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(57) ABSTRACT

Provided is a method for preparing boron nitride nanotubes,
the method including: injecting a boron-metal catalyst com-
posite into a reaction chamber; injecting a nitrogen precursor
into the reaction chamber; producing a decomposition prod-
uct of the boron-metal catalyst composite in a gas state by
irradiating the boron-metal catalyst composite with a carbon
dioxide laser or a free electron laser; and forming boron
nitride nanotubes by reacting the decomposition product of
the boron-metal catalyst composite in the gas state with the
nitrogen precursor.
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METHOD FOR PREPARING BORON
NITRIDE NANOTUBES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority of Korean
Patent Application No. 10-2016-0099101, filed on Aug. 3,
2016, and all the benefits accruing therefrom under 35
U.S.C. §119, the contents of which in its entirety are herein
incorporated by reference.

BACKGROUND

1. Field

[0002] The present disclosure relates to a method for
preparing boron nitride nanotubes (BNNTs). More particu-
larly, the present disclosure relates to a method for preparing
boron nitride nanotubes, which has a high production ratio
of boron nitride nanotubes with single and double walls.

2. Description of the Related Art

[0003] Boron nitride nanotubes are a material having
boron and nitrogen bonded to each other at a ratio of 1:1 and
have a structure similar to that of carbon nanotubes, but do
not mean a structure composed of only carbon, but mean a
nanotube structural body having a form in which a boron
atom and a nitrogen atom are alternately composed. Simi-
larly to carbon nanotubes, each element in the boron nitride
nanotubes is composed of strong sp2 covalent bonds, and
weak van der Waals force is present between each layer.
[0004] A one-dimensional boron nitride nanotube and a
zero-dimensional, two-dimensional, or three-dimensional
boron nitride nano structural body are one of the promising
materials for composite material applications in which
numerous studies have been recently conducted, and the
like, and have various excellent physical and chemical
properties as in carbon nanotubes, fullerenes, and graphenes,
which are a similar structural body. In particular, boron
nitride nanotubes have an excellent strength as compared to
a standard weight, and have excellent temperature resistance
and thermal conductivity sufficient not to be oxidized even
in the air at 800° C. unlike carbon nanotubes and a nano
structural body, which are oxidized at 500° C. In addition,
the boron nitride nanotubes are a promising material capable
of shielding radioactivity due to a high piezoelectric effect
and a high content of a boron-10 isotope. However, since the
first discovery of a boron nitride material, it has been
difficult to sufficiently supply high-quality boron nitride
nanotubes with single and double walls and a high-quality
boron nitride nano structural body, so that studies and
commercialization have not been sufficiently conducted in
the field of composite materials, and the like.

[0005] Meanwhile, the boron nitride nanotubes have been
synthesized by an arc-discharge method, a laser method, a
ball-milled method, a chemical vapor deposition (CVD)
method, and the like for recent several years, but there is a
problem in that only a small production at a laboratory level
can be achieved, and boron nitride nanotubes to be produced
have very large diameters and exhibit a multi-layered boron
nitride nanotube structure, so that there is a problem in that
the overall physical properties of boron nitride nanotubes
exhibit significantly lower values than theoretical physical
properties thereof.
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[0006] Accordingly, there is an urgent need for developing
the preparation of boron nitride nanotubes having better
physical properties.

REFERENCES OF THE RELATED ART

Non-Patent Documents

[0007] (Non-Patent Document 1) Arenal et al. J. Am.
Chem. Soc. (2007) 129 16183-16189, Root-Growth
Mechanism for Single-Walled Boron Nitride Nanotubes
in Laser Vaporization Technique

[0008] (Non-Patent Document 2) Gnoffo et al. 43rd AIAA
Thermophysics Conference New Orleans, La.

[0009] (Non-Patent Document 3) Smith et al. Nanotech-
nology 20 (2009) 505604 (6 pp), Very long single- and
few-walled boron nitride nanotubes via the pressurized
vapor/condenser method

SUMMARY

[0010] In an aspect, the present disclosure is directed to
providing a method for preparing boron nitride nanotubes,
which has a high production ratio of boron nitride nanotubes
with single and double walls.

[0011] In an aspect, the present disclosure provides a
method for preparing boron nitride nanotubes, the method
including: injecting a boron-metal catalyst composite into a
reaction chamber; injecting a nitrogen precursor into the
reaction chamber; producing a decomposition product of the
boron-metal catalyst composite in a gas state by irradiating
the boron-metal catalyst composite with a carbon dioxide
laser or a free electron laser; and forming boron nitride
nanotubes by reacting the decomposition product of the
boron-metal catalyst composite in the gas state with the
nitrogen precursor.

[0012] In an exemplary embodiment, a ratio of single-
walled boron nitride nanotubes and double-walled boron
nitride nanotubes in the formed boron nitride nanotubes may
be 70 wt % to 99.9 wt %.

[0013] In another exemplary embodiment, the boron-
metal catalyst composite may include a boron fiber and a
metal catalyst deposited onto the boron fiber.

[0014] In another exemplary embodiment, the metal cata-
lyst may be deposited by a deposition device including one
or more selected from the group consisting of a deposition
device using e-beam, a sputtering deposition device, an
electroplating device, and an electroless plating device.
[0015] In another exemplary embodiment, the boron-
metal catalyst composite may be a mixture of a boron
powder including boron and a metal catalyst.

[0016] In another exemplary embodiment, the metal cata-
lyst may include one or more selected from the group
consisting of nickel (Ni), copper (Cu), iron (Fe), chromium
(Cr), cobalt (Co), zinc (Zn), aluminum (Al), silicon (Si),
scandium (Sc), titanium (Ti), vanadium (V), manganese
(Mn), gallium (Ga), germanium (Ge), yttrium (Y), zirco-
nium (Zr), niobium (Nb), molybdenum (Mo), technetium
(Te), ruthenium (Ru), rhodium (Rh), palladium (Pd), silver
(Ag), hafnium (Hf), tantalum (Ta), tungsten (W), rhenium
(Re), osmium (Os), iridium (Ir), platinum (Pt), gold (Au),
bronze, stainless steel, white brass, brass, and a combination
thereof.
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[0017] In another exemplary embodiment, the boron-
metal catalyst composite may further include a solid pre-
cursor including a nitrogen atom.

[0018] In another exemplary embodiment, the injecting of
the nitrogen precursor into the reaction chamber may be
carried out under a pressure condition of 1 atm to 300 atm.
[0019] In another exemplary embodiment, when the boron
nitride nanotubes are prepared so as to include a metal
catalyst, the method may further include: etching the metal
catalyst from the boron nitride nanotubes by using an
etchant including any one selected from the group consisting
of ammonium persulfate, a nickel etchant, a copper etchant,
iron chloride (FeCly), nitric acid, hydrochloric acid, and
sulfuric acid.

[0020] In another exemplary embodiment, the boron
nitride nanotubes may be prepared so as to have an average
internal diameter of 1 nm to 10 nm.

[0021] According to the present disclosure, it is possible to
prepare boron nitride nanotubes including a high ratio of
boron nitride nanotubes with single and double walls at a
fast rate. In particular, the previously invented technologies
have difficulty in selectively synthesizing boron nitride
nanotubes having a few walls including single walls, but
since the present disclosure uses metal particles as a catalyst
in the preparation process, boron nitride nanotubes, particu-
larly, boron nitride nanotubes with single and double walls
may be prepared with excellent efficiency, so that high-
quality boron nitride nanotubes may be prepared.

[0022] Further, boron nitride nanotubes to be prepared
according to the preparation method of the present disclo-
sure are prepared so as to have excellent physical properties,
and thus may be widely applied to a composite material, and
the like. Specifically, the boron nitride nanotubes of the
present disclosure have high physical properties such as heat
resistance, corrosion resistance, chemical resistance, and
thermal conductivity, and thus may also be widely used in
the fiber field, and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG.1A s a schematic view of a preparation device
of boron nitride nanotubes according to an embodiment of
the present disclosure, and FIGS. 1B and 1C schematically
illustrate the reaction of a decomposition product of a
boron-metal catalyst composite with a nitrogen precursor in
a reaction chamber.

[0024] FIGS. 2A and 2B are a microscope photograph of
a boron-metal catalyst composite prepared according to an
embodiment of the present disclosure, and illustrate a pho-
tograph of a boron fiber onto which Fe is deposited.
[0025] FIG. 3A is a photograph illustrating a mass mea-
surement experiment of the boron nitride nanotubes pre-
pared according to an embodiment of the present disclosure,
FIG. 3B is a photograph of the boron nitride nanotubes
prepared according to the Comparative Example, FIG. 3C is
a photograph of the boron nitride nanotubes according to the
Example, and FIG. 3D is a photograph illustrating an optical
microscopy (OM) analysis result of boron nitride nanotubes.
[0026] FIGS. 4A and 4B are photographs illustrating a
scanning electron microscope (SEM) of the boron nitride
nanotubes prepared according to an embodiment of the
present disclosure, FIG. 4C illustrates a Raman analysis
result of a lattice vibration scattering mode of the boron
nitride nanotubes prepared according to an embodiment of
the present disclosure, and FIG. 4D illustrates a fourier
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transform infrared spectroscope (FT-IR) analysis result of
the boron nitride nanotubes prepared according to an
embodiment of the present disclosure.

[0027] FIGS. 5A to 5G illustrate a transmission electron
microscope (TEM) analysis result which observes an inter-
layer structure of the boron nitride nanotubes prepared
according to an embodiment of the present disclosure.
[0028] FIGS. 6A to 6C each illustrate transmission elec-
tron microscope (TEM) and energy dispersive X-ray spec-
troscopy (EDS) analysis results of the metal catalyst of the
boron nitride nanotubes prepared according to an embodi-
ment of the present disclosure.

[0029] FIG. 7 illustrates an element analysis result of the
boron nitride nanotubes prepared according to an embodi-
ment of the present disclosure by using an electron energy
loss spectroscopy (EELS) analysis device.

[0030] FIG. 8 illustrates a graph which analyzes the num-
ber of walls of the boron nitride nanotubes prepared accord-
ing to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0031] In the present specification, ‘metal particle’ or
‘metal catalyst’ is a metal particle which serves as a catalyst
and has a size from nanometers to micrometers, and means
metal particles deposited through various deposition meth-
ods.

[0032] In the present specification, ‘boron nitride nano-
tubes’ mean a material having a structure in which three of
each of boron having a honeycomb lattice shape and nitro-
gen intersect with adjacent atoms to form sp2 covalent
bonds. As a basic repeating unit of the boron nitride nano-
tubes, boron and nitrogen atoms are each basically formed,
but a polygonal structure may also be formed in the prepa-
ration step. The boron nitride nanotubes mean a broad
concept including single-walled, few-walled, and multiple-
walled boron nitride nanotubes.

[0033] In the present specification, ‘boron nitride nano-
tubes with single and double walls” mean a concept includ-
ing single-walled boron nitride nanotubes and double-
walled boron nitride nanotubes.

[0034] In the present specification, ‘a solid precursor
including a nitrogen atom’ means a precursor including
nitrogen (N) in a solid state.

[0035] Hereinafter, embodiments of the present disclosure
will be described in detail with reference to accompanying
drawings. Embodiments of the present disclosure have been
described with reference to accompanying drawings, but
have been described for illustration, and the technical spirit
of the present disclosure and the configuration and applica-
tion thereof are not limited thereby.

[0036] An embodiment of the present disclosure provides
a method for preparing boron nitride nanotubes, the method
including: injecting a boron-metal catalyst composite into a
reaction chamber; injecting a nitrogen precursor into the
reaction chamber; producing a decomposition product of the
boron-metal catalyst composite in a gas state by irradiating
the boron-metal catalyst composite with a carbon dioxide
laser or a free electron laser; and forming boron nitride
nanotubes by reacting the decomposition product of the
boron-metal catalyst composite in the gas state with the
nitrogen precursor.

[0037] Hereinafter, each step of the method will be
reviewed in detail.
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[0038] First, a boron-metal catalyst composite is injected
into a reaction chamber.

[0039] FIG.1A s a schematic view of a preparation device
of boron nitride nanotubes according to an embodiment of
the present disclosure. Referring to FIG. 1A, the preparation
device includes a supply device including a nitrogen pre-
cursor, a discharge device which discharges reacted gases or
unreacted gases, and the like present therein, and a reaction
chamber in which devices including a lens having a stable
transmission rate, through which laser can be transmitted,
are installed.

[0040] In an exemplary embodiment, the boron-metal
catalyst composite may include a boron fiber and a metal
catalyst deposited onto the boron fiber.

[0041] In another exemplary embodiment, the boron fiber
may be a pure boron fiber or a boron fiber including boron
nitride. Alternatively, the boron fiber may include a material
in the form of a fiber having a diameter of several hundred
micrometers or less, which is obtained by depositing boron
onto a metal wire using a CVD process, or a material
prepared in the form of a boron nitride fiber having a
diameter of several hundred micrometers or less.

[0042] When the boron-metal catalyst composite includes
a metal catalyst deposited onto a boron fiber, the metal
catalyst may be deposited by a deposition device including
one or more selected from the group consisting of a depo-
sition device using e-beam, a sputtering deposition device,
an electroplating device, and an electroless plating device.
[0043] Alternatively, a metal layer may also be formed by
depositing the metal catalyst onto the boron fiber. That is, the
boron-metal catalyst composite may include a boron fiber
and a metal layer which is deposited onto the boron fiber and
includes a metal catalyst.

[0044] In an exemplary embodiment, the metal catalyst is
not limited, but may be included within a range of 0.01 wt
% to 80 wt % based on the total weight of the boron fiber.
[0045] Meanwhile, even though a metal catalyst is
included in an extremely small amount in the boron-metal
catalyst composite, boron nitride nanotubes with single and
double walls may be prepared with an excellent efficiency.
For example, even though the metal catalyst is included
within a range of 0.01 wt % to 10 wt % based on the total
weight of the boron fiber, boron nitride nanotubes with
single and double walls may be prepared with an excellent
efficiency.

[0046] Meanwhile, in contrast, the boron-metal catalyst
composite may also be a mixture of a boron powder includ-
ing boron and a metal catalyst. In this case, since the
evaporation of boron generated during the synthesis process
of boron nitride nanotubes occurs in a relatively large
surface area, the production rate of boron nitride nanotubes
may be very high.

[0047] Inanother exemplary embodiment, the boron pow-
der may be a pure boron powder or a compressed boron
nitride powder.

[0048] In an embodiment, when the boron-metal catalyst
composite is a mixture of a boron powder and a metal
catalyst, the metal catalyst may be included at a weight ratio
of 0.01 wt % to 80 wt % based on the total weight of the
boron powder in the boron-metal catalyst composite.
[0049] Meanwhile, even though the metal catalyst is
included in an extremely small amount, boron nitride nano-
tubes with single and double walls may be prepared with an
excellent efficiency. For example, even though the metal
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catalyst is included at a weight ratio of 0.01 wt % to 10 wt
% based on the total weight of the boron powder, boron
nitride nanotubes with single and double walls may be
prepared with an excellent efficiency.

[0050] In an exemplary embodiment, the metal catalyst
may include one or more selected from the group consisting
of'nickel (Ni), copper (Cu), iron (Fe), chromium (Cr), cobalt
(Co), zinc (Zn), aluminum (Al), silicon (Si), scandium (Sc),
titanium (T1), vanadium (V), manganese (Mn), gallium (Ga),
germanium (Ge), yttrium (Y), zirconium (Zr), niobium (Nb),
molybdenum (Mo), technetium (Tc), ruthenium (Ru), rho-
dium (Rh), palladium (Pd), silver (Ag), hafnium (Hf), tan-
talum (Ta), tungsten (W), rhenium (Re), osmium (Os),
iridium (Ir), platinum (Pt), gold (Au), bronze, stainless steel,
white brass, brass, and a combination thereof.

[0051] Meanwhile, the boron-metal catalyst composite
may further include a solid precursor including a nitrogen
atom.

[0052] In an embodiment, the boron-metal catalyst com-
posite may further include a solid precursor including a
nitrogen atom in an amount of 50.0 at. % or less, preferably
1 at. % to 50.0 at. % based on the total mass of the
boron-metal catalyst composite.

[0053] In an embodiment, the solid precursor including a
nitrogen atom may be hexagonal boron nitride (h-BN).
[0054] Meanwhile, before the boron-metal catalyst com-
posite is injected into a reaction chamber, any one process of
an annealing process, a sintering process, and a surface
cleaning process may be further carried out. When the
process is carried out, the strength of the boron-metal
catalyst composite may be increased, and the purity thereof
may be improved.

[0055] Subsequently, a nitrogen precursor is injected into
the reaction chamber.

[0056] In an exemplary embodiment, the injecting of the
nitrogen precursor into the reaction chamber may be carried
out under a pressure condition of 1 atom or more and 300
atm or less, preferably 1 atm or more and 200 atm or less,
and more preferably 5 atm or more and 20 atm or less.
[0057] In another exemplary embodiment, the nitrogen
precursor is not limited as long as the nitrogen precursor is
a gas precursor including nitrogen, but may include one or
more selected from the group consisting of, for example,
precursors in a gas state, which include a nitrogen atom such
as nitrogen (N,) and ammonia (NH;).

[0058] Meanwhile, in an embodiment, when the nitrogen
precursor is injected, a hydrogen gas (H,) may be further
injected.

[0059] Thereafter, a decomposition product of a boron-
metal catalyst composite in a gas state is produced by
irradiating the boron-metal catalyst composite with a carbon
dioxide laser or a free electron laser.

[0060] Specifically, the decomposition product is formed
by irradiating the boron-metal catalyst composite with a
carbon dioxide laser or a free electron laser, and decompos-
ing the boron-metal catalyst composite using activate and
reactive energy generated thereby. At this time, due to the
high energy of the carbon dioxide laser or the free electron
laser, the boron-metal catalyst composite is decomposed and
evaporated, and as a result, a decomposition product of a
boron-metal catalyst composite in a gas state may be
formed, and boron (B) vapor may be generated on the
surface of the decomposition product.
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[0061] At this time, when the boron-metal catalyst com-
posite includes a boron fiber and a metal layer which is
formed on the boron fiber and includes a metal catalyst, the
carbon dioxide laser or the free electron laser is irradiated
onto a portion of the edges of a boron fiber and a metal layer
formed on the boron fiber, and accordingly, the edge of the
boron fiber is decomposed and evaporated, and as a result,
a decomposition product may be formed and boron (B)
vapor may be generated.

[0062] Meanwhile, when the decomposition product of the
boron-metal catalyst composite is produced, it is possible to
help the decomposition process to more smoothly proceed
by continuously further supplying light, heat, atmospheric
pressure plasma, and the like to the reaction chamber.
Further, an atmospheric pressure plasma process may be
further carried out.

[0063] Thereafter, boron nitride nanotubes are formed by
reacting the decomposition product of the boron-metal cata-
lyst composite in a gas state and/or boron (B) vapor with the
nitrogen precursor of the reaction chamber (see FIG. 1C).

[0064] Specifically, boron (B) vapor generated on the
surface of the above-described decomposition product may
be reacted with nitrogen (N) of the injected nitrogen pre-
cursor and subjected to processes such as adsorption, surface
diffusion, nucleation point production, and growth, and then
may be grown into boron nitride nanotubes.

[0065] At this time, the metal catalyst of the metal layer
may also be reacted with boron (B) and/or a nitrogen
precursor, and in this case, the boron nitride nanotubes may
be prepared so as to include a metal catalyst.

[0066] Meanwhile, when the boron nitride nanotubes are
prepared so as to include a metal catalyst, a step of etching
the metal catalyst from the boron nitride nanotubes may be
further carried out by using an etchant including any one
selected from the group consisting of ammonium persulfate,
a nickel etchant, a copper etchant, iron chloride (FeCl,),
nitric acid, hydrochloric acid, and sulfuric acid, and the
metal catalyst may be removed from the boron nitride
nanotubes through a simple chemical method as described
above.

[0067] Inanexemplary embodiment, the reaction chamber
may be maintained so as to have a temperature within a
range of 20° C. to 1,400° C. When the temperature of the
reaction chamber is maintained within the range, the syn-
thesis rate may be improved because the synthesis speed of
the boron nitride nanotubes is relatively fast.

[0068] As described above, the boron nitride nanotubes
according to the present disclosure may be produced by
reacting a decomposition product of a boron-metal catalyst
composite formed by laser with the nitrogen precursor. In
general, when boron nitride nanotubes are synthesized, it is
difficult to selectively synthesize boron nitride nanotubes
having a few walls including single walls, but according to
the method of the present disclosure, boron nitride nano-
tubes with single and double walls may be prepared with an
excellent efficiency because the boron nitride nanotubes
having a few walls are used as a metal catalyst in the
preparation process.

[0069] A ratio of single-walled boron nitride nanotubes
and double-walled boron nitride nanotubes in the formed
boron nitride nanotubes according to the present disclosure
may be 70 wt % to 99.9 wt %.

[0070] Further, according to the existing methods for
preparing boron nitride nanotubes, boron nitride nanotubes
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having a relatively large diameter are prepared, but accord-
ing to the method for preparing boron nitride nanotubes
according to the present disclosure, boron nitride nanotubes
having an average internal diameter of about 1 nm to about
10 nm may be prepared, and in this case, the overall quality
may be improved because most of the entire boron nitride
nanotubes are selectively synthesized as a structure which
has single walls and double walls.

[0071] Inaddition, according to the preparation method of
the present disclosure, boron nitride nanotubes are prepared
at a fast production rate to reduce production costs, and the
boron nitride nanotubes are prepared so as to have a high
quality, so that an improvement in productivity may be
achieved due to the low defective rate.

[0072] Hereinafter, the present disclosure will be
described in more detail through Examples. These Examples
are only for exemplifying the present disclosure, and it will
be obvious to those skilled in the art that the scope of the
present disclosure is not interpreted to be limited by these
Examples.

EXAMPLES

Example 1

[0073] An iron (Fe) metal catalyst was deposited onto a
boron fiber (thickness: 102 micrometers) purchased from
Specialty Materials, INC., USA using an e-beam deposition
device to prepare a boron-metal catalyst composite includ-
ing a metal layer deposited onto the boron fiber.

[0074] Thereafter, the boron-metal catalyst composite was
injected into a reaction chamber of a preparation device as
illustrated in FIG. 1, and a nitrogen precursor (N,) having a
high pressure of 14 atm was injected into the chamber.
Thereafter, boron (B) vapor was generated by irradiating an
end portion of the boron-metal catalyst composite with a
continuous carbon dioxide laser, and boron nitride nano-
tubes were prepared by reacting the boron (B) vapor with a
nitrogen precursor (see FIG. 1B and FIG. 1C).

Comparative Example 1

[0075] Boron nitride nanotubes were prepared by carrying
out the same process as in Example 1, except that a boron
fiber (thickness: 102 micrometers) purchased from Specialty
Materials, INC., USA was used instead of the boron-metal
catalyst composite in Example 1.

Experimental Examples

[0076] [Confirmation of Surface of Boron-Metal Catalyst
Composite]|
[0077] The surface of the boron-metal catalyst composite

in Example 1 was observed, and is illustrated in FIGS. 2A
and 2B. Referring to FIGS. 2A and 2B, it could be confirmed
that iron catalyst particles were deposited onto the boron
fiber.

[0078] [Confirmation of Production of Boron Nitride
Nanotubes]
[0079] 1) The mass of the boron nitride nanotubes pre-

pared according to Example 1 was measured (FIG. 3A), and
the surfaces of the boron nitride nanotubes prepared accord-
ing to Comparative Example 1 and the surfaces of the boron
nitride nanotubes prepared according to Example 1 were
observed (FIGS. 3B and 3C). Further, an optical microscopy
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(OM) analysis was carried out on the boron nitride nano-
tubes prepared according to Example 1, and the result is
illustrated in FIG. 3D.

[0080] Referring to FIGS. 3A to 3D, it could be confirmed
that when a metal catalyst was used during the preparation
of the boron nitride nanotubes, the metal catalyst was
oxidized, and as a result, showed brown color, and it could
be confirmed that boron nitride nanotubes having an excel-
lent quality were prepared.

[0081] 2) Further, a scanning electron microscope (SEM)
analysis result of the boron nitride nanometers prepared
according to Example 1 is illustrated in FIGS. 4A and 4B,
and a lattice vibration scattering mode of the boron nitride
nanotubes prepared according to Example 1 was analyzed
by Raman and fourier transform infrared spectroscope (F1-
IR), and the analysis results are illustrated in FIGS. 4C and
4D. In addition, the interlayer structure of the boron nitride
nanotubes prepared according to Example 1 were observed
and analyzed by a transmission electron microscope (TEM),
and the results are illustrated in FIGS. 5A to 5G. Referring
to FIGS. 5A to 5G, it could be confirmed that the boron
nitride nanotubes usually included single-walled boron
nitride nanotubes and double-walled boron nitride nano-
tubes. Further, it could also be confirmed that iron particles
were present between adjacent boron nitride nanotube
bundles, and inside or outside the boron nitride nanotubes.
In addition, referring to FIGS. 4A to 4D and FIGS. 5A to 5G,
it could be confirmed that through the van deer Waals-bonds,
boron nitride nanotube bundles having an average internal
diameter of about 1 nm to about 10 nm were formed, and it
could be confirmed that a metal catalyst was present inside
or outside a composite which formed the boron nitride
nanotube bundles (FIGS. 4A to 4D and FIGS. 5A to 5G).
[0082] Meanwhile, when the boron nitride nanotubes pre-
pared according to Example 1 include metal particles, trans-
mission electron microscope (TEM) and energy dispersive
X-ray spectroscopy (EDS) analysis results thereof are illus-
trated in FIGS. 6A to 6C, an element analysis was carried out
on the boron nitride nanotubes prepared according to
Example 1 by using an electron energy loss spectroscopy
(EELS) analysis device, and the results are illustrated in
FIG. 7.

[0083] Referring to the EDS analysis results in FIGS. 6A
to 6C, it could be confirmed that iron particles were included
in a smaller amount than nitrogen and boron elements, but
boron nitride nanotubes including iron particles were pre-
pared, and as a result of the EELS analysis in FIG. 7, it could
be again confirmed that the synthesized material in the form
of nanotubes is a material composed of boron and nitrogen.
[0084] [Confirmation of Contents of Single-Walled and
Double-Walled Boron Nitride Nanotubes in Boron Nitride
Nanotubes]

[0085] The number and ratio of single-walled, double-
walled, triple-walled, quadruple-walled, and multiple-
walled boron nitride nanotubes in the boron nitride nano-
tubes prepared according to an embodiment of the present
disclosure were measured, and the results are illustrated in
FIG. 8 and Table 1.

TABLE 1
Single- Double- Triple- Quadruple- Multiple-  Total
walled walled walled walled walled  number
Boron 89 137 46 23 22 317
nitride
nanotubes
Percentage  28.08 4322 1451 7.26 6.94 100

(%)
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[0086] Referring to FIG. 8 and Table 1, it was determined
that in the prepared boron nitride nanotubes, the preparation
ratio of double-walled boron nitride nanotubes was about
45%, which is the highest value, and the preparation ratio of
single-walled and double-walled boron nitride nanotubes
was about 72%. Accordingly, when boron nitride nanotubes
were prepared by using the metal catalyst according to the
present disclosure, it could be confirmed that high-quality
boron nitride nanotubes including a plurality of single-
walled boron nitride nanotubes and double-walled boron
nitride nanotubes could be formed with an excellent effi-
ciency.

[0087] The Examples of the present disclosure previously
described should not be interpreted to limit the technical
spirit of the present disclosure. The scope of the present
disclosure to be protected is limited only by the matters
described in the claims, and those skilled in the art of the
present disclosure can improve and change the technical
spirit of the present disclosure in various forms. Therefore,
such improvements and changes would fall within the scope
of the present disclosure to be protected as long as they are
obvious to those skilled in the art.

What is claimed is:

1. A method for preparing boron nitride nanotubes, the
method comprising:

injecting a boron-metal catalyst composite into a reaction

chamber;

injecting a nitrogen precursor into the reaction chamber;

producing a decomposition product of the boron-metal

catalyst composite in a gas state by irradiating the
boron-metal catalyst composite with a carbon dioxide
laser or a free electron laser; and

forming boron nitride nanotubes by reacting the decom-

position product of the boron-metal catalyst composite
in the gas state with the nitrogen precursor.

2. The method according to claim 1, wherein a ratio of
single-walled boron nitride nanotubes and double-walled
boron nitride nanotubes in the boron nitride nanotubes is 70
wt % to 99.9 wt %.

3. The method according to claim 1, wherein the boron-
metal catalyst composite comprises a boron fiber and a metal
catalyst deposited onto the boron fiber.

4. The method according to claim 3, wherein the metal
catalyst is deposited by a deposition device comprising one
or more selected from the group consisting of a deposition
device using e-beam, a sputtering deposition device, an
electroplating device, and an electroless plating device.

5. The method according to claim 3, wherein the metal
catalyst comprises one or more selected from the group
consisting of nickel (Ni), copper (Cu), iron (Fe), chromium
(Cr), cobalt (Co), zinc (Zn), aluminum (Al), silicon (Si),
scandium (Sc), titanium (Ti), vanadium (V), manganese
(Mn), gallium (Ga), germanium (Ge), yttrium (Y), zirco-
nium (Zr), niobium (Nb), molybdenum (Mo), technetium
(Te), ruthenium (Ru), rhodium (Rh), palladium (Pd), silver
(Ag), hafnium (Hf), tantalum (Ta), tungsten (W), rhenium
(Re), osmium (Os), iridium (Ir), platinum (Pt), gold (Au),
bronze, stainless steel, white brass, brass, and a combination
thereof.

6. The method according to claim 1, wherein the boron-
metal catalyst composite is a mixture of a boron powder
comprising boron and a metal catalyst.

7. The method according to claim 6, wherein the metal
catalyst comprises one or more selected from the group
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consisting of nickel (Ni), copper (Cu), iron (Fe), chromium
(Cr), cobalt (Co), zinc (Zn), aluminum (Al), silicon (Si),
scandium (Sc), titanium (Ti), vanadium (V), manganese
(Mn), gallium (Ga), germanium (Ge), yttrium (Y), zirco-
nium (Zr), niobium (Nb), molybdenum (Mo), technetium
(Te), ruthenium (Ru), rhodium (Rh), palladium (Pd), silver
(Ag), hafnium (Hf), tantalum (Ta), tungsten (W), rhenium
(Re), osmium (Os), iridium (Ir), platinum (Pt), gold (Au),
bronze, stainless steel, white brass, brass, and a combination
thereof.

8. The method according to claim 1, wherein the boron-
metal catalyst composite further comprises a solid precursor
comprising a nitrogen atom.

9. The method according to claim 1, wherein the injecting
of' the nitrogen precursor into the reaction chamber is carried
out under a pressure condition of 1 atm to 300 atm.

10. The method according to claim 1, wherein when the
boron nitride nanotubes are prepared so as to comprise a
metal catalyst,

the method further comprises: etching the metal catalyst

from the boron nitride nanotubes by using an etchant
comprising any one selected from the group consisting
of ammonium persulfate, a nickel etchant, a copper
etchant, iron chloride (FeCl,), nitric acid, hydrochloric
acid, and sulfuric acid.

11. The method according to claim 1, wherein the boron
nitride nanotubes are prepared so as to have an average
internal diameter of 1 nm to 10 nm.

#* #* #* #* #*
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