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1
CONDUCTIVE MATERIAL FOR LITHIUM
SECONDARY BATTERY AND ELECTRODE
FOR LITHIUM SECONDARY BATTERY
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation of International
Application No. PCT/KR2014/004842 filed on May 30,
2014, which claims the benefit of Korean Patent Application
No. 10-2013-0062102 filed on May 30, 2013, the disclo-
sures of which are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a conductive material for
a lithium secondary battery and an electrode for a lithium
secondary battery including the same.

BACKGROUND ART

According to the rapid miniaturization, weight lightening
and high performance establishment of electronic products,
electronic equipments, and communication equipments, the
performance improvement of a lithium secondary battery
used as the power source thereof is greatly required.

A lithium secondary battery includes a cathode including
an electrode active material, a binder and a conductive
material as main components, an anode, a separator disposed
between the cathode and the anode, and an electrolyte.

In the anode, since a carbon-based material as the elec-
trode active material has high conductivity in itself, the
carbon-based material may play the role of the conductive
material at the same time. However, according to the prog-
ress of charging and discharging, an anode active material
may react with lithium ions, and an electron moving path
may become unstable. To supplement this defect, a separate
conductive material is additionally necessary.

As described above, the basic performance of a lithium
secondary battery is dependent greatly on the properties of
a material such as an electrode active material, a conductive
material, etc.

Particularly, a conductive material plays the role of
improving electrical conductivity between electrode active
materials, or an electrode active material and a current
collector. In the case that the amount of the conductive
material is insufficient, or the role thereof is improperly
conducted, unreacted portion in the electrode active material
may increase, and battery capacity may decrease. In addi-
tion, high speed charging and discharging properties, high-
rate charging and discharging efficiency and initial charging
and discharging efficiency may be negatively influenced.

Generally, a dot type conductive material such as acety-
lene black or carbon black has been used as the conductive
material, however in this case, high-rate discharging prop-
erties and initial charging and discharging efficiency are low,
and the loss of an electrode active material may be gener-
ated.

Accordingly, the development of a conductive material
for a secondary battery for improving charging and discharg-
ing efficiency, etc. is urgently needed.

DISCLOSURE OF THE INVENTION
Technical Problem

An aspect of the present invention is to solve the above-
described defects and to provide a conductive material for a
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2

lithium secondary battery having highly improving effect of
conductivity and a method of manufacturing the same.

Another aspect of the present invention is to provide an
electrode for a secondary battery including the conductive
material.

Another aspect of the present invention is to provide a
lithium secondary battery including the electrode for a
secondary battery and having improved cycle life charac-
teristics.

Technical Solution

According to an aspect of the present invention, there is
provided a conductive material for a secondary battery
including a pitch coated graphene sheet.

According to another aspect of the present invention,
there is provided a method of manufacturing a conductive
material of a secondary battery including forming a pure
graphene sheet; mixing the graphene sheet and coal-based
pitch; and baking the mixture thus obtained at a high
temperature to manufacture a pitch coated graphene sheet.

According to another aspect of the present invention,
there is provided an electrode for a secondary battery
including a current collector, and an electrode active mate-
rial layer coated on the current collector, wherein the elec-
trode active material layer comprises an electrode active
material, the conductive material for a secondary battery
according to the present invention, and a binder

According to another aspect of the present invention,
there is provided a lithium secondary battery including a
cathode, an anode, a separator disposed between the cathode
and the anode, and an electrolyte, wherein one of the cathode
and the anode includes the electrode according to the present
invention.

Advantageous Effects

According to the present invention, an electrode including
a pitch coated graphene sheet as a conductive material is
provided, and a secondary battery having improved cycle
safety and cycle life characteristics may be manufactured.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the inventive concept, and are
incorporated in and constitute a part of this specification.
The inventive concept may, however, should not be con-
strued as limited to the accompanying drawings.

FIG. 1 is illustrated for explaining a method of manufac-
turing an electrode for a secondary battery according to the
present invention; and

FIG. 2 is a graph illustrating capacity measured according
to the cycle number of secondary batteries manufactured in
an example of the present invention and comparative
examples.

MODE FOR CARRYING OUT THE INVENTION

Hereinafter, exemplary embodiments of the present
invention will be described in more detail to assist the
understanding of the present invention. The embodiments
are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the inventive
concept to those skilled in the art. It will be understood that
terms, such as those defined in commonly used dictionaries,
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should be interpreted as having a meaning that is consistent
with their meaning in the context of the relevant art.

Recently, to improve electrical conductivity between
active materials or between an active material and a current
collector during manufacturing a lithium secondary battery,
researches on using graphene capable of self-expressing
capacity as a conductive material, and having a large con-
tacting area of an active material with a current collector and
great moving path of electrons are conducted. However, the
graphene has not much improving effect of the conductivity
when compared to a commonly used dot type conductive
material such as carbon black and exposes a great portion of
sides. Thus, the reactivity with an electrolyte is high, and the
life characteristics of a secondary battery are deteriorated.

Thus, a conductive material for a secondary battery hav-
ing increased conductivity by improving the defects of the
graphene is provided in the present invention.

Particularly, in an embodiment of the present invention, a
conductive material for a secondary battery including a pitch
coated graphene sheet is provided.

The pitch includes coal-based pitch and is included by
about 6 to 15 wt % based on the total amount of the
conductive material for a secondary battery. In the case that
the amount of the pitch in the conductive material for a
secondary battery is less than 6 wt %, the edge portion of the
surface of the graphene sheet may be partially exposed, and
the improving effect of conductivity may not be obtained. In
the case that the amount of the pitch is greater than 15 wt %,
an excessive amount of amorphous carbon layer is included,
and the deterioration of the capacity of the electrode active
material may occur. Particularly, the coal-based pitch may
be included by about 10 wt % based on the total amount of
the conductive material for a secondary battery.

In addition, in the conductive material for a secondary
battery according to the present invention, the graphene
sheet is preferably a graphene sheet of a single layer
separated from graphite by conducting a chemical exfolia-
tion process.

In addition, the coal-based pitch may be a coated type on
the whole surface or on a portion of the graphene sheet.

In addition, in an embodiment of the present invention, a
method of preparing a conductive material for a secondary
battery including: preparing a pure graphene sheet; mixing
the graphene sheet and coal-based pitch; and baking the
mixture thus obtained at a high temperature to manufacture
a pitch coated graphene sheet, is provided.

In the above-described method, the pure graphene sheet
may be formed by a common method including forming
graphene oxide from graphite, exfoliating a graphene sheet
and reducing using a reducing agent (See J. Am. Chem. Soc.
1958, 80(6), 1339 and Carbon 2007, 45, 1558). The com-
monly manufactured graphene oxide sheet may include a
large amount of oxygen and may have low conductivity, and
so, the exfoliated graphene oxide sheet having a single layer
from the graphite may be heat treated under a mixture gas
atmosphere of Ar/H, to remove the oxygen included in the
graphene sheet. In this case, the heat treating may be
preferably conducted at about 1,100° C., and may be con-
ducted at a lower temperature.

In the method of the present invention, the pitch coating
layer may be a coated type on the whole surface or a portion
of the graphene sheet.

In addition, the baking at the high temperature may be
conducted by mixing the graphene sheet with the pitch,
maintaining the mixture at around the softening temperature
of the pitch of 250° C. for 3 hours under an air atmosphere,
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increasing the temperature at a rate of 2° C./min to 1,150°
C. under a nitrogen atmosphere, and baking at 1,150° C. for
5 hours for carbonization.

Meanwhile, in the graphene sheet coating step, a coating
material commonly used for coating the surface of an active
material, an amorphous carbon material such as heavy oil,
etc., that may not induce a side reaction with an electrolyte,
may be used other than the pitch for the coating.

As described above, petroleum-based pitch is coated on
the graphene sheet of a single layer, and the pitch-coated
graphene sheet is used as a conductive material in the
present invention. Thus, the exposing area of the graphene
sheet commonly used may be decreased, and the side
reaction with the electrolyte may be prevented. In addition,
energy density per area may be increased to increase the
conductivity. Particularly, since the pitch coated graphene
sheet may play the roles of the conductive material and the
active material at the same time, the energy density of a
secondary battery may be increased to improve the life
characteristics.

In addition, in a preferred embodiment of the present
invention, an electrode for a secondary battery including a
current collector, and an electrode active material layer
coated on the current collector, wherein the electrode active
material layer comprises an electrode active material 11, a
conductive material 13 according to the present invention,
and a binder (not shown), is provided (See FIG. 1).

In this case, the electrode of the present invention may be
a cathode or an anode.

Particularly, in the electrode for a secondary battery of the
present invention, the current collector may be any one that
may not induce the chemical change of a battery and has
conductivity without specific limitation, for example, cop-
per, stainless steel, aluminum, nickel, titanium, baked car-
bon, surface treated copper or stainless steel with carbon,
nickel, titanium, silver, etc., an aluminum-cadmium alloy,
etc. In addition, various shapes including a film, a sheet, a
foil, a net, a porous material, a foamed material, a non-
woven fabric, etc. including minute embossing formed on
the surface thereof may be used.

In addition, the electrode active material may be a single
material or a mixture of two or more selected from the group
consisting of a lithium containing titanium complex oxide
(LTO) that may absorb and release lithium ions, carbon and
graphite materials such as natural graphite, synthetic graph-
ite, expanded graphite, carbon fiber, non-graphitizable car-
bons, carbon black, carbon nanotube, fullerene, activated
carbon, etc., a metal oxide (MeOx) of a metal (Me) such as
Al, Si, Sn, Ag, Bi, Mg, Zn, In, Ge, Pb, Pd, Pt, Ti, etc.,
capable of forming an alloy with lithium. More particularly,
the electrode active material may be spherical natural graph-
ite, for example, amorphous and coated spherical natural
graphite.

In addition, the binder is a component assisting the
bonding of the active material and the conductive material
and the bonding to the current collector, and is generally
included by 1 to 20 wt % based on the total amount of the
electrode active material. The binder may include polyvi-
nylidene fluoride (PVdF), polyvinyl alcohol, carboxymethyl
cellulose (CMC), starch, hydroxypropyl cellulose, regener-
ated cellulose, polyvinylpyrrolidone, tetrafluoroethylene,
polyethylene, polypropylene, an ethylene-propylene-diene
polymer (EPDM), sulfonated-EPDM, styrene-butadiene
rubber (SBR), fluorine rubber, diverse copolymers thereof.

The conductive material of the present invention may be
included by 1 to 15 wt % based on the total amount of the
electrode active material to improve the conductivity of the
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active material. In the case that the amount of the conductive
material is less than 1 wt %, the life characteristics may be
deteriorated during cycling for a long time. In the case that
the amount exceeds 15 wt %, more binder is necessary
during manufacturing a slurry, and so, the amount of the
active material is relatively decreased, and capacity may be
lowered.

In addition, in an embodiment of the present invention, a
lithium secondary battery including a cathode, an anode, a
separator disposed between the cathode and the anode, and
an electrolyte, wherein one of the cathode and the anode
includes the electrode according to the present invention, is
provided.

Hereinafter, the present invention will be explained in
more detail through examples and comparative examples.
The present invention may, however, be embodied in dif-
ferent forms and should not be construed as limited to the
embodiments set forth herein.

EXAMPLES

Preparation Example 1: Manufacture of Pitch
Coated Graphene

A pure graphene sheet (90 wt %) separated from graphite
and coal-based pitch (10 wt %) were mixed and maintained
at 250° C., which is a round the softening point of the pitch,
for 3 hours under an air atmosphere. The temperature was
increased at a rate of 2° C./min to 1,150° C. under a nitrogen
atmosphere, and baking was conducted at 1,150° C. for 5
hours for carbonization to manufacture a pitch coated gra-
phene sheet.

Example 1

91 wt % of LiCo0O,, 6 wt % of graphite as a conductive
material, and 3 wt % of PVdF as a binder were mixed, and
the mixture thus obtained was dispersed in N-methyl-2-
pyrrolidone (NMP) to manufacture a slurry for a cathode.
The slurry was coated on one side of an aluminum thin film,
i.e., a cathode collector, dried and compression molded
using a roller press to manufacture a cathode.

Then, 95% of spherical shaped natural graphite, 4% of
CMC+SBR as a binder, and 1% of the pitch coated graphene
sheet according to the Preparation Example 1 as a conduc-
tive material were dispersed in H,O to manufacture a slurry
for an anode. The slurry was coated on one side of a copper
(Cu) thin film, i.e., an anode collector, and compression
molded using a roller press to manufacture an anode.

After that, a polyolefin-based separator was disposed
between the cathode and the anode to fabricate an electrode
assembly. An electrolyte obtained by dissolving 1 M LiPF
solute in a mixture solvent of ethylene carbonate (EC) and
dimethyl carbonate (DMC) by a volume ratio of 1:1 was
injected into the electrode assembly to manufacture a coin
full-cell.

Comparative Example 1

An anode, a cathode and a coin full-cell were manufac-
tured by conducting the same procedure explained in
Example 1 except for using a common graphene sheet as the
conductive material for the anode.
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Comparative Example 2

An anode, a cathode and a coin full-cell were manufac-
tured by conducting the same procedure explained in
Example 1 except for using carbon black as the conductive
material for the anode.

Experimental Example 1

The coin full cells manufactured in Example 1, and
Comparative Examples 1 and 2, were charged by 0.1 C and
discharged by 0.1 C for initial 3 cycles and charged and
discharged by 1 C/1 C for the next 97 cycles. In this case,
the charging was conducted by a CC-CV mode (0.005 C cut
off), and the discharging was conducted by a CC mode.
Charging and discharging voltage section was 2.5 to 4.2 V.
Normalized capacity according to cycle number, that is,
capacity life characteristics are illustrated in FIG. 2.

Referring to FIG. 2, cell performance was the best for the
cell manufactured in Comparative Example 1 using a com-
mon graphene as the conductive material for the initial time
period of charging and discharging. However, as the cycle
proceeds, the cell performance of the cell manufactured in
Example 1 using the pitch coated graphene sheet according
to the present invention as the conductive material was the
best.

While this invention has been particularly shown and
described with reference to preferred embodiments thereof
and drawings, it will be understood by those skilled in the art
that various changes in form and details may be made
therein without departing from the spirit and scope of the
invention as defined by the appended claims.

The invention claimed is:

1. A method of manufacturing a secondary battery con-
taining a pitch coated graphene sheet as a conductive
material in an anode of the secondary battery, the method
comprising:

forming a pure graphene sheet;

mixing the graphene sheet and the coal-based pitch to

form a mixture consisting of the graphene sheet and the
coal-based pitch;

baking the mixture at a high temperature to manufacture

the pitch coated graphene sheet, wherein the baking at
the high temperature is conducted by maintaining at
250° C. for 3 hours under an air atmosphere, increasing
the temperature at a rate of 2° C./min to 1,150° C. under
a nitrogen atmosphere, and baking at 1,150° C. for 5
hours for carbonization to form the pitch coated gra-
phene sheet; and

making an anode slurry comprising an anode active

material, a binder and a conductive material wherein
the conductive material consists of the pitch coated
graphene sheet,

wherein the pitch coated graphene sheet is included in an

amount of 1 to 15 wt % based on a total amount of the
anode active material in the anode slurry,

wherein the pitch is included in an amount of 6 to 15 wt

% based on a total amount of the conductive material
for the secondary battery.

2. The method of claim 1, wherein the pure graphene
sheet is a graphene sheet of a single layer separated from
graphite through a chemical exfoliating process.

3. The method of claim 2, wherein the forming of the
graphene sheet comprises heat treating the separated gra-
phene sheet under an Ar/H, mixture gas atmosphere to
remove oxygen in the graphene sheet.
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4. The method of claim 1, wherein the amount of pitch
included is 6 to 10 wt % based on the total amount of the
conductive material for the secondary battery.
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