
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
34

9 
28

0
B

1

(Cont. next page)

*EP003349280B1*
(11) EP 3 349 280 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
02.12.2020 Bulletin 2020/49

(21) Application number: 16844735.7

(22) Date of filing: 09.09.2016

(51) Int Cl.:
H01M 4/62 (2006.01) H01M 4/13 (2010.01)

H01M 10/052 (2010.01) H01M 2/10 (2006.01)

C01B 32/158 (2017.01) C01B 32/162 (2017.01)

C01B 32/17 (2017.01)

(86) International application number: 
PCT/KR2016/010173

(87) International publication number: 
WO 2017/043919 (16.03.2017 Gazette 2017/11)

(54) CONDUCTIVE MATERIAL FOR SECONDARY BATTERY, AND SECONDARY BATTERY 
CONTAINING SAME

LEITENDES MATERIAL FÜR SEKUNDÄRBATTERIE UND SEKUNDÄRBATTERIE DAMIT

MATÉRIAU CONDUCTEUR POUR BATTERIE SECONDAIRE, ET BATTERIE SECONDAIRE LE 
CONTENANT

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 10.09.2015 KR 20150128378
08.09.2016 KR 20160115896

(43) Date of publication of application: 
18.07.2018 Bulletin 2018/29

(73) Proprietor: LG Chem, Ltd.
Seoul 07336 (KR)

(72) Inventors:  
• KANG, Kyung Yeon

Daejeon 34122 (KR)
• SEOL, Jong Heon

Daejeon 34122 (KR)
• WOO, Ji Hee

Daejeon 34122 (KR)
• KIM, Ye Lin

Daejeon 34122 (KR)
• CHO, Dong Hyun

Daejeon 34122 (KR)
• CHOY, Sang Hoon

Daejeon 34122 (KR)

(74) Representative: Goddar, Heinz J.
Boehmert & Boehmert 
Anwaltspartnerschaft mbB 
Pettenkoferstrasse 22
80336 München (DE)

(56) References cited:  
EP-A1- 2 803 638 JP-A- 2006 306 636
KR-A- 20130 082 460 KR-A- 20150 007 267
KR-A- 20150 037 601  

• WILLEMS I ET AL: "CONTROL OF THE OUTER 
DIAMETER OF THIN CARBON NANOTUBES 
SYNTHESIZED BY CATALYTIC 
DECOMPOSITION OF HYDROCARBONS", 
CHEMICAL PHYSICS LETTERS, ELSEVIER BV, 
NL, vol. 317, no. 1/02, 28 January 2000 
(2000-01-28), pages 71-76, XP000951419, ISSN: 
0009-2614, DOI: 10.1016/S0009-2614(99)01300-7

• ELAINE LAY KHIM CHNG ET AL: "Purification of 
carbon nanotubes by high temperature chlorine 
gas treatment", PHYSICAL CHEMISTRY 
CHEMICAL PHYSICS., vol. 15, no. 15, 1 January 
2013 (2013-01-01), page 5615, XP055489152, GB 
ISSN: 1463-9076, DOI: 10.1039/c3cp50348h

• DATABASE WPI Week 200340 Thomson 
Scientific, London, GB; AN 2003-427787 
XP002782693, & KR 2003 0013553 A (LG 
ELECTRONICS INC) 15 February 2003 
(2003-02-15)



2

EP 3 349 280 B1

• FAZLE KIBRIA A K M ET AL: "Synthesis of carbon 
nanotubes over nickel-iron catalysts supported 
on alumina under controlled conditions", 
CATALYSIS LET, SPRINGER NEW YORK LLC, 
UNITED STATES, vol. 71, no. 3-4, 1 January 2001 
(2001-01-01), pages 229-236, XP008128751, ISSN: 
1011-372X, DOI: 10.1023/A:1009019624640

• IWONA PELECH ET AL: "Simultaneous 
purification and functionalization of carbon 
nanotubes using chlorination", JOURNAL OF 
MATERIALS RESEARCH, vol. 27, no. 18, 31 July 
2012 (2012-07-31) , pages 2368-2374, 
XP055489156, US ISSN: 0884-2914, DOI: 
10.1557/jmr.2012.243

• IWONA PELECH ET AL: "Chlorination of Carbon 
Nanotubes Obtained on the Different Metal 
Catalysts", JOURNAL OF NANOMATERIALS, vol. 
2013, 1 January 2013 (2013-01-01), pages 1-9, 
XP055489157, US ISSN: 1687-4110, DOI: 
10.1155/2013/836281

• MARK H. RÜMMELI ET AL: "Investigating the 
Outskirts of Fe and Co Catalyst Particles in 
Alumina-Supported Catalytic CVD Carbon 
Nanotube Growth", ACS NANO, vol. 4, no. 2, 23 
February 2010 (2010-02-23), pages 1146-1152, 
XP55040807, ISSN: 1936-0851, DOI: 
10.1021/nn9016108

• KIBRIA, A. K. M. FAZLE ET AL.: ’Synthesis of 
Carbon Nano Tubes over Nickel-iron Catalysts 
Supported on Alumina under Controlled 
Conditions’ CATALYST LETTERS vol. 71, no. 3-4, 
2001, pages 229 - 236, XP008128751

• CHAI, SIANG-PIAO ET AL.: ’The Effect of Catalyst 
Calcination Temperature on The Diameter of 
Carbon Nanotubes Synthesized by the 
Decomposition of Methane’ CARBON vol. 45, 
2007, pages 1535 - 1541, XP022101691



EP 3 349 280 B1

3

5

10

15

20

25

30

35

40

45

50

55

Description

[Technical Field]

Technical Field

[0001] The present invention relates to a conductive material for a secondary battery having excellent dispersibility
and a secondary battery including the same.

[Background Art]

[0002] As technology development and demand for mobile devices increase, demand for secondary batteries as an
energy source is rapidly increasing. Among such secondary batteries, a lithium secondary battery which exhibits high
energy density and voltage, a long cycle lifespan, and a low self-discharge rate has been commercialized and widely
used. Also, research is being actively conducted on a method of manufacturing an electrode having higher energy density
per unit volume by improving electrode density, such as an electrode for a high-capacity lithium secondary battery.
[0003] Generally, since a high-density electrode is formed by molding electrode active material particles having a size
of several to several tens of mm through a highpressure press, it is easy to deform particles, reduce a space between
particles, and degrade permeability of an electrolyte solution.
[0004] In order to solve these problems, a conductive material having excellent strength in addition to excellent electric
conductivity has been used to manufacture an electrode. When a conductive material is used to manufacture an electrode,
a conductive material is dispersed between compressed electrode active materials, and thus a micropore between active
material particles is maintained so that an electrolyte solution may be easily permeated, and conductivity is also excellent
so that resistance in an electrode may be reduced. Among such conductive materials, carbon nanotubes as a fibrous
carbon-based conductive material capable of further decreasing electrode resistance by forming an electroconductive
pathway in an electrode have been increasingly used in recent years.
[0005] Carbon nanotubes, which are a type of carbon microfiber, are a form of tubular carbon having a diameter of 1
mm or less, and are expected to be applied to and practically used in various fields due to high conductivity, tensile
strength, heat resistance and the like, which result from a specific structure thereof. However, despite their usefulness,
carbon nanotubes have limited applications due to low solubility and dispersibility. That is, carbon nanotubes are not
stably dispersed in an aqueous solution due to strong van der Waals forces between each other, which causes an
agglomeration phenomenon.
[0006] In order to solve these problems, there have been various attempts. Specifically, a method of dispersing carbon
nanotubes in a dispersion medium through a mechanical dispersion process such as sonication or the like has been
proposed. However, this method has a problem in which dispersibility is excellent during irradiation of ultrasonic waves,
but carbon nanotubes start to be agglomerated when the irradiation of ultrasonic waves is terminated, and are agglom-
erated as a concentration of carbon nanotubes is higher. Also, a method of stably dispersing carbon nanotubes using
various dispersants has been proposed, but this method also has a problem of handling due to an increase in viscosity
when carbon microfiber is dispersed at high concentration in a dispersion medium.
[0007] EP 2 803 638 A1 discloses carbon nanotubes for use in electrical, electronic and energy fields, and a method
for making the same. Carbon nanotubes are in the form of a potato or sphere-shaped non-bundled structure in which
carbon nanotubes have a diameter of 10 to 50 nanometer and a bulk density of 80 to 250 kg/m3. Growth of carbon
nanotubes is made by CVD or a carbon precursor gas from a catalytic system consisting of two components (Fe, Co
and/or Mo) supported on alumina.
[0008] Accordingly, a preparation of carbon nanotubes having excellent dispersibility as a conductive material for a
secondary battery is necessary.

[Disclosure]

[Technical Problem]

[0009] It is an aspect of the present invention to provide a conductive material for a secondary battery having excellent
dispersibility.
[0010] It is another aspect of the present invention to provide an electrode for a secondary battery, a lithium secondary
battery, a battery module and a battery pack, which include the conductive material.
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[Technical Solution]

[0011] According to an embodiment of the present invention, there is provided a conductive material for a secondary
battery including carbon nanotubes which have a spherical secondary structure in which carbon nanotube units having
a diameter of 20 to 150 nm are entangled, exhibit a ratio (TD/BD) of a true density (TD) and a bulk density (BD) of 30
to 120, and contain a metal at a content of 50 ppm or less.
[0012] According to another embodiment of the present invention, there is provided a method of preparing the con-
ductive material for a secondary battery, which includes preparing carbon nanotubes by bringing a supported catalyst
in which a metal catalyst is supported in an α-alumina support in contact with a carbon source at equal to or greater
than 650 °C and less than 800 °C; and removing metal impurities in the carbon nanotubes through chlorination, wherein
the removal of metal impurities in the carbon nanotubes is performed by a process in which the carbon nanotubes
prepared in the first operation are brought into contact with a gaseous chlorine source under a nitrogen or vacuum
atmosphere at 450 to 900°C to chlorinate a metal in the carbon nanotubes, and then the chlorinated metal is evaporated
through heating to 800 to 1500°C.
[0013] According to still another embodiment of the present invention, there are provided an electrode for a lithium
secondary battery including the conductive material and a lithium secondary battery.
[0014] Other details about the embodiments of the present invention are included in the detailed description below.

[Advantageous Effects]

[0015] A conductive material for a secondary battery according to the present invention can exhibit excellent dispers-
ibility in a composition upon a preparation of a composition for forming an electrode of a secondary battery because it
includes large-diameter carbon nanotube units and simultaneously exhibits low density. Also, when the conductive
material which exhibits high purity and increased conductivity in an electrode is applied to a battery, battery performance,
particularly, battery performance at room temperature and low temperature can be improved. The conductive material
and an electrode including the same as a conductive material are particularly beneficial to batteries requiring high capacity
and long lifespans such as an automotive battery, a power tool battery and the like, particularly, batteries requiring
minimum degradation of performance at room temperature and low temperature such as an automotive battery.

[Description of Drawings]

[0016] Because the following drawings attached to the present specification illustrate exemplary embodiments of the
present invention and serve to facilitate understanding of the technical idea of the present invention together with the
above-described content of the invention, the present invention should not be limitedly interpreted on the basis of the
drawings.

FIG. 1a is an image obtained by observing the conductive material according to Example 1-1 using a scanning
electron microscope (SEM), and FIG. 1b is partially enlarged view thereof.
FIG. 2a is an image obtained by observing the conductive material according to Comparative Example 1-1 using a
SEM, and FIG. 2b is partially enlarged view thereof.
FIG. 3 is a graph illustrating measurement results of packing resistance of the conductive materials according to
Example 1-1 and Comparative Example 1-1.
FIG. 4 is a graph illustrating observation results of rate characteristics of the lithium secondary batteries according
to Example 2-1 and Comparative Examples 2-1 and 3 at room temperature (25 °C).
FIG. 5 is a graph illustrating observation results of output characteristics upon discharging of the lithium secondary
batteries according to Example 2-1 and Comparative Examples 2-1 and 3 at room temperature (25 °C).
FIG. 6 is a graph illustrating observation results of output characteristics upon discharging of the lithium secondary
batteries according to Example 2-1 and Comparative Examples 2-1 and 3 at low temperature (-20 °C).

[Modes of the Invention]

[0017] Hereinafter, the present invention will be described in more detail for promoting understanding of the present
invention.
[0018] Terms and words used in this specification and claims should not be interpreted as limited to commonly used
meanings or meanings in dictionaries and should be interpreted with meanings and concepts which are consistent with
the technological scope of the invention based on the principle that the inventors have appropriately defined concepts
of terms in order to describe the invention in the best way.
[0019] The term "bundle type" used herein, unless otherwise mentioned, refers to a bundle- or rope-type secondary
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shape in which a plurality of carbon nanotube (CNT) units are arranged in parallel or twisted in a spiral. The term "non-
bundle type" or "entangled type" used herein refers to a shape in which a plurality of CNT units are entangled without
limitation in specific orientation.
[0020] A conductive material according to an embodiment of the present invention includes carbon nanotubes (CNTs)
which have a spherical secondary structure in which CNT units having a diameter of 20 to 150 nm are entangled, exhibit
a ratio (TD/BD) of a true density (TD) and a bulk density (BD) of 30 to 120, and contain a metal at a content of 50 ppm or less.
[0021] As such, the conductive material for a secondary battery according to an embodiment of the present invention
includes CNTs capable of exhibiting excellent dispersibility by including large-diameter CNT units and having low density,
and thus, by increasing conductivity in an electrode, when the conductive material is applied to a battery, battery per-
formance, particularly, battery performance at room temperature and low temperature may be improved.
[0022] Specifically, in the conductive material according to an embodiment of the present invention, CNTs have a
spherical secondary structure in which CNT units are entangled. The term "spherical shape" used herein encompasses
a substantially spherical shape in addition to a completely spherical shape, and may also encompass a case where a
cross section has an elliptical shape such as a potato shape. Specifically, the CNTs with a spherical shape may have
an average circularity of 0.9 to 1.0, which is measured using a flow particle image analyzer or is determined from the
length ratio of a long axis and a short axis, which pass through the center of a particle in CNT particles observed through
a SEM image.
[0023] In addition, graphite sheets of CNT units in the CNTs have a cylinder shape with nano-sized diameters and
have a sp2 bond structure. Depending on the angles and structures of the rolled-up graphite sheets, the CNTs may
exhibit conductive or semiconductive characteristics. In addition, the CNTs may be classified into single-walled carbon
nanotubes (SWCNTs), double-walled carbon nanotubes (DWCNTs) and multi-walled carbon nanotubes (MWCNTs)
depending on the number of bonds forming walls. Such CNT units may exhibit specific characteristics due to a difference
in structure, and particularly, SWCNT units may be suitable for use for realizing elaborate and integrated devices because
they may exhibit metallic characteristics and semiconductive characteristics. In the conductive material according to an
embodiment of the present invention, the CNTs may include any one or two or more of SWCNT units, DWCNT units
and MWCNT units, and more particularly, may include MWCNT units at 20 wt% or more with respect to a total weight
of the CNTs.
[0024] Meanwhile, when CNT units as a conductive material for a secondary battery have an excessively large diameter,
the pore of an electrode also has an excessively large diameter, and thus electrode density may be degraded. Also,
when used CNT units have an excessively small diameter, dispersed CNT units or CNTs are embedded in a space
between electrode active material particles, and thus it is difficult to form sufficient pores. Accordingly, in CNTs that may
be used in the present invention, a unit may have a diameter of, particularly, 20 to 150 nm, and more particularly, 20 to
80 nm in consideration of an effect of improving dispersibility of a conductive material and reducing the resistance of an
electrode according to control of the diameter of a unit.
[0025] In addition, although the CNT units are not particularly limited in a length thereof, as the length of CNTs is
longer, electric conductivity and strength of an electrode and storage retention of an electrolyte solution may be improved.
However, when the length of CNTs is excessively long, dispersibility may be degraded. Accordingly, in CNTs that may
be used in the present invention, a unit may have a length of, particularly, 0.5 to 100 mm. Also, in consideration of the
diameter of CNT units, the CNT units may have an aspect ratio of 5 to 50,000, more particularly, 10 to 15,000, which is
defined as a ratio of the length and diameter of CNTs.
[0026] Additionally, when the CNT units are branched, electric conductivity and strength of an electrode and storage
retention of an electrolyte solution may be improved, but when an amount thereof is excessively large, dispersibility may
be degraded. Accordingly, it is preferable that a content of branched CNT units in CNTs be appropriately controlled,
which is possible through a grinding process performed when or after CNTs are prepared.
[0027] Meanwhile, the CNTs including such CNT units may have a ratio (TD/BD) of a true density and a bulk density
of 30 to 120.
[0028] As conventional CNTs have low bulk density, excellent dispersibility may be exhibited, but when CNTs have
excessively low bulk density, it is difficult to prepare a high-concentrated dispersion solution due to a significant increase
in viscosity upon a dispersion process of CNTs. Also, upon the manufacture of an electrode using a conductive material,
when a conductive material has excessively low true density, electric conductivity of the electrode may be degraded
because there are many gaps inside a conductive material and a surface area is increased, and when a conductive
material has excessively high true density, battery capacity may be degraded. Accordingly, in the present invention,
excellent electric conductivity and improved battery performance may be exhibited when the CNTs are applied to an
electrode by controlling a ratio of a bulk density and a true density within the above range. In consideration of a significant
improvement effect according to control of a ratio of a bulk density and a true density, the CNTs that may be used in the
present invention may have a ratio of a true density and a bulk density of 40 to 60.
[0029] In addition, the bulk density of CNTs may be determined by Equation 1 below, and the CNTs that may be used
in the present invention may have a bulk density of, particularly, 20 to 80 kg/m3. 
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[0030] In the present invention, the bulk density of CNTs may be calculated by introducing CNTs into a 20 ml container,
measuring a weight, and substituting the measured weight into Equation 1.
[0031] As such, when the diameter and bulk density of the CNT units are controlled at the same time, the conductive
material that may be used in the present invention includes large-diameter CNT units and has low density, and thus
may exhibit excellent dispersibility without degradation of electric conductivity in an electrode. In consideration of a
significant improvement effect according to the control of bulk density, the CNTs may have a bulk density of, particularly,
30 to 70 kg/m3, more particularly, 30 to 60 kg/m3.
[0032] In addition, the CNTs that may be used in the present invention may have a true density of, particularly, 2,100
to 2,500 kg/m3 under a condition satisfying the ratio of a true density and a bulk density. In the present invention, the
true density of CNTs may be measured by a common method of measuring a true density, and particularly, by using
AccuPyc 11-1340 commercially available from Micromeritics Instrument Corporation.
[0033] Additionally, the CNTs that may be used in the present invention exhibit a low BET specific surface area because
a unit thereof has a large diameter as described above, and therefore, excellent dispersibility may be exhibited. Specif-
ically, the CNTs that may be used in the present invention may have a BET specific surface area of 30 to 120 m2/g,
particularly, 30 to 85 m2/g.
[0034] In the present invention, the specific surface area of CNTs is measured by a BET method, and particularly,
may be calculated from the adsorption amount of nitrogen gas at the temperature of liquid nitrogen (77 K) using BELSORP-
mini II commercially available from BEL Japan Inc.
[0035] In addition, the CNTs with a spherical secondary structure in which CNT units are entangled may have an
average particle size (D50) of 200 to 800 mm. In the present invention, the average particle size (D50) of CNTs can be
defined as a particle size corresponding to 50 percentile in the particle size distribution. Also, the average particle size
(D50) of CNTs may be measured, for example, by using a scanning electron microscope or laser diffraction. The average
particle size (D50) corresponding to 50 percentile in the particle size distribution may be calculated by laser diffraction,
more particularly, by dispersing the CNTs in a solution and then introducing the dispersion solution into a commercially
available laser diffraction particle size analysis instrument (e.g., Microtrac MT-3000).
[0036] Additionally, the CNTs may have a particle size distribution (Dcnt) of 0.5 to 1.0, which is defined by Equation 2
below. 

[0037] In Equation 2, Dn90 is a number average particle size which is measured based on 90% in an absorption mode
using a Microtrac particle size analyzer after CNTs are introduced into distilled water, Dn10 is a number average particle
size measured based on 10%, and Dn50 is a number average particle size measured based on 50% under the same
conditions.
[0038] In addition, the CNTs may include a metal element derived from a main catalyst or a cocatalyst such as Fe,
Co, Mo, V, Cr, or the like used in the preparation process at a content of 50 ppm or less, particularly, 5 ppm or less.
[0039] As such, further excellent conductivity may be exhibited without a concern about side reactions in an electrode
by significantly reducing a content of a metal as a residual impurity in the CNTs.
[0040] In addition, the CNTs may have a packing volume resistivity of 0.01 to 0.02 ohm·cm at a packing density of 0.9
to 1.5 g/cc.
[0041] When the CNTs according to the present invention exhibit the above volume resistivity under the above condition
of packing density, resistance in an electrode may be lowered when being applied to an electrode, and thus battery
performance may be improved.
[0042] The conductive material including the CNTs according to an embodiment of the present invention may be
prepared by a common method such as arc discharge, laser ablation, chemical vapor deposition or the like, and the
above-described properties may be realized by controlling a type of catalyst, heat treatment temperature and atmosphere,
a method of removing impurities and the like in the preparation process.
[0043] Specifically, the conductive material may be prepared by a method which includes preparing CNTs by bringing
a supported catalyst in which a metal catalyst is supported in an α-alumina support in contact with a carbon source at
equal to or greater than 650 °C and less than 800 °C (Step 1); and removing metal impurities in the CNTs through
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chlorination (Step 2).
[0044] Hereinafter, each step will be described in detail. In the step 1 for preparing a conductive material, CNTs are
prepared by growing CNTs by chemical vapor synthesis through decomposition of a carbon source using the supported
catalyst in which a metal catalyst is supported in an α-alumina support.
[0045] The preparation of CNTs through chemical vapor synthesis may be performed, particularly, by introducing the
supported catalyst into a horizontal fixed bed reactor or a fluidized bed reactor, and injecting a carbon source; or a mixed
gas of the carbon source, a reducing gas and a carrier gas above the pyrolysis temperature of the carbon source in a
vapor phase to below the melting point of the supported metal catalyst. As such, when the mixed gas including a carbon
source is injected, the carbon source is pyrolyzed at high temperature, and then permeated into a supported catalyst.
When the pyrolyzed carbon source permeated into a supported catalyst is saturated, saturated carbon is precipitated
from the supported catalyst, and thus a hexagonal ring structure is formed. The CNTs prepared by chemical vapor
synthesis as described above exhibit the growth of crystal in a direction almost parallel to the tube axis and high crystallinity
in a graphite structure in a lengthwise direction of a tube. Therefore, the unit has a small diameter, high electric conductivity
and high strength. Also, the vapor grown CNTs may have an uneven and rough surface. Accordingly, excellent adhesion
to an electrode active material may be exhibited upon formation of an electrode. In particular, when a carbon-based
material is used as an electrode active material in a negative electrode of a secondary battery, the vapor grown CNTs
exhibit much higher adhesion to a carbon-based active material, and thus the CNTs as an electric conductivity-providing
agent can be adhered to a carbon-based active material without being separated even when charge and discharge
cycles are repeated. Therefore, electric conductivity may be maintained and cycle characteristics may be further im-
proved.
[0046] Specifically, the preparation of CNTs may be performed at equal to or greater than 650 °C and less than 800
°C, particularly, 650 to 700 °C. Within the reaction temperature range, it is possible to minimize generation of amorphous
carbon, reduce the specific surface area of a prepared CNT, and simultaneously increase the diameter of CNT units.
Also, since CNTs exhibit a decrease in weight while maintaining a bulk size as is, dispersibility according to a decrease
in bulk density may be further improved. As a heat source for the heat treatment, induction heating, radiant heat, lasers,
infrared radiation (IR), microwaves, plasma or surface plasmon heating or the like may be used.
[0047] In addition, the carbon source is not particularly limited as long as it can supply carbon and is present in a vapor
phase at 300 °C or higher. Particularly, the carbon source may be a carbon-based compound having 6 or less carbon
atoms, and more particularly, may be any one or a mixture of two or more of carbon monoxide, methane, ethane,
ethylene, ethanol, acetylene, propane, propylene, butane, butadiene, pentane, pentene, cyclopentadiene, hexane, cy-
clohexane, benzene, toluene and the like.
[0048] Additionally, the mixed gas of a reducing gas and a carrier gas serves to transport a carbon source, prevent
CNTs from being combusted at high temperature, and help decomposition of a carbon source.
[0049] The reducing gas may be a commonly known reducing gas, particularly, hydrogen or the like. Also, the carrier
gas may be gas that is commonly used as a carrier gas upon the preparation of CNTs, particularly, nitrogen or the like.
[0050] Such a carbon source in a vapor phase, reducing gas and carrier gas may be used in various volume ratios.
Specifically, the carbon source in a vapor phase may be used in a volume ratio of 0.5 to 1.5 based on 1 volume of the
reducing gas, and the carrier gas may be used in a volume ratio of 0.5 to 1.5 based on 1 volume of the reducing gas.
In this case, a flow rate of the mixed gas including the carbon source, reducing gas and carrier gas may be appropriately
selected within a range of 50 to 10,000 sccm.
[0051] In addition, in the method of preparing the conductive material according to an embodiment of the present
invention, a cooling process for further regularly arranging CNTs may be optionally further performed after CNTs are
grown through the heat treatment as described above. The cooling process may be performed, particularly, by a natural
cooling method according to the removal of a heat source or by using a cooler or the like.
[0052] Meanwhile, the supported catalyst that is used in the preparation of the conductive material is a catalyst in
which a metal catalyst is supported in a spherical α-alumina support.
[0053] The α-alumina has very low utility as a catalyst support because it has very low porosity compared to γ-alumina.
However, by controlling a calcining temperature upon the preparation of a supported catalyst including α-alumina as a
support, when CNTs are synthesized using the supported catalyst, generation of amorphous carbon is suppressed, a
specific surface area is decreased, and thus a diameter may be increased. Simultaneously, the bulk density of CNTs is
decreased, and thus dispersibility may be improved.
[0054] Specifically, the α-alumina that may be used as a support in the present invention may have an average particle
size (D50) of 20 to 200 mm and a BET specific surface area of 1 to 50 m2/g. Also, the α-alumina may have very low
porosity, particularly, a porosity of 0.001 to 0.1 cm3/g due to its smooth surface.
[0055] Meanwhile, the supported catalyst including the spherical α-alumina as a support may be prepared by supporting
a metal catalyst in the spherical α-alumina support and then calcining the supported metal catalyst. Specifically, the
supported catalyst may be prepared by adding the spherical α-alumina support to a metal catalyst precursor solution
prepared by dissolving a precursor of the metal catalyst in water, followed by mixing and calcining at 600 °C or less.
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[0056] The metal catalyst supported in a support serves to help formation of a six-member ring structure by bonding
carbon components in the carbon source in a vapor phase. As the metal catalyst, a main catalyst such as iron (Fe),
nickel (Ni), cobalt (Co) or the like may be used alone, or the main catalyst together with a cocatalyst such as molybdenum
(Mo), vanadium (V), chromium (Cr) or the like, that is, a main catalyst/cocatalyst composite catalyst may be used.
Specifically, the composite catalyst may be any one or a mixture of two or more of FeCO, CoMo, CoV, FeCoMo, FeMoV,
FeV, FeCoMoV and the like. Also, the cocatalyst may be used in an amount of 0.01 to 1 mole, particularly, 0.05 to 0.5
moles with respect to 1 mole of the main catalyst.
[0057] In the preparation of the supported catalyst, the precursor of the metal catalyst may be a metal salt, a metal
oxide or the like, which can be dissolved in water. Particularly, the precursor of the metal catalyst may be a metal salt,
a metal oxide or a metal halide including any one or two or more metal elements selected from Fe, Ni, Co, Mo, V, and
Cr, and more particularly, may be any one or a mixture of two or more selected from the group consisting of
Fe(NO3)2.6H2O, Fe(NO3)2.9H2O, Fe(NO3)3, Fe(OAc)2, CO(NO3)2.6H2O, Co2(CO)8, [CO2(CO)6(t-BuC=CH)], Cu(OAc)2,
Ni(NO3)2·6H2O, (NH4)6Mo7O24·4H2O, Mo(CO)6, (NH4)MoS4 and NH4VO3.
[0058] In addition, a precursor of the metal catalyst in an aqueous state in which the precursor is dissolved in water
may be used. In this case, in consideration of impregnation efficiency and the like, a concentration of the precursor of
the metal catalyst in an aqueous solution may be appropriately adjusted. Specifically, a concentration of the precursor
of the metal catalyst in an aqueous solution may be 0.1 to 0.4 g/ml.
[0059] Additionally, in order to control the bulk density of CNTs, an organic acid may be optionally further used when
an α-alumina support is added to and mixed with an aqueous solution including the precursor of the metal catalyst.
[0060] As such, when an organic acid is further added, in the metal catalyst precursor solution, the metal catalyst may
be used in an amount of 3 to 40 moles, particularly, 5 to 30 moles with respect to 1 mole of the organic acid. The organic
acid may be, particularly, one or a mixture of two or more of citric acid and the like.
[0061] Meanwhile, the mixing process of the metal catalyst precursor solution and the spherical α-alumina support
may be performed by a common method, particularly, by rotation or stirring at 45 to 80 °C.
[0062] In addition, in consideration of a content of a supported metal catalyst in a supported catalyst finally prepared
through the mixing process, a metal catalyst precursor and a support may be mixed. In the supported catalyst, as an
amount of a supported metal catalyst increases, the bulk density of CNTs prepared using a supported catalyst tends to
be increased. In consideration of the bulk density of CNTs thus prepared, a metal catalyst may be mixed in such a way
that the metal catalyst may be supported at 5 to 30 wt% with respect to the total weight of the supported catalyst finally
prepared.
[0063] Additionally, a drying process may be optionally further performed prior to a calcining process after the mixing
of the metal catalyst precursor solution and the spherical α-alumina support. The drying process may be performed by
a common method, particularly, by rotary evaporation at 40 to 100 °C in a vacuum for 3 minutes to 1 hour.
[0064] Subsequently, a mixture of the metal catalyst precursor and the support prepared by the above method is
subjected to calcination. The calcination may be performed at 600 °C or less, particularly, 400 to 600 °C under an air or
inert atmosphere.
[0065] In addition, a pre-calcining process may be optionally further performed at 250 to 400 °C prior to the calcining
process after the drying process.
[0066] In this case, in consideration of reaction efficiency, the α-alumina support is impregnated with a maximum of
50% of the mixture of the metal catalyst precursor and the support for use immediately before the pre-calcining process,
and the α-alumina support is impregnated with the remaining mixture immediately after the pre-calcining process for use.
[0067] As a result of the preparation process as described above, a supported catalyst in which the metal catalyst is
supported in the aluminum-based support may be obtained.
[0068] Specifically, the supported catalyst has a single-layer or multi-layer structure having two or more layers in which
a metal catalyst is applied on a surface of a spherical α-alumina support. The supported catalyst may have a structure
of a continuous coating layer or a discontinuous coating layer, and particularly, may have a structure of a discontinuous
coating layer.
[0069] In addition, the supported catalyst may have an average particle size (D50) of 30 to 150 mm and a BET specific
surface area of 1 to 50 m2/g. Also, the supported catalyst may have a surface roughness of 10 to 50 nm when observed
through a SEM.
[0070] Additionally, the supported catalyst may have a number average particle size within 5%, particularly, 3% when
a particle size of 32 mm or less is defined as an ultrasonic fine powder amount in consideration of the average particle
size of the α-alumina support.
[0071] The ultrasonic fine powder is an aggregate of metal catalysts adhered in an island form to the supported catalyst,
and is not sieved when passing through a sieve. However, the ultrasonic fine powder is detached therefrom upon
ultrasonication because it is weakly adhered to the supported catalyst. This material has a different particle size from
that of a metal catalyst which is well applied on a support and also has different catalytic activity. In the present invention,
the ultrasonic fine powder amount means an amount of a fine powder of a number average particle size measured
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through a particle size analyzer after ultrasonication.
[0072] Meanwhile, in the step 2 of the method of preparing a conductive material according to an embodiment of the
present invention, metal impurities in CNTs prepared using a supported catalyst in step 1 are removed.
[0073] Specifically, the step 2 may be performed by chlorinating a metal present as an impurity in the CNTs prepared
in step 1 and then evaporating the chlorinated metal at high temperature. When the above method is performed, metal
components in CNTs may be removed to below 50 ppm without a concern about degradation of properties of CNTs
caused by the occurrence of defects compared to a conventional method of removing a metal component using a strong
acid, and there is also no concern about environmental pollution caused by the generation of a strong acidic waste liquid.
Also, during the removing process of metal impurities, properties of CNTs such as bulk density, packing density and the
like may be further varied and controlled.
[0074] Specifically, the removing process of metal impurities includes chlorinating a metal in the CNTs by bringing the
CNTs prepared in step 1 in contact with a gaseous chlorine source under a nitrogen or vacuum atmosphere at 450 to
900 °C; and removing the chlorinated metal by evaporation through heating.
[0075] The removing process of metal impurities may be performed by using a fluidized bed reactor and a static
furnace. Specifically, the removing process may be performed by filling CNTs in a quartz tube reactor capable of intro-
ducing and discharging gas, raising a temperature to 450 to 900 °C using a static furnace under a nitrogen or vacuum
atmosphere, bringing CNTs in contact with a chlorine source which is supplied through a gas inlet to chlorinate metal
impurities in CNTs, and then evaporating the chlorinated metal under a nitrogen or vacuum atmosphere after raising
the temperature in the reactor.
[0076] In this case, the chlorine source may be Cl2, CHCl3 or the like.
[0077] In addition, a temperature of the heat treatment for removing the chlorinated metal is 800 to 1,500 °C. When
a temperature of the heat treatment is less than 800 °C, the removal efficiency of the chlorinated metal may be degraded,
and when a temperature thereof is greater than 1,500 °C, a side reaction may occur.
[0078] As a result of the process of removing metal impurities, it is possible to reduce a main catalyst such as Fe, Ni,
Co or the like or cocatalyst-derived metal impurities in CNTs to 50 ppm or less, particularly, 5 ppm or less. In the present
invention, contents of metal impurities remaining in CNTs may be analyzed using high-frequency inductively coupled
plasma (ICP).
[0079] The conductive material including the CNTs prepared by the above method includes large-diameter CNT units
and simultaneously exhibits low density. Therefore, when used to prepare a composition for forming an electrode of a
secondary battery, the conductive material may exhibit excellent dispersibility in the composition. Also, when the con-
ductive material which exhibits high purity and increased conductivity in an electrode is applied to a battery, battery
performance, particularly, battery performance at room temperature and low temperature may be improved.
[0080] The conductive material according to an embodiment of the present invention may further include a particulate
carbon-based material in addition to the CNTs.
[0081] In the present invention, the term "particulate" refers to a particle which has a predetermined shape and is
independently present and separable. In the present invention, the particulate carbon-based material may have various
shapes such as a spherical shape, an elliptical shape, a conical shape, a flake shape, a fibrous shape and the like, and
particularly, encompasses a spherical shape or a substantially spherical shape such as a case where a cross section
has an elliptical shape such as a potato shape. More particularly, the particulate carbon-based material may have an
average circularity of 0.9 to 1.0, which is measured using a flow particle image analyzer or is determined from the length
ratio of a long axis and a short axis of a particle observed through a SEM.
[0082] In the conductive material, the particulate carbon-based material may be, particularly, a spherical particle having
an average particle size (D50) of 10 to 45 nm and a BET specific surface area of 40 to 170 m2/g. When the particulate
carbon-based material has a small particle size and a large specific surface area, which satisfy the above ranges, electron
injection properties in a triple-phase boundary among electrode active materials and an electrolyte upon the manufacture
of an electrode are increased, and thus reactivity may be improved. When the particulate carbon-based material has
an average particle size of less than 10 nm or a BET specific surface area of greater than 170 m2/g, dispersibility in an
electrode mixture may be significantly degraded due to agglomeration among particulate carbon-based materials. Also,
when the particulate carbon-based material has an average particle size of greater than 45 nm or a BET specific surface
area of less than 40 m2/g, a conductive material may be not uniformly dispersed throughout a positive electrode mixture
and may be partially concentrated due to its significantly large size when a conductive material is disposed according
to the porosity of the positive electrode active material. More particularly, in consideration of a significant effect of the
average particle size and specific surface area of a particulate carbon-based material on reactivity of a positive electrode
mixture, the particulate carbon-based material may have an average particle size (D50) of 30 to 45 nm and a BET specific
surface area of 40 to 120 m2/g. Also, in the present invention, the specific surface area of the particulate carbon-based
material may be calculated from the adsorption amount of nitrogen gas at the temperature of liquid nitrogen (77 K) using
BELSORP-mini II commercially available from BEL Japan Inc.
[0083] In the present invention, the average particle size (D50) of the particulate carbon-based material may be defined
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as a particle size corresponding to 50 percentile in the particle size distribution. Also, the average particle size (D50) of
the particulate carbon-based material may be measured, for example, by using laser diffraction, and particularly, the
average particle size (D50) corresponding to 50 percentile in the particle size distribution may be calculated by dispersing
the conductive material in a solution, and then introducing the dispersion solution into a commercially available laser
diffraction particle size analysis instrument (e.g., Microtrac MT-3000).
[0084] The particulate carbon-based material is not particularly limited as long as it has conductivity and simultaneously
satisfies morphological conditions thereof. In consideration of an excellent improvement effect according to the use of
a particulate conductive material, the particulate carbon-based material may be a non-graphite-based carbon material.
Specifically, the particulate carbon-based material may be any one or a mixture of two or more of carbon black, acetylene
black, Ketjen black, channel black, furnace black, lamp black, thermal black, Denka black and the like. More particularly,
in consideration of a significant improvement effect when being used in combination of the CNTs, the particulate carbon-
based material may be carbon black.
[0085] The particulate carbon-based material may be included by simple mixing or complexation through a method
such as coating or the like with the CNTs in the conductive material according to an embodiment of the present invention.
Also, the particulate carbon-based material may be included at 50 to 200 parts by weight with respect to 100 parts by
weight of the CNTs. When the particulate carbon-based material is included within the above content range, an improve-
ment effect on battery characteristics according to a mixed use may be further improved.
[0086] According to another embodiment of the present invention, there is provided an electrode for a secondary
battery which includes the above-described conductive material.
[0087] The electrode for a secondary battery may be a positive electrode or a negative electrode, and particularly,
may be a positive electrode. Also, the electrode may be manufactured by a common method except that the above-
described conductive material is included.
[0088] Specifically, when the electrode is a positive electrode, the positive electrode includes a positive electrode
current collector and a positive electrode active material layer formed on the positive electrode current collector.
[0089] The positive electrode current collector is not particularly limited as long as it does not cause a chemical change
in the battery and has conductivity. For example, the positive electrode current collector may be stainless steel, aluminum,
nickel, titanium, calcined carbon, or aluminum or stainless steel whose surface is treated with carbon, nickel, titanium,
silver or the like. Also, the positive electrode current collector may commonly have a thickness of 3 to 500 mm, and may
have fine irregularities at a surface thereof to increase adhesion of the positive electrode active material. For example,
the positive electrode current collector may be used in any of various forms such as a film, a sheet, a foil, a net, a porous
material, a foam, a non-woven fabric and the like.
[0090] The positive electrode active material layer formed on the positive electrode current collector may further include
a positive electrode active material, a conductive material, and optionally, a binder.
[0091] The positive electrode active material may be a compound capable of reversible intercalation and deintercalation
of lithium ions (lithiated intercalation compound), particularly, a composite metal oxide of lithium and a metal such as
cobalt, manganese, nickel or a combination thereof.
[0092] More particularly, the positive electrode active material may be lithium-manganese-based oxides (e.g., LiMnO2,
LiMn2O or the like), lithium-cobalt-based oxides (e.g., LiCoO2 or the like), lithium-nickel-based oxides (e.g., LiNiO2 or
the like), lithium-nickel-manganese-based oxides (e.g., LiNi1-YMnYO2 (here, 0<Y<1), LiMn2-zNizO4 (here, 0<Z<2) or the
like), lithium-nickel-cobalt-based oxides (e.g., LiN1-YCoYO2 (here, 0<Y<1) or the like), lithium-manganese-cobalt-based
oxides (e.g., LiCo1-YMnYO2 (here, 0<Y<1), LiMn2-zCozO4 (here, 0<Z<2) or the like), lithium-nickel-manganese-cobalt-
based oxides (e.g., Li(NiPCoQMnR)O2 (here, 0<P<1, 0<Q<1, 0<R<1 and P+Q+R=1), Li(NiPCoQMnR)O4 (here, 0<P<2,
0<Q<2, 0<R<2 and P+Q+R=2) or the like), or lithium-nickel-cobalt-transition metal (M) oxides (e.g., Li(NiPCoQMnRMS)O2
(here, M is selected from the group consisting of Al, Fe, V, Cr, Ti, Ta, Mg and Mo, and P, Q, R and S represent an atomic
fraction of each independent element, and satisfy 0<P<1, 0<Q<1, 0<R<1, 0<S<1 and P+Q+R+S=1) or the like). Also,
the lithium-transition metal oxides may be doped with tungsten (W) or the like. Among these compounds, the positive
electrode active material may be LiCoO2, LiMnO2, LiNiO2, lithium-nickel-manganese-cobalt-based oxides (e.g.,
Li(Ni0.6Mn0.2CO0.2)O2, LiNi0.5Mn0.3Co0.2O2, LiNi0.8Mn0.1Co0.1O2 or the like), or lithium-nickel-cobalt-aluminum-based
oxides (e.g., LiNi0.8Co0.15Al0.05O2 or the like) in that it is possible to increase capacity characteristics and stability of the
battery.
[0093] The positive electrode active material may be included at 70 to 98 wt% with respect to the total weight of the
positive electrode active material layer based on a solid content. When the positive electrode active material is included
at less than 70 wt%, capacity may be degraded, and when the positive electrode active material is included at greater
than 98 wt%, adhesion to a positive electrode current collector and conductivity may be degraded due to a relative
decrease in contents of a binder and a conductive material.
[0094] In addition, the conductive material is the same as described above, and may be included at 1 to 30 wt% with
respect to the total weight of the positive electrode active material layer.
[0095] Additionally, the binder serves to improve attachment between positive electrode active material particles and
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adhesion between a positive electrode active material and a current collector. As a specific example, the binder may be
any one or a mixture of two or more of polyvinylidenefluoride (PVDF), a polyvinylidenefluoride-hexafluoropropylene
copolymer (PVDF-co-HFP), polyvinyl alcohol, polyacrylonitrile, carboxymethyl cellulose (CMC), starches, hydroxypropyl
cellulose, regenerated cellulose, polyvinyl pyrrolidone, tetrafluoroethylene, polyethylene, polypropylene, an ethylene-
propylene-diene polymer (EPDM), a sulfonated EPDM, styrene-butadiene rubber (SBR), fluororubber, various copoly-
mers thereof and the like. The binder may be included at 1 to 30 wt% with respect to the total weight of the positive
electrode active material layer.
[0096] The positive electrode may be manufactured by a common method of manufacturing a positive electrode except
that the above-described conductive material is used. Specifically, the positive electrode may be manufactured by
applying a composition for forming a positive electrode active material layer prepared by dispersing or dissolving the
positive electrode active material, the binder, and, optionally, the conductive material in a solvent on a positive electrode
current collector, followed by drying and rolling; or by casting the composition for forming a positive electrode active
material layer on a separate support and then laminating a film obtained by peeling off from the support on a positive
electrode current collector.
[0097] In this case, the solvent may be a solvent generally used in the art without particular limitation. Specifically, the
solvent may be any one or a mixture of two or more of dimethyl sulfoxide (DMSO), isopropyl alcohol, N-methyl pyrrolidone
(NMP), acetone, water and the like. The solvent is used in an amount just enough to have the degree of viscosity which
enables the positive electrode active material, the conductive material and the binder to be dissolved or dispersed and
exhibits excellent uniformity of a thickness upon later application for manufacturing a positive electrode in consideration
of a thickness of an applied slurry and manufacturing yield.
[0098] In addition, when the electrode is a negative electrode, the negative electrode includes a negative electrode
current collector and a negative electrode active material layer disposed on the negative electrode current collector.
[0099] Such a negative electrode current collector is not particularly limited as long as it does not cause a chemical
change in the battery and has high conductivity. For example, the negative electrode current collector may be copper,
stainless steel, aluminum, nickel, titanium, calcined carbon, or copper or stainless steel whose surface is treated with
carbon, nickel, titanium, silver or the like, an aluminum-cadmium alloy or the like. Also, the negative electrode current
collector may commonly have a thickness of 3 to 500 mm, and like a positive electrode current collector, may have fine
irregularities at a surface thereof to increase adhesion of the negative electrode active material. For example, the negative
electrode current collector may be used in any of various forms such as a film, a sheet, a foil, a net, a porous material,
a foam, a non-woven fabric and the like.
[0100] In addition, the negative electrode active material layer may include a negative electrode active material, a
conductive material, and optionally, a binder.
[0101] The negative electrode active material may be a compound capable of reversible intercalation and deinterca-
lation of lithium ions. As a specific example, the negative electrode active material may be any one or a mixture of two
or more of a carbon material such as artificial graphite, natural graphite, graphitized carbon fiber, amorphous carbon or
the like; a metal compound capable of alloying with lithium such as Si, Al, Sn, Pb, Zn, Bi, In, Mg, Ga, Cd, a Si alloy, a
Sn alloy, an Al alloy or the like; a metal oxide capable of doping and dedoping lithium such as SiOx (0<x<2), SnO2,
vanadium oxide or lithium vanadium oxide; and a composite including the metal compound and the carbon material
such as a Si-C composite or a Sn-C composite. Also, the negative electrode active material may be a lithium metal thin-
film. In addition, as the carbon material, low-crystallinity carbon, high-crystallinity carbon and the like all may be used.
A representative example of the low-crystallinity carbon may be soft carbon and hard carbon, and a representative
example of the high-crystallinity carbon may be high-temperature calcined carbon such as amorphous, platy, flake,
spherical or fibrous natural graphite or artificial graphite, kish graphite, pyrolytic carbon, mesophase pitch-based carbon
fiber, meso-carbon microbeads, mesophase pitches, petroleum or coal tar pitch-derived cokes or the like.
[0102] In addition, the binder and the conductive material may be the same as described above for the positive electrode.
[0103] The negative electrode may be manufactured by applying a composition for forming a negative electrode
prepared by dispersing or dissolving a negative electrode active material, a conductive material, and optionally, a binder
in a solvent on a negative electrode current collector, followed by drying; or by casting the composition for forming a
negative electrode on a separate support and then laminating a film obtained by peeling off from the support on a negative
electrode current collector. In this case, the solvent may be the same as described above for the positive electrode.
[0104] According to still another embodiment of the present invention, there is provided an electrochemical device
including the above-described electrode. The electrochemical device may be, particularly, a battery, a capacitor or the
like, and particularly, may be a lithium secondary battery.
[0105] The lithium secondary battery includes, particularly, a positive electrode, a negative electrode disposed at a
position facing the positive electrode, a separator interposed between the positive electrode and the negative electrode
and an electrolyte. Here, at least one of the positive electrode and the negative electrode may be the above-described
electrode. Also, the lithium secondary battery may optionally further include a battery container accommodating an
electrode assembly of the positive electrode, the negative electrode and the separator, and a sealing member for sealing
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the battery container.
[0106] In the lithium secondary battery, the separator serves to separate the negative electrode and the positive
electrode and provide a flow passage for lithium ions. The separator is not particularly limited as long as it is used as a
separator in a common lithium secondary battery, and particularly, a separator which exhibits low resistance to migration
of electrolyte ions and has an excellent ability of absorbing an electrolyte solution is preferable. Specifically, the separator
may be, for example, a porous polymer film made of a polyolefin-based polymer such as an ethylene homopolymer, a
propylene homopolymer, an ethylene/butene copolymer, an ethylene/hexene copolymer, an ethylene/methacrylate co-
polymer or the like, or a stacked structure having two or more layers made thereof. Alternatively, the separator may be
a common porous non-woven fabric, for example, a non-woven fabric made of glass fiber with a high melting point,
polyethylene terephthalate fiber or the like. Also, in order to ensure heat resistance or mechanical strength, the separator
may be a coated separator including ceramic components or polymer materials, and optionally, may be used in a single-
layer or multi-layer structure.
[0107] The electrolyte used in the present invention may be an organic liquid electrolyte, an inorganic liquid electrolyte,
a solid polymer electrolyte, a gel polymer electrolyte, an inorganic solid electrolyte, a molten-type inorganic electrolyte
or the like, which may be used in the manufacture of a lithium secondary battery, but the present invention is not limited
thereto.
[0108] Specifically, the electrolyte may include an organic solvent and a lithium salt.
[0109] The organic solvent is not particularly limited as long as it may act as a medium capable of migrating ions
involved in an electrochemical reaction of a battery. Specifically, the organic solvent may be an ester-based solvent
such as methyl acetate, ethyl acetate, γ-butyrolactone, ε-caprolactone or the like; an ether-based solvent such as dibutyl
ether, tetrahydrofuran or the like; a ketone-based solvent such as cyclohexanone or the like; an aromatic hydrocarbon-
based solvent such as benzene, fluorobenzene or the like; a carbonate-based solvent such as dimethyl carbonate
(DMC), diethyl carbonate (DEC), methyl ethyl carbonate (MEC), ethyl methyl carbonate (EMC), ethylene carbonate
(EC), propylene carbonate (PC) or the like; an alcohol-based solvent such as ethyl alcohol, isopropyl alcohol or the like;
nitriles such as R-CN (R is a C2 to C20 hydrocarbon group with a linear, branched or cyclic structure and may include
a double-bond aromatic ring or an ether linkage) or the like; amides such as dimethylformamide or the like; dioxolane
such as 1,3-dioxolane or the like; or sulfolane. Among these compounds, the carbonate-based solvent is preferable,
and a mixture of a cyclic carbonate having high ionic conductivity and a high dielectric constant, which are capable of
increasing the charging and discharging performance of a battery (e.g., EC, PC or the like) and a linear carbonate-based
compound with low viscosity (e.g., EMC, DMC, DEC or the like) is more preferable. In this case, when the cyclic carbonate
and chain carbonate are mixed at a volume ratio of about 1:1 to about 1:9 for use, excellent performance of an electrolyte
solution may be exhibited.
[0110] The lithium salt is not particularly limited as long as it can provide a lithium ion used in a lithium secondary
battery. Specifically, the lithium salt may be LiPF6, LiClO4, LiAsF6, LiBF4, LiSbF6, LiAlO4, LiAlCl4, LiCF3SO3, LiC4F9SO3,
LiN(C2F5SO3)2, LiN(C2F5SO2)2, LiN(CF3SO2)2. LiCl, LiI, LiB(C2O4)2 or the like. The concentration of the lithium salt is
preferably within 0.1 to 2.0 M. When the concentration of the lithium salt is within the above range, an electrolyte has
appropriate conductivity and viscosity, and thus excellent performance of the electrolyte may be exhibited and lithium
ions may be effectively migrated.
[0111] In addition to the electrolyte components, for the purpose of improving lifespan characteristics of the battery,
suppressing a decrease in battery capacity, improving discharge capacity of the battery and the like, the electrolyte may
further include one or more additives such as a halogenated carbonate-based compound such as difluoroethylene
carbonate or the like, pyridine, triethyl phosphite, triethanolamine, a cyclic ether, ethylene diamine, n-glyme, hexaphos-
phoric triamide, nitrobenzene derivatives, sulfur, quinoneimine dyes, N-substituted oxazolidinone, N,N-substituted imi-
dazolidine, ethylene glycol dialkyl ethers, ammonium salts, pyrrole, 2-methoxyethanol, aluminum trichloride and the like.
In this case, the additives may be included at 0.1 to 5 wt% with respect to the total weight of the electrolyte.
[0112] As described above, the lithium secondary battery including the electrode manufactured using the conductive
material according to the present invention may stably exhibit excellent discharge capacity, output characteristics and
a capacity retention rate due to a decrease in resistance caused by an increase in electric conductivity in the electrode.
As a result, the lithium secondary battery is useful in the portable devices such as mobile phones, notebook PCs, digital
cameras and the like and the electric vehicles such as a hybrid electric vehicle (HEV) and the like.
[0113] There are provided a battery module including the above-described lithium secondary battery as a unit cell and
a battery pack including the same.
[0114] The battery module or the battery pack may be used as any one or more power sources of medium- to large-
sized devices such as a power tool; an electric vehicle including an electric vehicle (EV), an HEV and a plug-in hybrid
electric vehicle (PHEV); and a system for storing electric power.
[0115] Hereinafter, the present invention will be described in detail with reference to embodiments so that those skilled
in the art can easily carry out the present invention. However, the present invention may be implemented in several
different forms, and therefore, is not limited to embodiments described herein.
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[Preparation Example: Preparation of supported catalyst]

[0116] As a metal catalyst precursor, a solution in which 2.391 mg of Fe(NO3)2.9H2O, 7.341 mg of Co(NO3)26H2O,
0.552 mg of (NH4)6Mo7O24 and 0.344 mg of NH4VO3 were completely dissolved in 15.0 ml of distilled water was prepared.
The solution thus prepared was added to 12.5 mg of spherical α-Al2O3 (pore volume: 0.01 cm3/g, BET specific surface
area: 4.9 m2/g, product commercially available from Saint Gobain) as a support, followed by aging while stirring in a
thermostat reactor including a 100 °C reflux bath for 15 hours.
[0117] The aged substance was dried in a rotary vacuum device at 100 rpm and 150 mbar in a 60 °C thermostat bath
for 30 minutes, then 15 ml of ethanol was added thereto, the mixture was mixed, dispersed at 100 rpm, and dried, which
were repeatedly performed twice. The dried substance thus obtained was first calcined at 350 °C, and second calcined
in air at 600 °C for 3 hours, thereby preparing a spherical and uniform supported catalyst (metals were included at a
content of 18.1 parts by weight (Fe: 2.6 parts by weight, Co: 11.9 parts by weight, Mo: 2.4 parts by weight and V: 1.2
parts by weight) with respect to 100 parts by weight of the α-Al2O3 support).

[Example 1-1: Preparation of conductive material]

[0118] The supported catalyst prepared in Preparation Example was used to synthesize CNTs in a laboratory-scale
fluidized bed reactor.
[0119] Specifically, the supported catalyst prepared in Preparation Example was mounted in the center of a quartz
tube having an inner diameter of 55 mm, and a synthesizing temperature was raised to 670 °C under a nitrogen atmosphere
and then maintained. Afterward, while nitrogen, hydrogen and ethylene gas flowed in a volume mixing ratio of the same
ratio (volume ratio of 1:1:1) at a speed of 60 sccm/min, a reaction was induced for 2 hours, thereby synthesizing CNTs.
[0120] The synthesized CNTs were charged in a reactor composed of a quartz tube, a temperature of the reactor was
then raised to 900 °C under vacuum. After a target temperature was reached, chlorine gas (Cl2) in a vapor phase was
supplied to the reactor for 15 minutes to perform a chlorination process. Afterward, a temperature of the reactor was
raised to 1,200 °C, and nitrogen gas was injected to remove metal chloride in the CNTs.

[Example 1-2 and Comparative Examples 1-1 and 1-2: Preparation of conductive material]

[0121] A conductive material was prepared in the same manner as in Example 1-1 except that conditions listed in
Table 1 below were used.

[Comparative Example 1-3: Preparation of conductive material]

[0122] CNTs were prepared in the same manner as in Example 1-1 except that conditions listed in Table 1 below were
used.
[0123] The CNTs thus prepared were impregnated with a hydrochloric acid solution (4 N), and then kept at room
temperature overnight to remove metal chloride in the CNTs. Afterward, the resulting CNTs were washed with water
and dried, thereby preparing a conductive material.

[Table 1]

Preparation process of CNTs Removal process of metal impurities in CNTs

Supported 
catalyst (metal 

catalyst/
supporting 
material)

Synthesizing 
temperature 

(°C)

Chlorine 
source

Chlorinating 
temperature 

(°C)

Controlling 
temperature 

of metal 
chloride (°C)

Gaseous 
atmosphere 

upon removal of 
metal impurities

Example 1-1 FeCoMoV/α-
alumina

670 Cl2 900 1,200 Vacuum

Example 1-2 FeCoMoV/α-
alumina

720 CHCl3 750 900 N2 flow

Comparative 
Example 1-1

FeCoMoV/γ-
alumina

700 Cl2 900 1,200 Vacuum

Comparative 
Example 1-2

FeCoMoV/α-
alumina

800 Cl2 900 1,200 Vacuum



EP 3 349 280 B1

14

5

10

15

20

25

30

35

40

45

50

55

[Experimental Example 1]

[0124] The CNTs prepared in Example 1-1 and Comparative Example 1-1 were observed using a scanning electron
microscope (SEM), results of which are shown in FIGS. 1a to 2b, respectively.
[0125] As a measurement result, the CNTs according to Example 1-1 and the CNTs according to Comparative Example
1-1 had a secondary structure in which units in a tube shape having an equivalent level of diameter were entangled.
However, it can be confirmed that the CNT units prepared by the method according to the present invention had longer
length and high straightness compared to Comparative Example 1-1. Also, it can be confirmed that a spherical particle
with a secondary structure in Example 1-1 had a much larger particle size than that in Comparative Example 1-1.

[Experimental Example 2]

[0126] For the conductive materials prepared in Examples 1-1 and 1-2, Comparative Examples 1-1, 1-2, 1-3, 1-4 and
1-5, the secondary structure form, average particle size, average circularity, purity, BET specific surface area, bulk
density, true density, and a content of metal impurities of the CNTs, and a diameter of a unit constituting the CNTs were
measured as follows, results of which are shown in Table 2 below.

1) Form, average particle size (D50) and average circularity of CNTs: The average particle size and secondary
structure form of the CNTs were observed using a SEM.
In addition, the average circularity was measured from the length ratio of a long axis and a short axis in the observed
CNTs.
2) Diameter of CNT unit: The diameter of a CNT unit was measured using a SEM and a BET method.
3) Purity: The purity of the CNTs was measured through an ash test.
4) Content of metal impurities: ICP analysis was performed.
5) BET specific surface area: The BET specific surface area was calculated from the adsorption amount of nitrogen
gas at the temperature of liquid nitrogen (77 K) using BELSORP-mini II commercially available from BEL Japan Inc.
6) Bulk density: The bulk density was calculated by introducing CNTs into a 20 ml container and measuring a weight.
7) True density: The true density was measured using AccuPyc II-1340 commercially available from Micromeritics
Instrument Corporation.

(continued)

Preparation process of CNTs Removal process of metal impurities in CNTs

Supported 
catalyst (metal 

catalyst/
supporting 
material)

Synthesizing 
temperature 

(°C)

Chlorine 
source

Chlorinating 
temperature 

(°C)

Controlling 
temperature 

of metal 
chloride (°C)

Gaseous 
atmosphere 

upon removal of 
metal impurities

Comparative 
Example 1-3

FeCoMoV/α-
alumina

670 liquid purification using hydrochloric acid

Comparative 
Example 1-4

FeCoMoV/α-
alumina

550 Cl2 900 1,200 Vacuum

Comparative 
Example 1-5

FeCoMoV/α-
alumina

760 No purification process
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[Experimental Example 3]

[0127] For the CNTs synthesized in Example 1-1 and Comparative Example 1-1, a packing volume resistivity was
measured, results of which are shown in FIG. 3.
[0128] As a result, the CNTs according to Example 1-1 exhibited a packing volume resistivity of 0.01 to 0.025 ohm·cm
at a packing density of 0.9 to 1.5 g/cc, which was low compared to the CNTs according to Comparative Example 1-1 in
the section of the same packing density.

[Example 2-1: Manufacture of positive electrode and lithium secondary battery]

[0129] The conductive material prepared in Example 1-1 was used to manufacture a positive electrode for a lithium
secondary battery and a lithium secondary battery.
[0130] Specifically, a positive electrode active material, a conductive material and PVDF as a binder were mixed in
N-methyl pyrrolidone (NMP) as a solvent in a weight ratio of 95:2.5:2.5 to prepare a composition for forming a positive
electrode (viscosity: 5,000 mPa·s). The composition was applied on an aluminum current collector, then dried at 130 °C
and rolled, thereby manufacturing a positive electrode. In this case, as the conductive material, carbon black (CB)
(D50=50 nm, BET specific surface area=49 m2/g) and the conductive material prepared in Example 1-1 were mixed at
contents listed in Table 3 below for use.
[0131] In addition, natural graphite as a negative electrode active material, CB as a conductive material and PVDF as
a binder were mixed in NMP as a solvent in a weight ratio of 85:10:5 to prepare a composition for forming a negative
electrode, and the composition was applied on a copper current collector, thereby manufacturing a negative electrode.
[0132] A porous polyethylene separator was interposed between the positive electrode and the negative electrode
thus manufactured to manufacture an electrode assembly, the electrode assembly was disposed in a case, and then
an electrolyte solution was injected into the inside of the case, thereby manufacturing a lithium secondary battery. In
this case, the electrolyte solution was prepared by dissolving 1.0 M lithium hexafluorophosphate (LiPF6) in an organic
solvent composed of ethylene carbonate/dimethyl carbonate/ethyl methyl carbonate (volume mixing ratio of
EC/DMC/EMC=3/4/3).

[Example 2-2: Manufacture of positive electrode and lithium secondary battery]

[0133] A positive electrode and a lithium secondary battery were manufactured in the same manner as in Example
2-1 except that the CNTs prepared in Example 1-2 were used as a conductive material for forming a positive electrode.

[Example 3: Manufacture of positive electrode and lithium secondary battery]

[0134] A positive electrode and a lithium secondary battery were manufactured in the same manner as in Example
2-1 except that the CNTs prepared in Example 1-1 were used alone at 1.3 wt% as a conductive material for forming a
positive electrode as listed in Table 3 below.

[Comparative Examples 2-1 to 2-5: Manufacture of positive electrode and lithium secondary battery]

[0135] A positive electrode and a lithium secondary battery were manufactured in the same manner as in Example
2-1 except that respective CNTs prepared in Comparative Examples 1-1 to 1-5 were used at a content listed in Table
3 below as a conductive material for forming a positive electrode.

[Comparative Example 3: Manufacture of positive electrode and lithium secondary battery]

[0136] A positive electrode and a lithium secondary battery were manufactured in the same manner as in Example
2-1 except that CB was used alone at 1.7 wt% as a conductive material for forming a positive electrode as listed in Table
3 below.

[Table 3]

CNT CB1)

Example 2-1 Example 1-1 (0.7 wt%) CB (0.7 wt%)

Example 2-2 Example 1-2 (0.7 wt%) CB (0.7 wt%)

Example 3 Example 1-1 (1.3 wt%) -
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[0137] In Table 3, CB1) is carbon black with a spherical particle shape (D50=50 nm, BET specific surface area=49
m2/g and average circularity=1)

[Experimental Example 4]

[0138] For the lithium secondary batteries according to Examples 2-1 and 2-2, Example 3, Comparative Examples
2-1 to 2-5, and Comparative Example 3, battery characteristics were evaluated at room temperature (25 °C) as follows.
[0139] Specifically, for the lithium secondary batteries according to Example 2-1 and 2-2, Example 3, Comparative
Examples 2-1 to 2-5, and Comparative Example 3, each voltage drop according to a change in capacity upon charging
and discharging under a condition listed in Table 4 below within an operating voltage of 2.8 to 4.3 V at room temperature
(25 °C) and a change in capacity upon charging and discharging under a condition of 1 C/1 C within an operating voltage
of 2.8 to 4.3 V at room temperature (25 °C) was measured, results of which are shown in Table 4 below and FIGS. 4 and 5.

[0140] As a result, the batteries according to Examples 2-1, 2-2 and Example 3, which included the CNTs prepared
in Example 1-1 or 1-2 as a conductive material exhibited excellent rate characteristics and discharge characteristics at
room temperature compared to the battery according to Comparative Example 2-1, which included the CNTs prepared
by using a conventional catalyst according to Comparative Example 1-1, the batteries according to Comparative Examples
2-2 to 2-5, which included CNTs that do not satisfy physical requirements in the present invention, and the battery
according to Comparative Example 3 in which CB was used alone as a conductive material.

[Experimental Example 5]

[0141] For the lithium secondary batteries according to Example 2-1, Comparative Example 2-1, and Comparative
Example 3, discharge characteristics upon charging and discharging under a condition of 0.2 C within an operating
voltage of 2.7 to 3.8 V at low temperature (-20 °C) were evaluated, results of which are shown in Table 5 below and FIG. 6.

(continued)

CNT CB1)

Comparative Example 2-1 Comparative Example 1-1 (0.7 wt%) CB (0.7 wt%)

Comparative Example 2-2 Comparative Example 1-2 (0.7 wt%) CB (0.7 wt%)

Comparative Example 2-3 Comparative Example 1-3 (0.7 wt%) CB (0.7 wt%)

Comparative Example 2-4 Comparative Example 1-4 (0.7 wt%) CB (0.7 wt%)

Comparative Example 2-5 Comparative Example 1-5 (0.7 wt%) CB (0.7 wt%)

Comparative Example 3 - CB (1.7 wt%)

[Table 4]

0.1C/0.1C 0.2 C/0.1 C 0.5 C/0.1 C 1.0 C/0.1 C 2.0 C/0.1 C

Example 2-1 100 99.6 97.5 88.1 40.0

Example 2-2 100 99.6 97.5 87.1 39.1

Example 3 100 99.5 95.5 89.0 41.0

Comparative Example 2-1 100 99.5 97.2 83.3 34.5

Comparative Example 2-2 100 80.0 52.0 15.0 -

Comparative Example 2-3 100 99.0 92.0 80.0 30.1

Comparative Example 2-4 100 73.0 31.2 8.9 -

Comparative Example 2-5 100 99.4 97.0 78.8 38.1

Comparative Example 3 100 99.6 97.0 75.8 29.8
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[0142] As a result, the battery according to Example 2-1, which included the CNTs according to Example 1-1 as a
conductive material, exhibited improved discharge characteristics at low temperature compared to Comparative Example
2-1 and Comparative Example 3.

Claims

1. A conductive material for a secondary battery comprising carbon nanotubes having a spherical secondary structure
in which carbon nanotube units having a diameter of 20 to 150 nm are entangled, exhibiting a ratio (TD/BD) of a
true density (TD) and a bulk density (BD) of 30 to 120, and containing a metal at a content of 50 ppm or less.

2. The conductive material of claim 1, wherein the carbon nanotubes have a bulk density of 20 to 80 kg/m3 and a true
density of 2,100 to 2,500 kg/m3.

3. The conductive material of claim 1, wherein the carbon nanotubes have a BET specific surface area of 30 to 120 m2/g.

4. The conductive material of claim 1, wherein the carbon nanotubes have an average particle size (D50) of 200 to 800
mm.

5. The conductive material of claim 1, wherein the carbon nanotubes include any one or two or more metal elements
selected from the group consisting of Fe, Co, Mo, V and Cr at a content of 5 ppm or less.

6. The conductive material of claim 1, wherein the carbon nanotubes with a secondary structure have a packing volume
resistivity of 0.01 to 0.02 ohm·cm at a packing density of 0.9 to 1.5 g/cc.

7. The conductive material of claim 1, further comprising 50 to 200 parts by weight of a particulate carbon-based
material with respect to 100 parts by weight of the carbon nanotubes.

8. The conductive material of claim 7, wherein the particulate carbon-based material is carbon black.

9. A method of preparing the conductive material for a secondary battery according to claim 1, comprising:

preparing carbon nanotubes by bringing a supported catalyst in which a metal catalyst is supported in an α-
alumina support in contact with a carbon source at equal to or greater than 650 °C and less than 800 °C; and
removing metal impurities in the carbon nanotubes through chlorination, wherein the removal of metal impurities
in the carbon nanotubes is performed by a process in which the carbon nanotubes prepared in the first operation
are brought in contact with a gaseous chlorine source under a nitrogen or vacuum atmosphere at 450 to 900
°C to chlorinate a metal in the carbon nanotubes, and then the chlorinated metal is evaporated through heating
to 800 to 1,500 °C.

10. An electrode for a secondary battery comprising the conductive material according to claim 1.

11. The electrode of claim 10, wherein the electrode is a positive electrode.

12. A lithium secondary battery comprising the electrode according to claim 10.

[Table 5]

Example 2-1 Comparative 
Example 2-1

Comparative Example 3

Discharging time (sec) 30.64 25.88 27.61

Increase rate of discharging time compared to 
Comparative Example 2-1 (%)

118 100 107
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Patentansprüche

1. Leitfähiges Material für eine Sekundärbatterie, umfassend Kohlenstoffnanoröhrchen mit einer kugelförmigen Se-
kundärstruktur, in welcher Kohlenstoffnanoröhrcheneinheiten mit einem Durchmesser von 20 bis 150 nm verwickelt
sind, zeigend ein Verhältnis (TD/BD) einer wahren Dichte (TD) und einer Schüttdichte (BD) von 30 bis 120, und
enthaltend ein Metall mit einem Gehalt von 50 ppm oder weniger.

2. Leitfähiges Material nach Anspruch 1, wobei die Kohlenstoffnanoröhrchen eine Schüttdichte von 20 bis 80 kg/m3

und eine wahre Dichte von 2.100 bis 2.500 kg/m3 aufweisen.

3. Leitfähiges Material nach Anspruch 1, wobei die Kohlenstoffnanoröhrchen eine spezifische BET-Oberfläche von 30
bis 120 m2/g aufweisen.

4. Leitfähiges Material nach Anspruch 1, wobei die Kohlenstoffnanoröhrchen eine durchschnittliche Teilchengröße
(D50) von 200 bis 800 mm aufweisen.

5. Leitfähiges Material nach Anspruch 1, wobei die Kohlenstoffnanoröhrchen irgendeines oder zwei oder mehr Metal-
lelemente einschließen, ausgewählt aus der Gruppe bestehend aus Fe, Co, Mo, V und Cr in einem Gehalt von 5
ppm oder weniger.

6. Leitfähiges Material nach Anspruch 1, wobei die Kohlenstoffnanoröhrchen mit einer Sekundärstruktur einen Pa-
ckungsvolumenwiderstand von 0,01 bis 0,02 Ω•cm bei einer Packungsdichte von 0,9 bis 1,5 g/cc aufweisen.

7. Leitfähiges Material nach Anspruch 1, weiter umfassend 50 bis 200 Gewichtsteile eines Materials auf Basis von
teilchenförmigem Kohlenstoff in Bezug auf 100 Gewichtsteile der Kohlenstoffnanoröhrchen.

8. Leitfähiges Material nach Anspruch 7, wobei das Material auf Basis von teilchenförmigem Kohlenstoff Kohlenstoffruß
ist.

9. Verfahren zum Herstellen des leitfähigen Materials für eine Sekundärbatterie nach Anspruch 1, umfassend:

Herstellen von Kohlenstoffnanoröhrchen durch Inkontaktbringen eines geträgerten Katalysators, bei welchem
ein Metallkatalysator auf einem alpha-Aluminiumoxidträger geträgert ist, mit einer Kohlenstoffquelle bei gleich
oder größer als 650°C und weniger als 800°C; und
Entfernen von Metallverunreinigungen in dem Kohlenstoffnanoröhrchen durch Chlorierung, wobei das Entfernen
von Metallverunreinigungen in den Kohlenstoffnanoröhrchen durchgeführt wird durch ein Verfahren, in welchem
die Kohlenstoffnanoröhrchen, die im ersten Schritt hergestellt werden, in Kontakt gebracht werden mit einer
gasförmigen Chlorquelle unter einer Stickstoff- oder Vakuumatmosphäre bei 450 bis 900°C, um ein Metall in
dem Kohlenstoffnanoröhrchen zu chlorieren, und wobei dann das chlorierte Metall durch Erwärmen auf 800 bis
1.500°C verdampft wird.

10. Elektrode für eine Sekundärbatterie, umfassend das leitfähige Material nach Anspruch 1.

11. Elektrode nach Anspruch 10, wobei die Elektrode eine positive Elektrode ist.

12. Lithiumsekundärbatterie, umfassend die Elektrode nach Anspruch 10.

Revendications

1. Matériau conducteur destiné à une batterie secondaire comprenant des nanotubes de carbone ayant une structure
secondaire sphérique dans laquelle des unités de nanotubes de carbone ayant un diamètre 20 à 150 nm sont
enchevêtrées, présentant un rapport (TD/BD) d’une masse volumique réelle (TD) et d’une masse volumique appa-
rente (BD) de 30 à 120 et contenant un métal à une teneur de 50 ppm ou inférieure.

2. Matériau conducteur selon la revendication 1, dans lequel les nanotubes de carbone ont une masse volumique
apparente de 20 à 80 kg/m3 et une masse volumique réelle de 2 100 à 2 500 kg/m3.
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3. Matériau conducteur selon la revendication 1, dans lequel les nanotubes de carbone ont une surface spécifique
BET de 30 à 120 m2/g.

4. Matériau conducteur selon la revendication 1, dans lequel les nanotubes de carbone ont une taille moyenne de
particules (D50) de 200 à 800 mm.

5. Matériau conducteur selon la revendication 1, dans lequel les nanotubes de carbone contiennent un quelconque
ou deux éléments métalliques ou plus sélectionnés dans le groupe constitué de Fe, Co, 20 Mo, V et Cr à une teneur
de 5 ppm ou moins.

6. Matériau conducteur selon la revendication 1, dans lequel les nanotubes de carbone ayant une structure secondaire
ont une résistivité volumique au tassement de 0,01 à 0,02 ohm·cm pour une densité de tassement de 0,9 à 1,5 g/cc.

7. Matériau conducteur selon la revendication 1, comprenant en outre 50 à 200 parties en poids d’un matériau parti-
culaire à base de carbone par rapport à 100 parties en poids des nanotubes de carbone.

8. Matériau conducteur selon la revendication 7, dans lequel le matériau particulaire à base de carbone est du noir
de carbone.

9. Procédé de préparation du matériau conducteur pour une batterie secondaire selon la revendication 1, comprenant
les étapes consistant à :

préparer des nanotubes de carbone en mettant un catalyseur supporté, dans lequel un catalyseur métallique
est supporté dans un support d’aluminium alpha, en contact avec une source de carbone à une température
égale ou supérieure à 650 °C et inférieure à 800 °C ; et
éliminer des impuretés métalliques dans les nanotubes de carbone par chloration, dans lequel l’élimination des
impuretés métalliques dans les nanotubes de carbone est effectuée par un procédé dans lequel les nanotubes
de carbone préparés dans la première opération sont mis en contact avec une source de chlore gazeux sous
une atmosphère d’azote ou sous vide à une température de 450 à 900 °C pour chlorer un métal dans les
nanotubes de carbone, le métal chloré étant ensuite fait évaporé par chauffage à 800 à 1 500 °C.

10. Électrode destinée à une batterie secondaire comprenant le matériau conducteur selon la revendication 1.

11. Électrode selon la revendication 10, l’électrode étant une électrode positive.

12. Batterie secondaire au lithium comprenant l’électrode selon la revendication 10.
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