black, and PVdF. In this
case, MnO,, was 30%, LiMn,O, was 60%, conductive carbon
acetylene black was 4%, and PVdF was 6%, of a total per-
centage of the coating layer. Further, the coating layer was
controlled to have a reversible lithium storage and discharge
ability of 3 mAh/cm”.

[0050] (3) Assembly the Battery

[0051] The negative electrode, the positive electrode, a
polyethylene separation layer, and an organic electrolyte
including EC/DEC/an additive using LiPF. as salt were
assembled to form a small-sized aluminum laminate package
type cell having an electrode area of about 10 cm”.

Comparison Example

[0052] A negative electrode, composed of the same com-
position as the negative electrode of the present embodiment
and not coated with lithium, and the positive electrode of the
present embodiment were assembled to form a cell for com-
parison using the same method as the present embodiment.

[0053] Evaluation of Capacity of Battery

[0054] The batteries fabricated according to the embodi-
ment and the comparison example were activated and then
charged and discharged 1n a range o1 4.2 t0 1.5 V.

[0055] As aresult of the charge and discharge, 1t was found
that in the battery including the electrode having the lithium
layer deposited thereon according to the present embodiment,
the 1rreversible capacity of the negative electrode was fully
offset and an excessive lithtum capacity was discharged as
low voltage MnO,, materials.

[0056] The lithium secondary battery of the present inven-
tion utilizes the lithium storage and discharge ability of mate-
rials for the negative electrode and the positive electrode
included in the battery to the maximum extent. Accordingly,
a reversible capacity after activation can be significantly
increased. Further, since metal lithium 1s fully consumed
during activation, a danger of metal lithium can be avoided.

[0057] While the invention has been shown and described
with respect to the preferred embodiments, 1t will be under-
stood by those skilled in the art that various changes and
modifications may be made without departing from the spirit
and scope of the imnvention as defined in the following claims.

What 1s claimed 1s:
1. A lithtum secondary battery, comprising:

a negative electrode made of a material which can be
alloyed with lithium:;

a positive electrode made of a transition metal oxide
capable of reversibly intercalating and deintercalating
lithium and configured to have an entire reversible
lithium storage capacity greater than a lithtum capacity
dischargeable from the positive electrode; and

a lithrum layer formed on a surface of the negative elec-
trode or the positive electrode or both.
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2. The lithium secondary battery of claim 1, wherein the
lithium layer satisfies an Equation below.

S<L=S8+41

where S=a lithium storage capacity of the positive elec-
trode—a capacity of lithium 1nitially included in the posi-
tive electrode, L. 1s an amount of lithtum within the
lithium layer, and I 1s an 1nitial irreversible consumption
capacity 1n the negative electrode.

3. The Iithium secondary battery of claim 1, wherein after
the lithium secondary battery 1s initially activated and
charged, lithium of a metal form does not remain in the
clectrode surface.

4. The lithium secondary battery of claim 1, wherein the
material which can be alloyed with lithtum has a capacity per
unit weight of 700 mAh/g to 4300 mAh/g.

5. The lithium secondary battery of claim 1, wherein the
lithium layer 1s formed using a method of compressing a
metal foil on the electrode surface, a method of depositing
metal lithium on the electrode surface, or a method of dis-
persing and coating particles, including an excessive amount
of metal lithium, together with a specific binder polymer on
the electrode suriace.

6. The lithium secondary battery of claim 1, wherein the
lithium layer has weight per unit area is 0.3 mg/cm” to 0.8
mg/cm”.

7. The lithium secondary battery of claim 1, wherein the
material which can be alloyed with lithium includes one or
more selected from a group comprising Si, Sn, and Al; an
alloy 1n which the atomic fraction of the element(s) 1s 50% or
more; or an oxide of them.

8. The lithium secondary battery of claim 1, wherein an
initial irreversible capacity of the negative electrode 1s 40% or
less of a reversible capacity.

9. The lithium secondary battery of claim 1, wherein the
transition metal oxide includes one or more selected from a
group comprising MnO,, MoO,, VO,, V0., V.0, ,, Cr 0,
and CrQO,.

10. A negative electrode for a lithium secondary battery,
comprising;

a current collection plate;

an active material layer for the negative electrode, included

in one or both sides of the current collection plate and
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made ol a material which can be alloyed with lithium
having a capacity per unit weight of 700 mAh/g to 4300
mAh/g; and
a lithium layer formed on the active material layer.
11. The negative electrode of claim 10, wherein the lithtum
layer satisfies an Equation below.

S<[=5+1

where S=a lithium storage capacity of a positive elec-
trode—a capacity of lithium 1nitially included 1n the posi-
tive electrode, I 1s an amount of lithium within the
lithium layer, and I 1s an 1nitial irreversible consumption
capacity 1n the negative electrode.

12. A positive electrode for a lithium secondary battery,

comprising:

a current collection plate;

an active maternal layer for the positive electrode, included
in one or both sides of the current collection plate and
made of a transition metal oxide, not including lithium
and enabling lithtum intercalation and deintercalation, a
transition metal oxide including lithtum, or a mixture of
them; and

a lithium layer formed on the active material layer.

13. The positive electrode of claim 12, wherein the lithtum
layer satisfies an Equation below.

S<[=5+1

where S=a lithium storage capacity of the positive elec-
trode—a capacity of lithtum initially included in the posi-
tive electrode, L. 1s an amount of lithium within the
lithium layer, and 1 1s an 1nitial irreversible consumption
capacity 1n a negative electrode.

14. A method of manufacturing electrodes for a lithium

secondary battery, the method comprising the step of:

forming a lithium layer using a method of coating an elec-
trode active material on an electrode current collection
plate and compressing a metal foil on the electrode
active material, a method of depositing metal lithium, or
a method of dispersing and coating particles, including,
an excessive amount of metal lithium, together with a
binder polymer.
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