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Description

BACKGROUND

1. Field of the Invention

[0001] The present invention relates to a method of
preparing a complex of transition metal oxide and carbon
nanotube (CNT) and a complex prepared thereby, and
more particularly, to a complex of transition metal oxide
and CNT, which can be used as an electrode material
for a lithium secondary battery, and a method of preparing
the same.

2. Discussion of Related Art

[0002] In recent years, according to the development
of portable electronic devices, such as mobile phones,
laptop computers and camcorders, the demand for com-
pact secondary batteries, such as nickel-hydrogen sec-
ondary battery and lithium secondary battery, is increas-
ing. Particularly, the lithium secondary battery using lith-
ium and non-aqueous solvent electrolyte has a high
chance to be implemented as a compact, light-weight
and high energy density battery, and thus research on
this technology is actively progressing.
[0003] Generally, the lithium secondary battery is con-
figured using a transition metal oxide such as LiCoO2,
LiNiO2 or LiMn2O4 as a cathode material, lithium metal
or carbon as an anode material, and an organic solvent
containing a lithium ion as an electrolyte between the two
electrodes. However, a lithium secondary battery using
lithium metal as an anode easily produces crystals on a
resin when charging and discharging are repeated and
therefore is at high risk for short circuit. Accordingly, a
lithium secondary battery using a carbonated or graphi-
tized carbon material as an anode material, and a non-
aqueous solvent containing a lithium ion as an electrolyte
is practically used.
[0004] However, since a carbon-based anode material
has high irreversible capacity, initial charge/discharge ef-
ficiency and capacity are reduced. Accordingly, in recent
years, research on a transition metal oxide as an anode
material for a lithium secondary battery has been actively
conducted. However, when an electrode is manufactured
with a transition metal oxide, carbon particle, such as
carbon black used as a conductive material, is difficult to
uniformly mix due to the size of the particle itself and is
necessarily added in a large amount to enhance electric
conductivity. Therefore, the ratio of an electrode active
material based on total weight of the electrode material
is reduced, and the amount of conductive material not
participating in the electrochemical reaction is increased,
which serve to decrease capacitance.
[0005] In a complex of transition metal oxide and CNT,
since the CNT has a quasi-one-dimensional quantum
structure, various specific quantum phenomena in low
dimension are observed, the CNT has excellent dynamic

firmness, chemical stability and thermal conductivity, and
the unique characteristics in which the CNT has charac-
teristics of a conductor or semiconductor depends on its
structure. When the transition metal oxide is attached to
the CNT, excellent material characteristics of the CNT
may be improved, and the transition metal oxide may
serve as a conductive path. Here, nanotization and dis-
tribution control of the transition metal oxides on the CNT
are essential to increase the specific surface area of the
oxide.
[0006] However, a conventional method of preparing
a complex of transition metal oxide and CNT essentially
includes a step of treating the surface of the CNT with
an acid before coating the transition metal oxide. This is
because CNT powder is difficult to disperse in a solvent,
since the particle surface of the CNT powder that does
not undergoing acid treatment is hydrophobic. However,
the acid treatment serves as a cause of temporal/eco-
nomical limitations in terms of practical application and
further induces damage to the structure of the CNT at a
growing state.
[0007] Meanwhile, in recent years, as an anode mate-
rial for a lithium ion battery, Li4Ti5O12 having a spinel
structure has attracted attention, since the material is less
altered in volume during charge/discharge and thus has
various advantages, such as having a stable lifespan (life
cycle) for a long time, preventing the decrease in elec-
trolyte on the surface of the electrode, etc. However, the
conventional Li4Ti5O12 having a spinel structure is diffi-
cult to nanotize due to limitation in preparation and has
poor capacity and rate capability when used as an anode
material for a lithium battery. In addition, since it takes a
long time (e.g., 24 hours) to synthesize the material, the
material has many problems to predetermine to be prac-
tically applied to a lithium secondary battery. Therefore,
means to solve these problems are required.

SUMMARY OF THE INVENTION

[0008] The present invention is directed to providing a
method of preparing a complex of transition metal oxide
and CNT, in which the transition metal oxide used as a
material for an electrode of a lithium secondary battery
may be uniformly formed on the surface of the CNT in
the size of a nanoparticle, and a complex prepared there-
by.
[0009] The present invention is further directed to pro-
viding a method of preparing a complex of transition metal
oxide and CNT, in which the transition metal oxide may
be uniformly formed on the surface of the CNT complex
in the size of a nanoparticle without acid treatment of the
surface of the CNT, and a complex prepared thereby.
[0010] The present invention is further directed to pro-
viding a method of preparing a complex of transition metal
oxide and CNT, in which the transition metal oxide may
be uniformly formed on the surface of the CNT complex
in the size of a nanoparticle for a short time, and a com-
plex prepared thereby.
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[0011] The present invention is further directed to pro-
viding an anode material for a lithium secondary battery
providing high capacity and rate capability since it is in-
cluded in the form of the complex, and a lithium second-
ary battery including an electrode having the anode ma-
terial.
[0012] In one aspect, the method of preparing a com-
plex of transition metal oxide and CNT may include (a)
a step in preparing a dispersion by dispersing CNT pow-
der in a solvent, (b) a step in preparing a mixed solution
of the dispersion with a transition metal salt, and (c) a
step in synthesizing the complex of transition metal oxide
and CNT by applying microwave to the mixed solution.
[0013] In another aspect, a complex of lithium titanium
oxide (Li4Ti5O12) having a spinel structure and CNT may
include CNT and lithium titanium oxide (Li4Ti5O12) having
a spinel structure stacked on the surface of the CNT.
[0014] In still another aspect, an anode material for a
lithium secondary battery may include the complex of
lithium titanium oxide (Li4Ti5O12) having a spinel struc-
ture and CNT according to the present invention.
[0015] In yet another aspect, a lithium secondary bat-
tery may include an electrode having the anode material
for a lithium secondary battery according to the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above and other objects, features and ad-
vantages of the present invention will become more ap-
parent to those of ordinary skill in the art by describing
in detail exemplary embodiments thereof with reference
to the adhered drawings, in which:

FIG. 1 is a flowchart of a process of preparing a com-
plex of titanium oxide (TiO2) and CNT according to
an exemplary embodiment of the present invention;
FIG. 2 is a graph of analysis of X-ray diffraction (XRD)
which can identify the titanium oxide in the complex
of titanium oxide (TiO2) and CNT prepared according
to the exemplary embodiment of the present inven-
tion;
FIG. 3 is field emission transmission electron micro-
scopy (FETEM) images of the complex of titanium
oxide (TiO2) and CNT prepared according to the ex-
emplary embodiment of the present invention;
FIG. 4 is a flowchart of a process of preparing a com-
plex of iron oxide (Fe3O4) and CNT according to an-
other exemplary embodiment of the present inven-
tion;
FIG. 5 is a graph of analysis of XRD which can iden-
tify the iron oxide in the complex of iron oxide (Fe3O4)
and CNT prepared according to another exemplary
embodiment of the present invention;
FIG. 6 is FETEM images of the complex of iron oxide
(Fe3O4) and CNT prepared according to another ex-
emplary embodiment of the present invention;
FIG. 7 is a flowchart of a process of preparing a com-

plex of lithium titanium oxide (Li4Ti5O12) having a
spinel structure and CNT according to still another
exemplary embodiment of the present invention;
FIG. 8 is a graph of analysis of XRD which can iden-
tify the lithium titanium oxide in the complex of lithium
titanium oxide (Li4Ti5O12) having a spinel structure
and CNT prepared according to still another exem-
plary embodiment of the present invention;
FIG. 9 is a graph showing results of Raman analysis
which can identify the lithium titanium oxide in the
complex of lithium titanium oxide (Li4Ti5O12) having
a spinel structure and CNT prepared according to
still another exemplary embodiment of the present
invention;
FIG. 10 is FETEM images of the complex of lithium
titanium oxide (Li4Ti5O12) having a spinel structure
and CNT prepared according to still another exem-
plary embodiment of the present invention;
FIG. 11 is a flowchart of a process of preparing a
complex of ruthenium oxide (RuO2) and CNT ac-
cording to yet another exemplary embodiment of the
present invention;
FIG. 12 is an FETEM image of the complex of ruthe-
nium oxide (RuO2) and CNT prepared according to
yet another exemplary embodiment of the present
invention;
FIG. 13 is a graph showing results of Raman analysis
which can identify the ruthenium oxide in the com-
plex of ruthenium oxide (RuO2) and CNT prepared
according to yet another exemplary embodiment of
the present invention;
FIG. 14 is a graph of a capacity of an active material
per unit weight of an electrode, which is obtained
through evaluation of charge and discharge capacity
characteristics; and
FIG. 15 is a graph of a lifespan characteristic of the
complex of lithium titanium oxide (Li4Ti5O12) having
a spinel structure and CNT prepared according to
an exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0017] Hereinafter, the present invention will be de-
scribed in detail with reference to examples according to
the present invention and Comparative Examples, but
the scope of the present invention is not limited to the
following examples.
[0018] The present invention relates to a method of
preparing a complex of transition metal oxide and CNT,
including (a) a step in preparing a dispersion by dispers-
ing CNT powder in a solvent, (b) a step in preparing a
mixed solution of the dispersion with a transition metal
salt, and (c) a step in synthesizing the complex of tran-
sition metal oxide and CNT by applying microwave to the
mixed solution.
[0019] Hereinafter, the method of preparing a complex
of transition metal oxide and CNT according to the
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present invention will be described in detail.
[0020] The method of preparing a complex of transition
metal oxide and CNT according to the present invention
may include operation (a). In operation (a), CNT powder
is dispersed in a solvent.
[0021] In operation (a) of the present invention, the
CNT powder includes single-wall CNT powder and multi-
wall CNT powder, but the type of CNT powder is not
particularly limited.
[0022] In operation (a) of the present invention, a meth-
od of dispersing the CNT powder in a solvent is not par-
ticularly limited, and thus the CNT powder may be dis-
posed in a solvent by treating ultrasonic waves or simply
stirring. Preferably, the CNT powder is uniformly dis-
persed in a solvent by treating it with ultrasonic waves.
[0023] In operation (a) of the present invention, the kind
of solvent in which the CNT powder is dispersed is not
particularly limited. The solvent may be at least one se-
lected from the group consisting of distilled water, ethanol
and ethyleneglycol, but preferably distilled water.
[0024] The method of preparing a complex of transition
metal oxide and CNT according to the present invention
may include operation (b). In operation (b), the dispersion
prepared in operation (a) is mixed with a transition metal
salt.
[0025] In operation (b) of the present invention, the kind
of transition metal salt is not particularly limited, and the
transition metal salt is preferably titanium salt, iron salt,
ruthenium salt or lithium salt.
[0026] In the present invention, the amount of stacking
transition metal oxide on the surface of the CNT may be
adjusted by controlling the concentration of the transition
metal salt mixed with the dispersion in operation (b).
[0027] In operation (b) of the present invention, to ad-
just the pH of the mixed solution of the dispersion and
the transition metal salt, a pH adjuster may be further
mixed. The kind of pH adjuster used is not particularly
limited, and thus the pH adjuster may be at least one
selected from the group consisting of distilled water, am-
monia, urea, sodium hydroxide and potassium hydrox-
ide.
[0028] In operation (b) of the present invention, stirring
may be performed to uniformly dissolve the transition
metal salt in the prepared mixed solution.
[0029] The method of preparing a complex of transition
metal oxide and CNT according to the present invention
may include operation (c). In operation (c), a complex of
transition metal oxide and CNT may be synthesized by
applying microwave to the mixed solution prepared
through operation (b).
[0030] In operation (c) of the present invention, when
the microwave is applied to the mixed solution, all of the
mixed solution may be uniformly and rapidly heated. In
the present invention, as described above, the time to
synthesize the complex may be considerably reduced by
using microwave as the means for heating the mixed
solution.
[0031] In operation (c) of the present invention, as the

microwave is applied to the mixed solution, free electrons
present in the CNT may accelerate absorption of the mi-
crowave. As the free electrons in the CNT are acceler-
ated, a carbon lattice in the CNT may also rapidly vibrate,
and thus the CNT may be relatively heated to a higher
temperature than the peripheral materials of the CNT in
the mixed solution. As a result, in an atmosphere of heat-
ing the mixed solution according to the application of mi-
crowave, nuclear generation of the transition metal oxide
on the surface of CNT may be stimulated, and selected
non-uniform nuclear generation growth may be induced.
Therefore, the transition metal salt in the mixed solution
may be uniformly and rapidly formed in the size of a na-
noparticle on the surface of the CNT in the form of tran-
sition metal oxide according to the above-described proc-
ess.
[0032] In addition, in operation (c), when the micro-
wave is applied to the mixed solution, it is preferable that
the microwave only serves to heat the mixed solution,
not to break bonds in the molecular structure of the sol-
vent. Accordingly, in operation (c), the microwave may
have a frequency to such an extent that energy thereof
does not break the molecular structure of the solvent in
the mixed solution. The frequency of the microwave may
be 2.45 to 60 GHz. For example, in the preparation meth-
od of the present invention, when distilled water is used
as a dispersion solvent, chemical bonding energy of a
water molecule may be approximately 0.21 eV, and
quantum energy of the microwave at 2.45 GHz may be
approximately 0.0016 eV. Therefore, energy applied by
the 2.45 GHz microwave may just heat the mixed solu-
tion, but may have no influence on molecular bonding in
the distilled water used as the dispersion solvent.
[0033] In addition, in operation (c) of the present inven-
tion, the microwave may be applied to the mixed solution
for 10 to 30 minutes. When the microwave is applied for
less than 10 minutes, the mixed solution may be barely
heated, and thus nanoparticles of the transition metal
oxide may not be sufficiently formed on the surface of
the CNT. When the microwave is applied for more than
30 minutes, the size of the nanoparticle of the transition
metal oxide formed on the surface of the CNT is in-
creased to 30 nm or more, and thus the particles may be
non-uniform.
[0034] In operation (c) of the present invention, hydro-
thermal synthesis, i.e., the process of changing the tran-
sition metal salt present in the mixed solution into a tran-
sition metal oxide, may be performed at boiling point or
at a higher temperature of the mixed solution.
[0035] In operation (c) of the present invention, the size
of the particle of the transition metal oxide formed on the
surface of the CNT may be 2 to 30 nm.
[0036] The method of preparing a complex of transition
metal oxide and CNT according to the present invention
may further include operation (d). In operation (d), the
complex of transition metal oxide and CNT synthesized
through operation (c) is cleaned and dried.
[0037] In operation (d) of the present invention, the
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complex may be cleaned with at least one cleaning so-
lution selected from the group consisting of ethanol,
methanol, propanol, acetone and deionized water. The
cleaning of the complex may be repeated until all of the
solvent and impurites remaining in the prepared complex
of transition metal oxide and CNT are removed.
[0038] In operation (d) of the present invention, after
cleaning the complex, the complex may be dried, and
here, the drying method is not particularly limited. Any
method generally used in the art may be employed with-
out limitation, and for example, the drying may be per-
formed at room temperature to 70 °C.
[0039] The kind of the complex of transition metal oxide
and CNT prepared by the preparation method of the
present invention may include, but is not particularly lim-
ited to, at least one selected from the group consisting
of a complex of titanium oxide (TiO2) and CNT, a complex
of iron oxide (Fe3O4) and CNT, a complex of ruthenium
oxide (RuO2) and CNT, and a complex of lithium titanium
oxide and CNT.
[0040] A method of preparing the complex of lithium
titanium oxide and CNT according to the present inven-
tion may include: a step in preparing a dispersion by dis-
persing powder of the complex of titanium oxide and CNT
prepared according to the preparation method of the
present invention in a solvent; a step in preparing the
mixed solution by mixing the dispersion solution with a
lithium salt; and a step in synthesizing the complex of
lithium titanium oxide and CNT by applying microwave
in the mixed solution.
[0041] In the operation of dispersing the complex of
lithium titanium oxide and CNT in a solvent, the method
of dispersing the complex of titanium oxide and CNT in
a solvent and the kind of the dispersion solvent are the
same as described above.
[0042] The operation of mixing the dispersion with a
lithium salt may also be performed by the same method
as described above.
[0043] The operation of synthesizing the complex of
lithium titanium oxide and CNT by applying microwave
in the mixed solution may also be performed by the same
method as described above. That is, as the microwave
having a frequency of 2.45 to 60 GHz is applied to the
mixed solution for 10 to 30 minutes, the complex of lithium
titanium oxide and CNT may be synthesized.
[0044] In the complex of lithium titanium oxide and CNT
of the present invention, the particle size of the lithium
titanium oxide may be 5 to 30 nm.
[0045] In the present invention, the method of prepar-
ing the complex of lithium titanium oxide and CNT may
further include an heat-treating operation to the complex
of lithium titanium oxide and CNT in an argon atmosphere
including hydrogen to prepare a complex of lithium tita-
nium oxide (Li4Ti5O12) having a spinel structure and
CNT.
[0046] In the present invention, heat treatment may be
performed in a temperature range in which the nano
structure of the lithium titanium oxide may not be de-

stroyed, and the lithium titanium oxide may be changed
into lithium titanium oxide (Li4Ti5O12) having a spinel
structure. The heat treatment may be performed at a tem-
perature of 500 to 900 °C. When the temperature for the
heat treatment is less than 500 °C, the structural change
into the lithium titanium oxide (Li4Ti5O12) having a spinel
structure may not occur, and when the temperature for
the heat treatment is more than 900 °C, the lithium tita-
nium oxide is possibly changed into lithium titanium oxide
(e.g., Li2Ti3O7) having a different structure, not the lithium
titanium oxide (Li4Ti5O12) having a spinel structure, and
the particles may be condensed due to the increased
particle size.
[0047] The present invention also relates to a complex
of lithium titanium oxide (Li4Ti5O12) having a spinel struc-
ture and CNT, including the CNT and lithium titanium
oxide (Li4Ti5O12) having a spinel structure stacked on
the surface of the CNT.
[0048] In the complex of lithium titanium oxide
(Li4Ti5O12) having a spinel structure and CNT according
to the present invention, the particle size of the lithium
titanium oxide (Li4Ti5O12) having a spinel structure may
be 5 to 30 nm. In the complex of lithium titanium oxide
(Li4Ti5O12) having a spinel structure and CNT, the lithium
titanium oxide (Li4Ti5O12) having a spinel structure may
be stacked on the surface of the CNT in the form of a
nano-sized particle, and may have a large specific sur-
face area.
[0049] The method of preparing the complex of lithium
titanium oxide (Li4Ti5O12) having a spinel structure and
CNT is the same as described above.
[0050] The present invention also relates to an anode
material for a lithium secondary battery including the
complex of lithium titanium oxide (Li4Ti5O12) having a
spinel structure and CNT according to the present inven-
tion.
[0051] When the complex of lithium titanium oxide
(Li4Ti5O12) having a spinel structure and CNT is applied
to a lithium secondary battery, it may facilitate penetration
of an electrolyte and have excellent charge/discharge
characteristics. For these reasons, the complex may be
used as an anode material for a lithium secondary bat-
tery.
[0052] The anode material for the lithium secondary
battery according to the present invention may have a
capacity of 100 mAh/g at 50C-rate and may maintain a
value of discharge capacity of 95% or more of initial dis-
charge capacity after 100 cycles of discharging at 1C-
rate.
[0053] The present invention also relates to a lithium
secondary battery including an electrode having the elec-
trode material for a lithium secondary battery according
to the present invention.
[0054] The structure of the lithium secondary battery
according to the present invention is not particularly lim-
ited, and may employ a structure generally used in related
art without limitation, as long as it includes an electrode
having the anode material for a lithium secondary battery
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according to the present invention.
[0055] Hereinafter, the present invention will be de-
scribed in further detail with reference to examples ac-
cording to the present invention, but the scope of the
present invention is not limited to the following examples.

Example 1: Preparation of Complex of Titanium Oxide 
(TiO2) and CNT

[0056] To prepare a complex of Titanium Oxide (TiO2)
and CNT, a preparation process was performed as
shown in FIG. 1.

(1) Dispersion of CNT Powder

[0057] A CNT powder was prepared and mixed in a
solvent, distilled water. Afterward, the CNT powder was
uniformly dispersed by treatment of ultrasonic waves.

(2) Preparation of Mixed Solution of Dispersion and Ti-
tanium Salt

[0058] A dispersion solution in which the CNT was uni-
formly dispersed and a titanium salt were mixed and
stirred, thereby preparing a mixed solution for hydrother-
mal synthesis. The titanium salt was a tertiary titanium
(Ti4+) salt, which is called titanium ethoxide. As to be
described below, when the microwave is applied, the ti-
tanium salt may be easily educed from the solvent, dis-
tilled water, and then formed in the form of titanium oxide
on the surface of the CNT. When ethylene glycol is used
as the dispersion solvent, ethanol may be mixed to educe
the titanium salt.

(3) Application of Microwave to Mixed Solution

[0059] The prepared mixed solution was put in a mi-
crowave-synthesizing device to apply microwave having
a frequency of 2.45 GHz to the mixed solution at 200 °C
for 10 minutes, thereby preparing a complex of titanium
oxide and CNT on the surface of which the titanium oxide
was uniformly coated.

(4) Cleaning and Drying of Complex of Titanium Oxide 
and CNT

[0060] To remove the solvent and impurities, which re-
mained in the prepared complex of titanium and CNT,
the complex was cleaned several times using ethanol as
a cleaning solution and then dried at 70 °C.

Example 2: Preparation of Complex of Iron Oxide 
(Fe3O4) and CNT

[0061] To prepare a complex of iron oxide and CNT, a
preparation process was performed as shown in FIG. 4.
In detail, the complex of iron oxide and CNT was prepared
by the same method as described in Example 1, except

that, as a transition metal salt, an iron salt, instead of a
titanium salt, was used, and ammonia was further mixed
to the dispersion solution to adjust the pH. As the iron
salt, a mixture of FeCl2 and FeCl3 was used.

Example 3: Preparation of Complex of Lithium Titanium 
Oxide (Li4Ti5O12) having Spinel Structure and a CNT

[0062] To prepare a complex of lithium titanium oxide
(Li4Ti5O12) having a spinel structure and CNT, a prepa-
ration process was performed as shown in FIG. 4.

(1) Dispersion of Powder of Complex of Titanium Oxide 
(TiO2) and CNT

[0063] The powder of the complex of titanium oxide
and CNT prepared in Example 1 was prepared and mixed
in a solvent, distilled water. Afterward, the complex pow-
der was uniformly dispersed by treatment of ultrasonic
waves.

(2) Preparation of Dispersion Solution and Lithium Salt

[0064] 0.2M of lithium salt (LiOH) and lithium perchlo-
rate (LiClO4) were mixed and stirred in a dispersion so-
lution of the powder of the complex of titanium oxide and
CNT, thereby preparing a mixed solution for hydrother-
mal synthesis.

(3) Application of Microwave to Mixed Solution

[0065] This operation was performed by the same
method as described in Example 1. As a result, lithium
bound to the titanium oxide on the surface of the complex
of titanium oxide and CNT, thereby forming lithium tita-
nium oxide, and the lithium titanium oxide was selectively
and uniformly formed in the form of a nanoparticle on the
surface of the CNT.

(4) Cleaning and Drying of Complex of Lithium Titanium 
Oxide and CNT

[0066] This operation was performed by the same
method as described in Example 1.

(5) Heat Treatment of Complex of Lithium Titanium Oxide 
and CNT

[0067] Heat treatment was performed to the cleaned
and dried complex of lithium titanium oxide and CNT in
an atmosphere of argon including 5% hydrogen at 700
°C for approximately 5 hours, and the structural change
into lithium titanium oxide having a spinel structure oc-
curred without destruction of the nanostructure of the lith-
ium titanium oxide. As a result, a complex of lithium tita-
nium oxide having a spinel structure and CNT was pre-
pared.
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Example 4: Preparation of Complex of Ruthenium Oxide 
(RuO2) and CNT

[0068] To prepare a complex of ruthenium oxide and
CNT, a preparation process was performed as shown in
FIG. 11. In detail, the complex of ruthenium oxide and
CNT was prepared by the same method as described in
Example 1, except that, as a transition metal salt, a ru-
thenium salt instead of a titanium salt was used, and am-
monia was further mixed to the dispersion solution to
adjust the pH.

Example 5: Preparation of Half-Cell

[0069] To analyze electrochemical characteristics of
the complex of lithium titanium oxide having a spinel
structure and CNT, the complex of lithium titanium oxide
having a spinel structure and CNT was used as an anode
material to prepare a half-cell.
[0070] 80 parts by weight of the complex of lithium ti-
tanium oxide having a spinel structure and CNT prepared
in Example 3, 10 parts by weight of carbon black as a
conductor and 10 parts by weight of polyvinylidene fluo-
ride (PVDF) as a binder were mixed, and the mixture was
added to N-methyl-3-pyrolidone (NMP), thereby prepar-
ing an electrode slurry. Subsequently, 2 mg of the elec-
trode slurry was coated on a titanium current collector
and then dried. As a result, an electrode was prepared.
Lithium metals were used as a reference electrode and
a counter electrode, and 1M lithium perchlorate (LiClO4)
dissolved in polycarbonate was used as an electrolyte.

Experimental Example 1: Identification of Complex of 
Transition Metal Oxide/CNT

[0071] To identify the complexes of transition metal ox-
ide and CNT prepared in Examples 1 to 4, analysis of X-
ray diffraction (XRD) was performed.
[0072] FIGS. 2, 5 and 8 are, respectively, graphs show-
ing results for analyses of XRD with respect to the com-
plex of titanium oxide and CNT, the complex of iron oxide
and CNT, and the complex of lithium titanium oxide hav-
ing a spinel structure and CNT. As shown in FIGS. 2, 5
and 8, it is confirmed that the complex of titanium oxide
and CNT, the complex of iron oxide and CNT, and the
complex of lithium titanium oxide having a spinel struc-
ture and CNT were prepared according to the methods
of preparing transition metal oxide and CNT of the
present invention.
[0073] In addition, to identify the complexes of transi-
tion metal oxide and CNT prepared in Examples 3 and
4, Raman analysis was performed.
[0074] FIG. 9 shows Raman data for the complex of
lithium titanium oxide having a spinel structure and CNT,
and therefrom, it was confirmed that the lithium titanium
oxide having a spinel structure was formed on the surface
of the CNT by the preparation method of the present in-
vention.

[0075] FIG. 13 shows Raman data for the complex of
ruthenium oxide and CNT, and therefrom, it was con-
firmed that ruthenium oxide was formed on the surface
of the CNT by the preparation method of the present in-
vention.

Experimental Example 2: Identification of Complex of 
Transition Metal Oxide and CNT

[0076] To check types of the complexes of transition
metal oxide and CNT prepared in Examples 1 to 4, the
complexes were observed by FETEM.
[0077] FIG. 3 is FETEM images of the complex of tita-
nium oxide and CNT, and (b) is an enlarged image of (a).
As shown in FIG. 3, it can be seen that the titanium oxide
was uniformly formed on the surface of the CNT in the
form of a nanoparticle, and the shape of the particle was
spherical (particle diameter: 2 to 10 nm).
[0078] FIG. 6 is FETEM images of the complex of iron
oxide and CNT, and (b) is an enlarged image of (a). As
shown in FIG. 6, it can be seen that the iron oxide was
formed on the surface of the CNT in the form of a nano-
particle, and the shape of the particle was spherical (par-
ticle diameter: 2 to 10 nm).
[0079] FIG. 10 is FETEM images of lithium titanium
oxide having a spinel structure and CNT, and (b) is an
enlarged image of (a). As shown in FIG. 10, it can be
seen that the lithium titanium oxide having a spinel struc-
ture was uniformly formed on the surface of the CNT in
the form of a nanoparticle, and the shape of the particle
was spherical (particle diameter: 5 to 30 nm).
[0080] FIG. 12 is an FETEM image of the complex of
ruthenium oxide and CNT. As shown in FIG. 12, it can
be seen that ruthenium oxide was uniformly formed on
the surface of the CNT in the form of a nanoparticle, and
the shape of the particle was spherical (particle diameter:
2 to 10 nm).

Experimental Example 3: Evaluation of Electrochemi-
cal Characteristics of Half-Cell

[0081] In the half-cell prepared in Example 5, charge
and discharge capacity characteristics of an electrode
including the complex of lithium titanium oxide having a
spinel structure and CNT were evaluated. The voltage
range was adjusted to 1 to 3 V, and the charge/discharge
rate was changed from 1C-rate (1 hour) to 50C-rate (72
seconds).
[0082] FIG. 14 is a graph showing capacity of an active
material per unit weight of an electrode obtained through
evaluation of the charge and discharge capacity charac-
teristics. As shown in FIG. 14, it was confirmed that due
to the complex of lithium titanium oxide having a spinel
structure and CNT prepared according to the present in-
vention, the charge and discharge capacity characteris-
tics were enhanced, compared with the capacity value
reported in prior art. That is, the active material expressed
a theoretical capacity (175 mAh/g) at 1C-rate, and par-
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ticularly, had a capacity of approximately 100 mAh/g or
more, i.e., approximately 104 mAh/g even at 50C-rate,
which is a very large value, compared with the lithium
secondary battery reported in prior art. It shows that when
a lithium secondary battery was prepared using the com-
plex of lithium titanium oxide having a spinel structure
and CNT as an anode material, compared with the con-
ventional art, charge/discharge characteristics can be
significantly improved. It seems that such improvement
of the charge/discharge characteristics (capacity and
rate capability) was caused by the increase in specific
surface area due to the transition metal oxide formed on
the surface of the CNT in the form of a nanoparticle in
the complex prepared according to the present invention,
and enhancing conductivity due to the CNT.
[0083] FIG. 15 is a graph showing a lifespan charac-
teristic of the complex of lithium titanium oxide having a
spinel structure and CNT prepared according to the prep-
aration method of the present invention. As shown in FIG.
15, based on 1C-rate, it can be seen that a discharge
capacity value is approximately 95% or more, that is,
approximately 97% of an initial discharge capacity after
100 cycles, and based on 10C-rate, a discharge capacity
value is approximately 95% or more, that is, approximate-
ly 98% of an initial discharge capacity after 100 cycles.
[0084] According to a preparation method of the
present invention, a complex of transition metal oxide
and CNT can be synthesized for a short time, for exam-
ple, 10 to 30 minutes, and the transition metal oxide in
the complex of transition metal oxide and CNT prepared
by the preparation method of the present invention is
stacked on the surface of the CNT in the form of a nan-
oparticle, and thus charge/discharge characteristics of
the lithium secondary battery can be improved.
[0085] While the invention has been shown and de-
scribed with reference to certain exemplary embodi-
ments thereof, 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 scope of the
invention as defined by the appended claims.

Claims

1. A method of preparing a complex of lithium titanium
oxide having a spinel structure and carbon nanotube,
comprising:

(a) a step in preparing a dispersion by dispersing
powder of the complex of titanium oxide and car-
bon nanotube in distilled water; by treatment of
ultrasonic waves;
(b) a step in preparing the mixed solution by mix-
ing the dispersion with a lithium salt;
(c) a step in synthesizing the complex of lithium
titanium oxide and carbon nanotube by applying
microwave to the mixed solution,
wherein the titanium oxide is formed on the sur-

face of the carbon nanotube,
(d) a step in heat-treating the complex of lithium
titanium oxide and carbon nanotube in an argon
atmosphere including hydrogen at 500 to 900°C,
and
(e) a step in cleaning and drying the complex of
lithium titanium oxide and carbon nanotube.

2. The method according to Claim 1, wherein, in oper-
ation (b), a pH adjuster is further mixed.

3. The method according to Claim 2, wherein the pH
adjuster is at least one selected from the group con-
sisting of ammonia, distilled water, urea, sodium hy-
droxide and potassium hydroxide.

4. The method according to Claim 1, wherein, in oper-
ation (c), the microwave is applied for 10 to 30 min-
utes.

5. The method according to Claim 1, wherein, in oper-
ation (c), the application of the microwave is per-
formed at boiling point or at a higher temperature of
the mixed solution.

6. The method according to Claim 1, wherein, in oper-
ation (c), the transition metal oxide formed on the
surface of the carbon nanotube has a particle size
of 2 to 30 nm.

Patentansprüche

1. Herstellungsverfahren für einen Komplex aus Lithi-
umtitanoxid mit einer Spinell-Struktur und einer Koh-
lenstoffnanoröhre, umfassend:

(a) einen Schritt der Herstellung einer Dispersi-
on durch Dispergieren von Pulver des Komple-
xes aus Titanoxid und Kohlenstoffnanoröhre in
destilliertem Wasser durch Behandlung mit Ul-
traschallwellen;
(b) einen Schritt der Herstellung des Lösungs-
gemischs durch Mischen der Dispersion mit ei-
nem Lithiumsalz;
(c) einen Schritt der Synthetisierung des Kom-
plexes aus Lithiumtitanoxid und Kohlenstoffna-
noröhre durch Anwenden von Mikrowellen auf
das Lösungsgemisch, wobei das Titanoxid auf
der Oberfläche der Kohlenstoffnanoröhre gebil-
det wird,
(d) einen Schritt der Wärmebehandlung des
Komplexes aus Lithiumtitanoxid und Kohlen-
stoffnanoröhre in einer Argon-Atmosphäre ein-
schließlich Wasserstoff bei 500 bis 900°C, und
(e) einen Schritt der Reinigung und Trocknung
des Komplexes aus Lithiumtitanoxid und Koh-
lenstoffnanoröhre.
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2. Verfahren nach Anspruch 1, wobei in Arbeitsschritt
(b) ferner ein pH-Wert-Einstellmittel beigemischt
wird.

3. Verfahren nach Anspruch 2, wobei das pH-Wert-Ein-
stellmittel mindestens eines ist, ausgewählt aus der
Gruppe, bestehend aus Ammoniak, destilliertem
Wasser, Harnstoff, Natriumhydroxid und Kaliumhy-
droxid.

4. Verfahren nach Anspruch 1, wobei in Arbeitsschritt
(c) die Mikrowellen für 10 bis 30 Minuten angewen-
det werden.

5. Verfahren nach Anspruch 1, wobei in Arbeitsschritt
(c) die Anwendung von Mikrowellen am Siedepunkt
oder bei einer höheren Temperatur des Lösungsge-
mischs durchgeführt wird.

6. Verfahren nach Anspruch 1, wobei in Arbeitsschritt
(c) das auf der Oberfläche der Kohlenstoffnanoröhre
gebildete Übergangsmetalloxid eine Partikelgröße
von 2 bis 30 nm hat.

Revendications

1. Procédé de préparation d’un complexe d’oxyde de
lithium-titane ayant une structure spinelle et un na-
notube de carbone, comportant:

(a) une étape de préparation d’une dispersion
en dispersant de la poudre du complexe d’oxyde
de titane et de nanotube de carbone dans l’eau
distillée par le traitement avec des ondes ultra-
soniques;
(b) une étape de préparation de la solution mé-
langée en mélangeant la dispersion avec un sel
de lithium;
(c) une étape de synthétisation du complexe
d’oxyde de lithium-titane et du nanotube de car-
bone en appliquant des micro-ondes à la solu-
tion mélangée, dans lequel l’oxyde de titane est
formé sur la surface du nanotube de carbone,
(d) une étape de traitement thermique du com-
plexe d’oxyde de lithium-titane et du nanotube
de carbone dans une atmosphère d’argon, y
compris l’hydrogène de 500 à 900 °C, et
(e) une étape de nettoyage et de séchage du
complexe d’oxyde de lithium-titane et du nano-
tube de carbone.

2. Procédé selon la revendication 1, dans lequel, dans
l’opération (b), un régulateur de pH est mélangé en
outre.

3. Procédé selon la revendication 2, dans lequel le ré-
gulateur de pH est au moins un choisi parmi le grou-

pe constitué d’ammoniac, de l’eau distillée, de l’urée,
d’hydroxyde de sodium et d’hydroxyde de potas-
sium.

4. Procédé selon la revendication 1, dans lequel, dans
l’opération (c), les micro-ondes sont appliqués pour
10 à 30 minutes.

5. Procédé selon la revendication 1, dans lequel, dans
l’opération (c), l’application des micro-ondes est ef-
fectuée au point d’ébullition ou à une température
plus élevée de la solution mélangée.

6. Procédé selon la revendication 1, dans lequel, dans
l’opération (c), l’oxyde de métal de transition formé
sur la surface du nanotube de carbone a une taille
de particule de 2 à 30 nm.
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