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(57) ABSTRACT

A one-dimensional titanium nanostructure and a method for
fabricating the same are provided. A titanium metal reacts
with titanium tetrachloride to form the one-dimensional
titanium nanostructure on a heat-resistant substrate in a
CVD method and under a reaction condition of a reaction
temperature of 300-900° C., a deposition temperature of
200-850° C., a flow rate of the carrier gas 0 0.1-50 sccm and
a reaction time of 5-60 hours. The titanium nanostructure
includes titanium nanowires, titanium nanobelts, flower-
shaped titanium nanowires, titanium nanorods, titanium
nanotubes, and titanium-titanium dioxide core-shell struc-
tures. The titanium nanostructure can be densely and uni-
formly grown on the heat-resistant substrate. The present
invention neither uses a template nor uses the complicated
photolithographic process, solution preparation process, and
mixing-coating process. Therefore, the process scale-up,
cost down, and the simplified production process are
achieved.
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ONE-DIMENSIONAL TITANIUM
NANOSTRUCTURE AND METHOD FOR
FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Divisional of co-pending
application Ser. No. 13/846,047, filed on Mar. 18, 2013, for
which priority is claimed under 35 U. S.C. §120; and this
application claims priority of Application No 102100224
filed in Taiwan on Jan. 4, 2013 under 35 U.S.C. §119; the
entire contents of all of which are hereby incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] Field of the Invention

[0003] The present invention relates to a metallic nano-
structure synthesis technology, particularly to a one-dimen-
sional titanium nanostructure and a method for fabricating
the same.

[0004] Description of the Related Art

[0005] The current metallic nanostructure synthesis tech-
nology includes a photolithographic method, a hard template
method, a seed-mediated growth method and a de-alloy
method.

[0006] In the photolithographic method, a layer of photo-
resist is coated on a substrate and illuminated by the light
filtered by a photomask. The pattern of the photomask
reflects incident light. The light passing the photomask has
a pattern identical to the pattern of the photomask and
selectively exposes the photoresist coated on the substrate,
whereby the pattern of the photomask is completely dupli-
cated to the photoresist. After the abovementioned exposing
step, the exposed photoresist is developed to reproduce the
pattern of the photomask on the photoresist. Then, the
photoresist is removed to obtain the desired nanowire. The
method has disadvantages of expensive equipment and
complicated processes. Further, the wavelength of the laser
limits the size of nanowires.

[0007] The hard template method uses a polymeric mate-
rial, a porous template or a biomaterial as the template for
growing a special metallic nanostructure. The template is
placed on a substrate, and a metallic material is deposited on
the template with an electrodeposition method, a PVD
(Physical Vapor Deposition) method, or a solution reduction
method. Then, the template is removed to obtain a metallic
nanostructure. The metallic nanostructure fabricated by the
method is likely to have many tumbling defects. The size of
the nanostructure is limited by the pore size or line width of
the template. Besides, the method needs to fabricate a
template beforehand and thus has a very complicated pro-
cess.

[0008] The seed-mediated growth method is a liquid-
phase synthesis method using a solution containing a reduc-
ing agent and a surfactant. The surfactant is a key factor in
the liquid-phase method, not only preventing metallic nano-
particles from agglomeration or precipitation in solution but
also facilitating the anisotropic growth of the metallic nano-
particles. The surfactant molecules have a hydrophilic ter-
minal and a hydrophobic terminal and are likely to self-
assemble to form micelles having various shapes. The
micelles may function as templates to form nanostructures
having a special geometrical shape. However, the method
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has a low yield in the scaled-up process. Besides, the
nanostructures fabricated by the method are in form of
powder. While the nanostructures are intended to apply to a
heat-resistant substrate, the powder must be mixed with
some agents to form a paste. Then, the paste is coated on the
substrate. However, the mixing-coating process may vary
the characteristic of the nanostructures. Besides, the unifor-
mity of the mixing-coating process may affect the perfor-
mance of the nanostructures.

SUMMARY OF THE INVENTION

[0009] The primary objective of the present invention is to
provide a one-dimensional titanium nanostructure and a
method for fabricating the same, wherein a CVD (Chemical
Vapor Deposition) method is used to fabricate a high surface
area titanium nanostructure on a heat-resistance substrate,
whereby is effectively reduced the fabrication cost and
shortened the fabrication process, and whereby is scaled up
the fabrication process.

[0010] Another objective of the present invention is to
provide a one-dimensional titanium nanostructure and a
method for fabricating the same, wherein a simple CVD
system is used to fabricate one-dimensional titanium nano-
structures with different morphologies, which are monoc-
rystalline or polycrystalline and have a high aspect ratio, and
which are densely and uniformly distributed on a heat-
resistant substrate.

[0011] To achieve the abovementioned objectives, the
present invention proposes a method for fabricating a one-
dimensional titanium nanostructure, which comprises steps:
placing a heat-resistant substrate and a titanium metal in a
CVD reaction chamber; using a carrier gas to transport
titanium tetrachloride into the CVD reaction chamber to
make titanium tetrachloride react with the titanium metal to
form titanium subchloride under a reaction condition of a
reaction temperature of 300-900° C., a deposition tempera-
ture of 200-850° C., a flow rate of a carrier gas of 0.1-50
sccm and a reaction time of 5-60 hours, and letting titanium
subchloride undergo disproportionation to form a one-di-
mensional titanium nanostructure on the heat-resistant sub-
strate.

[0012] In the present invention, different reaction condi-
tions achieve different-morphology one-dimensional tita-
nium nanostructures. In one embodiment, titanium tetra-
chloride reacts with a titanium metal at a reaction
temperature of 500-900° C., and a one-dimensional titanium
nanostructure deposits on a heat-resistant substrate at a
deposition temperature of 500-850° C. (800-850° C. pret-
erably), under a reaction condition of a flow rate of a carrier
gas of 0.1-10 sccm and a reaction time of 8-30 hours.
Thereby, titanium tetrachloride reacts with the titanium
metal to form a one-dimensional titanium nanowire.
[0013] In one embodiment, titanium tetrachloride reacts
with a titanium metal at a reaction temperature of 500-900°
C., and a one-dimensional titanium nanostructure deposits
on a heat-resistant substrate at a deposition temperature of
475-825° C. (775-825° C. preferably), under a reaction
condition of a flow rate of the carrier gas of 0.1-10 sccm and
a reaction time of 5-30 hours. Thereby, titanium tetrachlo-
ride reacts with the titanium metal to form a one-dimen-
sional titanium nanobelt.

[0014] In one embodiment, a heat-resistant substrate hav-
ing a roughened surface is used. Titanium tetrachloride
reacts with a titanium metal at a reaction temperature of
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700-900° C., and a one-dimensional titanium nanostructure
deposits on the heat-resistant substrate at a deposition tem-
perature of 475-825° C. (600-800° C. preferably), under a
reaction condition of a flow rate of a carrier gas of 10-20
sccm and a reaction time of 15-60 hours. Next, stop sup-
plying titanium tetrachloride to the reaction chamber, and
keep heating the reaction chamber for 3-10 hours. Then, let
the reaction chamber cool down to an ambient temperature,
and meanwhile remove the residual titanium tetrachloride in
the CVD reaction chamber. Thus is obtained a flower-shaped
titanium nanowire.

[0015] In one embodiment, titanium tetrachloride reacts
with a titanium metal at a reaction temperature of 700-900°
C., and a one-dimensional titanium nanostructure deposits
on a heat-resistant substrate at a deposition temperature of
475-825° C. (600-800° C. preferably), under a reaction
condition of a flow rate of the carrier gas of 10-20 sccm and
a reaction time of 15-60 hours. Next, stop supplying tita-
nium tetrachloride to the reaction chamber, and keep heating
the reaction chamber for 3-10 hours. Then, let the reaction
chamber cool down to an ambient temperature, and mean-
while remove the residual titanium tetrachloride in the CVD
reaction chamber. Thus is obtained a titanium nanorod.

[0016] In one embodiment, titanium tetrachloride reacts
with a titanium metal at a reaction temperature of 700-900°
C., and a one-dimensional titanium nanostructure deposits
on a heat-resistant substrate at a deposition temperature of
475-825° C. (600-800° C. preferably), under a reaction
condition of a flow rate of the carrier gas of 10-20 sccm and
a reaction time of 15-60 hours. Next, stop supplying tita-
nium tetrachloride to the reaction chamber, and directly cool
the reaction chamber to an ambient temperature and then
exposed to atmosphere. Thus is obtained a titanium-titanium
dioxide core-shell structure having a titanium core and a
titanium dioxide shell encapsulating the titanium core.
[0017] In one embodiment, titanium tetrachloride reacts
with a titanium metal at a reaction temperature of 700-900°
C., and a one-dimensional titanium nanostructure deposits
on a heat-resistant substrate at a deposition temperature of
475-800° C. (600-800° C. preferably), under a reaction
condition of a flow rate of the carrier gas of 10-50 sccm and
a reaction time of 15-60 hours. Next, stop supplying tita-
nium tetrachloride to the reaction chamber, and keep heating
the reaction chamber for 3-10 hours. Then, let the reaction
chamber cool down to an ambient temperature, and mean-
while remove the residual titanium tetrachloride in the CVD
reaction chamber. Thus is obtained a titanium nanotube.

[0018] The present invention also proposes a one-dimen-
sional titanium nanostructure, which is fabricated according
to the abovementioned method. The one-dimensional tita-
nium nanostructure of the present invention may be monoc-
rystalline or polycrystalline. The one-dimensional titanium
nanostructure of the present invention can be grown on any
heat-resistant substrate. The one-dimensional titanium nano-
structure of the present invention may be in form of titanium
nanowires, titanium nanobelts, flower-shaped titanium
nanowires, titanium nanorods, titanium nanotubes and tita-
nium-titanium dioxide core-shell structures. The nanowire
has a diameter of 20-50 nm and a length of 2-50 um. The
titanium nanobelt has a diameter of 20-150 nm and a length
of 1-50 um. The flower-shaped titanium nanowire has a
diameter of 30-100 nm and a length of 2-9 pm. The titanium
nanorod has a diameter of 30-100 nm and a length of 2-9 um.
The titanium-titanium dioxide core-shell structure has a
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titanium core and a titanium dioxide shell encapsulating the
titanium core; the titanium core has a diameter of 20-100 nm
and a length of 2-10 um; the titanium dioxide shell has a
thickness of 5-50 nm. The titanium nanotube has a diameter
of 10-100 nm and a length of 0.1-9 pm.

[0019] Below, embodiments are described in detail in
cooperation with drawings to make easily understood the
objectives, characteristics, and functions of the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a flowchart of a method for fabricating a
one-dimensional titanium nanostructure according to one
embodiment the present invention;

[0021] FIG. 2a and FIG. 24 are respectively a low-mag-
nification SEM image and a high-magnification SEM image
of' a nanowire obtained under a condition of a deposition
temperature of 700° C. and an argon flow rate of 0.1-5 sccm
according to one embodiment the present invention;
[0022] FIG. 3a and FIG. 34 are respectively a low-mag-
nification SEM image and a high-magnification SEM image
of a nanobelt according to one embodiment the present
invention;

[0023] FIG. 4a and FIG. 44 are respectively a low-mag-
nification SEM image and a high-magnification SEM image
of a flower-shaped titanium nanowire according to one
embodiment the present invention;

[0024] FIG. 5a and FIG. 54 are respectively a low-mag-
nification SEM image and a high-magnification SEM image
of a nanorod according to one embodiment the present
invention;

[0025] FIGS. 6a-6¢ are respectively SEM images of a
titanium-titanium dioxide core-shell structure from a low-
magnification to a high-magnification in sequence according
to one embodiment the present invention;

[0026] FIG. 7a and FIG. 7b are respectively a low-mag-
nification SEM image and a high-magnification SEM image
of a nanotube according to one embodiment the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0027] The present invention provides a method for fab-
ricating a one-dimensional titanium nanostructure, which
uses a CVD method to grow a one-dimensional titanium
nanostructure. Refer to FIG. 1. The method of the present
invention comprises Step S10 and Step S20.

[0028] In Step S10, respectively place a powder of a
titanium metal and a heat-resistant substrate in a high
temperature region and a low temperature region of a high
temperature-resistant quartz tube of a CVD reaction cham-
ber. The heat-resistant substrate may be made of any com-
mercially-available heat-resistant material, such as graphite.
The high temperature region and the low temperature region
are respectively the region where the titanium metal reacts
with titanium tetrachloride and the region where the product
is generated. The temperature of the high temperature region
and the temperature of the low temperature region are
respectively referred to as the reaction temperature and the
deposition temperature.

[0029] In Step S20, use a carrier gas (such as argon) to
transport titanium tetrachloride (TiCl,) to the quartz tube of
the CVD reaction chamber to make titanium tetrachloride
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react with the titanium metal, wherein the flow rate of the
carrier gas is about 0.1-50 sccm; the reaction temperature is
set to be 300-900° C.; the deposition temperature is set to be
200-850° C.; the reaction time is 5-60 hours. The reaction
product is titanium subchloride. Titanium subchloride will
thermolyze spontaneously to form titanium atoms. The
vapor titanium atoms further deposit on the heat-resistant
substrate to grow a one-dimensional titanium nanostructure.
[0030] In the present invention, different reaction condi-
tions obtain different one-dimensional titanium nanostruc-
tures. The one-dimensional titanium nanostructures can be
identified with SEM (Scanning Electron Microscope) and
X-ray diffractrometry to learn the appearances and crystal
structures Below are described various morphologies of the
obtained one-dimensional titanium nanostructures, includ-
ing titanium nanowires, titanium nanobelts, flower-shaped
titanium nanowires, titanium nanorods, titanium nanotubes,
and titanium-titanium dioxide core-shell structures.

[0031] (1) Titanium Nanowire

[0032] Titanium nanowires are obtained under a reaction
condition of a reaction temperature of 500-900° C., a
deposition temperature of 500-850° C. (800-850° C. pret-
erably), a flow rate of a carrier gas of 0.1-10 sccm and a
reaction time of 8-30 hours.

[0033] The titanium nanowire obtained by the CVD
method of the present invention has a diameter of 20-50 nm
and a length of 2-50 um. Refer to FIG. 24 and FIG. 2b
respectively a low-magnification SEM image and a high-
magnification SEM image of the nanowires obtained under
a condition of a deposition temperature of 700° C. and an
argon flow rate of 0.1-5 sccm. The nanowire is monocrys-
talline or polycrystalline and has an FCC (Face Centered
Cubic) lattice structure.

[0034] (2) Titanium Nanobelt

[0035] Titanium nanobelts are obtained under a reaction
condition of a reaction temperature of 500-900° C., a
deposition temperature of 475-825° C. (700-850° C. pret-
erably), a flow rate of a carrier gas of 0.1-10 sccm and a
reaction time of 5-30 hours.

[0036] The titanium nanobelt obtained by the CVD
method of the present invention has a diameter of 20-150 nm
and a length of 1-50 pum. The reaction condition of the
nanobelt is similar to but slightly lower than that of the
nanowire. Sometimes, the nanowire and the nanobelt appear
simultaneously. Refer to FIG. 3a and FIG. 35 respectively a
low-magnification SEM image and a high-magnification
SEM image of the nanobelts. The titanium nanobelt is
monocrystalline or polycrystalline and has an FCC lattice
structure.

[0037]

[0038] Flower-shaped titanium nanowires are achieved
with a heat-resistant substrate roughened to have a rugged
surface. A heat-resistant substrate having a 20 nm roughness
observable under an electron microscope is sufficient to
fabricate flower-shaped titanium nanowires.

[0039] The flower-shaped titanium nanowires are obtained
under a reaction condition of a reaction temperature of
700-900° C., a deposition temperature of 475-825° C. (600-
800° C. preferably), a flow rate of a carrier gas of 10-20
sccm and a reaction time of 15-60 hours. After reaction, stop
supplying titanium tetrachloride to the reaction chamber,
and keep heating the reaction chamber for 3-10 hours. Next,
cool the reaction chamber to an ambient temperature. Mean-

(3) Flower-Shaped Titanium Nanowire
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while, completely remove the residual titanium tetrachloride
from the reaction chamber. Then, take the product out of the
reaction chamber.

[0040] The flower-shaped titanium nanowire obtained by
the CVD method of the present invention has a diameter of
30-100 nm and a length of 2-9 um. Refer to FIG. 4a and FIG.
4b respectively a low-magnification SEM image and a
high-magnification SEM image of the flower-shaped tita-
nium nanowires. The flower-shaped titanium nanowires are
nanowires growing from a single nucleus. The flower-
shaped titanium nanowire is monocrystalline or polycrys-
talline and has an FCC lattice structure.

[0041] (4) Titanium Nanorod

[0042] Titanium nanorods are different from the flower-
shaped titanium nanowires in that the titanium nanorod is
fabricated on a relatively smooth heat-resistant substrate.
[0043] The titanium nanorods are obtained under a reac-
tion condition of a reaction temperature of 700-900° C., a
deposition temperature of 475-825° C. (600-800° C. pret-
erably), a flow rate of a carrier gas of 10-20 sccm and a
reaction time of 15-60 hours. After reaction, stop supplying
titanium tetrachloride to the reaction chamber, and keep
heating the reaction chamber for 3-10 hours. Next, cool the
reaction chamber to an ambient temperature. Meanwhile,
completely remove the residual titanium tetrachloride from
the reaction chamber. Then, take the product out of the
reaction chamber. The product will appear at the front side
and the rear side of the reaction chamber simultaneously.
[0044] The titanium nanorod obtained by the CVD
method of the present invention has a diameter of 30-100 nm
and a length of 2-9 um. Refer to FIG. 5a and FIG. 5b
respectively a low-magnification SEM image and a high-
magnification SEM image of the nanorods. The titanium
nanorod is monocrystalline or polycrystalline and has an
FCC lattice structure.

[0045] (5) Titanium-Titanium Dioxide Core-Shell Struc-
ture
[0046] Titanium-titanium dioxide core-shell structures are

obtained under a reaction condition of a reaction tempera-
ture of 700-900° C., a deposition temperature of 475-825° C.
(600-800° C. preferably), a flow rate of a carrier gas of 10-20
sccm and a reaction time of 15-60 hours. After reaction, stop
supplying titanium tetrachloride to the reaction chamber,
and directly cool the reaction chamber to an ambient tem-
perature and then exposed to air. Then, take the product out
of the reaction chamber.

[0047] The titanium-titanium dioxide core-shell structure
obtained by the CVD method of the present invention has a
titanium core and a titanium dioxide shell encapsulating the
titanium core. The titanium core has a diameter of 20-100
nm and a length of 2-10 pm. The titanium dioxide shell has
a thickness of 5-50 nm. Refer to FIGS. 6a-6¢ respectively
SEM images of the titanium-titanium dioxide core-shell
structures from a low-magnification to a high-magnification
in sequence. From FIG. 6c¢ are clearly observed the core and
the oxide layer encapsulating the core of the one-dimen-
sional titanium-titanium dioxide core-shell structure. Each
of the titanium core and the titanium dioxide shell is
monocrystalline or polycrystalline. The titanium core has an
FCC lattice structure. The titanium dioxide layer is Anatase
titanium dioxide, Rutile titanium dioxide or Brookite tita-
nium dioxide. Via element identification, it is known that the
titanium-titanium dioxide core-shell structure contains tita-
nium and titanium oxide. Via XPS (X-ray Photoelectron
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Spectroscopy), it is learned that the inner layer is a titanium
core and the outer layer is a titanium dioxide layer.

[0048] (6) Titanium Nanotube

[0049] Titanium nanotubes are obtained under a reaction
condition of a reaction temperature of 700-900° C., a
deposition temperature of 475-800° C. (600-800° C. pret-
erably), a flow rate of a carrier gas of 10-50 sccm and a
reaction time of 15-60 hours. After reaction, stop supplying
titanium tetrachloride to the reaction chamber, and keep
heating the reaction chamber for 3-10 hours. Next, cool the
reaction chamber to an ambient temperature. Next, com-
pletely remove the residual titanium tetrachloride from the
reaction chamber. Then, take the product out of the reaction
chamber.

[0050] The titanium nanotube obtained by the CVD
method of the present invention has a diameter of 10-100 nm
and a length of 0.1-9 pm. Refer to FIG. 7a and FIG. 7b
respectively a low-magnification SEM image and a high-
magnification SEM image of the nanotubes. The titanium
nanotube is monocrystalline or polycrystalline and has an
FCC lattice structure. Via XRD (X-Ray Diffraction) and
EDS (Energy Dispersive Spectroscopy), it is known that the
one-dimensional nanotube is made of a titanium metal.
[0051] In conclusion, the present invention discloses a
one-dimensional titanium nanostructure and a method for
fabricating the same, wherein a CVD method cooperates
with different reaction conditions to form different-morphol-
ogy one-dimensional titanium nanostructures on a heat-
resistant substrate, including a titanium nanowire, a titanium
nanobelt, a titanium flower-shaped nanowire, a titanium
nanorod, a titanium nanotube and a titanium-titanium diox-
ide core-shell structure. Further, the titanium nanostructure
can be densely and uniformly distributed on a heat-resistant
substrate. Besides, the titanium nanostructure is monocrys-
talline or polycrystalline and has a high aspect ratio.
[0052] The present invention can fabricate high-surface
area one-dimensional metallic nanostructures on a bendable
heat-resistant substrate, neither using a template nor using
the complicated photolithographic process, solution prepa-
ration process, and mixing-coating process. Thereby, the
present invention can effectively shorten the fabrication
process and reduce the fabrication cost. Further, the present
invention can scale up the process. The present invention
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can apply to energy materials, optical elements, biosensors,
light emitting elements, solar cells, photocatalysis devices,
etc. Therefore, the present invention has very high commer-
cial potential.

[0053] The embodiments described above are only to
exemplify the present invention but not to limit the scope of
the present invention. Any modification or variation accord-
ing to the spirit of the present invention is to be also included
within the scope of the present invention, which is based on
the claims stated below.

What is claimed is:

1. A method for fabricating a one-dimensional titanium
nanostructure, comprising steps:

placing a heat-resistant substrate and a titanium metal in

a CVD (Chemical Vapor Deposition) reaction chamber;
and

using a carrier gas to transport titanium tetrachloride into

said CVD reaction chamber, undertaking a reaction of
said titanium metal and said titanium tetrachloride to
generate titanium subchloride, and letting said titanium
subchloride thermolyze to form a one-dimensional tita-
nium nanostructure on said heat-resistant substrate,
under a reaction condition of a reaction temperature of
500-900° C., a deposition temperature of 500-850° C.,
a flow rate of a carrier gas of 0.1-10 sccm and a reaction
time of 8-30 hours,

wherein said heat-resistant substrate is made of graphite,

and said carrier gas is nitrogen, and wherein said
one-dimensional titanium nanostructure is a titanium
nanowire having a diameter of 20-50 nm and a length
of 2-50 um, and wherein said titanium nanowire is a
monocrystalline titanium nanowire or a polycrystalline
titanium nanowire.

2. The method for fabricating a one-dimensional titanium
nanostructure according to claim 1, wherein said one-di-
mensional titanium nanostructure deposits on said heat-
resistant substrate at a deposition temperature of 800-850°
C.

3. The method for fabricating a one-dimensional titanium
nanostructure according to claim 1, wherein said monocrys-
talline titanium nanowire has an FCC lattice structure.
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