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METHOD FOR PREPARING HOLLOW 
NANOFIBER, HOLLOW NANOFIBER AND 

CATALYST COMPOSITION FOR PREPARING 
HOLLOW NANOFIBER 

TECHNICAL FIELD 

[0001] The present invention relates to a method for 
manufacturing hollow nano?bers, holloW nano?bers, and a 
catalyst composition for manufacturing holloW nano?bers. 
More particularly, the present invention relates to a method 
for manufacturing holloW nano?bers Which enables acqui 
sition of a thin and multi-Walled carbon nanotube having a 
small number of graphite layer defects, holloW nano?bers 
obtained by this method, and catalyst composition for manu 
facturing holloW nano?bers. 

BACKGROUND ART 

[0002] A representative example of holloW nano?bers is 
carbon nanotubes. The carbon nanotubes have cylindrical 
shape formed by rolling one graphite sheet. A one-layer 
rolled tube is referred to as a single-Walled carbon nanotube, 
and a rolled tube of tWo or more layers is referred to as a 
multi-Walled carbon nanotube. Since these carbon nanotubes 
have high mechanical strength and high conductivity, 
expanded use for various purposes using properties thereof 
is expected. Examples are an application to an anode mate 
rial of a fuel cell or a lithium secondary cell, an application 
to a high-strength resin material Which is a composite 
material of a resin and an organic semiconductor, a conduc 
tive resin material, an electromagnetic Wave shield material 
or the like. Moreover, an example is an application to an 
absorbent, a medical nanocapsule, an MRI contrast medium 
or the like since the carbon nanotube has a nanosiZe space. 
Furthermore, an example is an application to a ?eld emission 
electron source, nanotWeeZers using nanotubes one by one, 
a scanning type tunneling microscope probe or the like, 
since the tip of the nanotube is very thin. In all of the 
applications, a thinner nanotube is more advantageous, and 
a nanotube having a smaller number of graphite layer 
defects is preferable. 

[0003] Conventionally, as a method for manufacturing 
carbon nanotubes, an arc discharge method and a chemical 
vapor deposition method (or chemical vapor phase groWth 
method, referred to as a CVD method hereinafter) have been 
knoWn. According to the former, i.e., the arc discharge 
method, carbon nanotubes are manufactured by using a 
carbon rod as an electrode and executing high-voltage/high 
current arc discharging in vacuum or an inert gas atmo 
sphere. The nanotube is obtained together With graphite, 
carbon nanoparticles or the like in a cathode deposit. 
According to the latter, i.e., the CVD method, carbon 
nanotubes are manufactured by reacting a raW material gas 
of benZene, toluene, orthomethyl diarylketone, acetylene, 
ethylene, methane or the like at several hundred ° C. under 
presence of metal ?ne particles of iron, nickel or the like. 

[0004] The carbon nanotubes obtained by the aforemen 
tioned arc discharge method have a draWback that there are 
many impurities such as amorphous carbon though the 
number of graphite layer defects is small. In comparison, the 
carbon nanotubes obtained by the aforementioned CVD 
method are better than the arc discharge method in that 
impurities are limited, and the tube can be manufactured 
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inexpensively. HoWever, the carbon nanotubes manufac 
tured by the CVD method have a problem that there are 
many defects on a graphite layer, and thus the graphite layer 
detects cannot be reduced unless heat treatment of about 
2900° C. is carried out in a post process. 

[0005] Regarding a method for solving such a problem of 
the CVD method, Shinohara et al., have reported that 
multi-Walled nanotubes constituted of about ten layers and 
small in the number of graphite layer defects can be manu 
factured by using a catalyst in Which cobalt and vanadium 
are carried on a poWdered Y type Zeolite (Chemical Physics 
Letters 303 (1999) 117-124). 
[0006] HoWever, in order to obtain thin single-Walled 
nanotubes by the aforementioned method, reaction must be 
carried out at a high temperature of 800 to 900° C. When the 
carbon nanotubes are produced at a temperature exceeding 
800 CC, there has been a problem that a structural change 
occurs in a Zeolite of a catalyst supporting material during 
reaction to cause aggregation of a metal carried on the 
Zeolite, and consequently stable production of thin and 
good-quality single-Walled carbon nanotubes become dif? 
cult. 

[0007] Additionally, the single-Walled carbon nanotubes 
are useful because of these thin shape, but there is a problem 
that durability is loW due to a one-layer structure. HoWever, 
multi-Walled formation for durability improvement 
increases thickness, and thus there is a problem that the 
multi-Walled type is inferior to the single-Walled carbon 
nanotubes in performance. 

[0008] Furthermore, J. B. Nagy et al., have reported that 
multi-Walled nanotubes constituted of tWo to several tens of 
layers and small in the number of defects can be manufac 
tured by using a catalyst in Which cobalt and iron, cobalt and 
vanadium, or cobalt and molybdenum are carried on a 
poWdered Y type Zeolite or alumina (Chemical Physics 
Letters 317 (2000) 71-76). According to this manufacturing 
method, hoWever, physical properties of the metal catalyst 
Which governs catalyst reaction is not controlled, and con 
sequently it is impossible to control the number of layers or 
a diameter of carbon nanotubes to be produced. It may be 
attributed to the fact that since the Y type Zeolite has high 
hydrophilicity and many ion-exchange sites, a metal salt 
aqueous solution is easily adsorbed through ?ne pores of the 
Zeolite While the catalyst metal is supported, the metal is 
preferentially introduced to ion-exchange sites in the ?ne 
pores, and consequently the amount of a metal supported on 
the outer surface of the Zeolite Which contributes to synthe 
sis of the carbon nanotube is small. 

[0009] Additionally, When the poWdered Zeolite is used as 
the supporting material of the catalyst metal, the carbon 
nanotube is obtained in a stuck state to the Zeolite. Thus, 
Work must be carried out to separate and remove the Zeolite 
from the carbon nanotubes. HoWever, as a method for 
separating and removing the Zeolite, there are no methods 
other than that for dissolving out the Zeolite by hydrogen 
?uoride or the like. Consequently, there has been a problem 
that the Zeolite used once as a catalyst cannot be used again. 
Since the Zeolite is an expensive material, When the Zeolite 
can be separated and used again, it is advantageous for a 
reduction in manufacturing costs of the carbon nanotube. 

[0010] Furthermore, When the poWdered Zeolite is used, 
the carbon nanotubes are simultaneously groWn in a random 
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direction. Consequently, there has been a problem that tubes 
are entangled together, and much labor is necessary to 
disentangle the tubes after groWth. Additionally, the poW 
dered Zeolite is generally aggregated, and ?ne pores are 
present on a poWder interface and a crystal interface. The 
?ne pores of the poWder and crystal interfaces are not 
controlled for siZe unlike the ?ne pores of the Zeolite itself. 
Thus, there has been a problem that it becomes dif?cult to 
control a diameter or the like of the generated carbon 
nanotube. 

DISCLOSURE OF THE INVENTION 

[0011] A ?rst object of the present invention is to provide, 
concerning a manufacturing method of a CVD method 
Which uses a Zeolite as a supporting material of metal 
catalyst, a method for manufacturing holloW nano?bers 
Which can manufacture carbon nanotubes thin and small in 
the number of defects of a graphite layer even When pro 
duction reaction is executed at a high temperature. 

[0012] A second object of the present invention is to 
provide a method for manufacturing holloW nano?bers, 
Which can manufacture multi-Walled carbon nanotubes hav 
ing excellent durability With a thin thickness and having 
double-Walled to ?ve-Walled. 

[0013] A third object of the present invention is to provide 
a method for manufacturing holloW nano?bers, Which can 
control a thickness and the number of layers, and obtain a 
carbon nanotube small in the number of defects of a graphite 
layer. 

[0014] Furthermore, a fourth object of the present inven 
tion is to provide a method for manufacturing holloW 
nano?bers, Which enables reuse of a Zeolite as a supporting 
material and facilitates separation and removal of a pro 
duced carbon nanotube from the Zeolite. 

[0015] A method for manufacturing holloW nano?bers 
according to claim 1 of the present invention is designed to 
achieve the ?rst object and characteriZed in that holloW 
nano?bers having carbon as a primary component is pro 
duced by contacting a catalyst in Which a metal is carried on 
a Zeolite having a heat resistance at 900° C. With a carbon 
containing compound at a temperature of 500 to 1200° C. 

[0016] A method for manufacturing holloW nano?bers 
according to claim 6 of the present invention is designed to 
achieve the ?rst and second objects and characteriZed in that 
holloW nano?bers having carbon as a primary component is 
produced by contacting a catalyst in Which a metal is carried 
on a metallosilicate Zeolite containing a heteroelement other 
than aluminum and silicon in a frameWork With a carbon 
containing compound at a temperature of 500 to 1200° C. 

[0017] Thus, by contacting the catalyst, in Which the metal 
is carried on the Zeolite having the heat resistance at 900° C. 
or the metallosilicate Zeolite containing the heteroelement 
other than the aluminum and the silicon in the frameWork, 
With the carbon-containing compound at the temperature of 
500 to 1200° C., it is possible to obtain a thin and good 
quality carbon nanotube small in the number of defects of a 
graphite layer and small in the amount of generated amor 
phous carbon. Additionally, since the carbon nanotube small 
in the number of defects of the graphite layer is directly 
produced, it is possible to eliminate heat treatment, at a 
temperature of 2000° C. or more, in Which graphitiZation 
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occurs in a post process. Further, it is possible to obtain a 
thin carbon nanotube Whose outer diameter is set to 50 nm 
or less, and Whose inner diameter is set to 0.3 nm or more 
and 15 nm or less. 

[0018] Additionally, When the metallosilicate Zeolite of 
claim 6 of the present invention is set as a supporting 
material of metal catalyst, especially in the case of a 
titanosilicate Zeolite, it is possible to obtain a bundle of a 
double-Walled carbon nanotubes, a double-Walled carbon 
nanotubes Which are partially three or more layered, a 
double-Walled carbon nanotube Whose inner diameter is 
very small, etc. 

[0019] A method for manufacturing holloW nano?bers 
according to each of claims 8, 9 and 10 of thepresent 
invention is designed to achieve the foregoing third object. 
That is, the method for manufacturing holloW nano?bers 
according to claim 8 is characteriZed in that holloW nano? 
bers having carbon as a primary component is produced by 
contacting a catalyst, in Which a supporting material carries 
cobalt ?ne particles exhibiting a binding energy of a cobalt 
2P3/2 electron of 779.3 eV or more and 781.0 eV or less as 
measured by X-ray photoelectron spectroscopy, With a car 
bon-containing compound at 500 to 1200° C. The method 
according to claim 9 of the present invention is characteriZed 
in that holloW nano?bers having carbon as a primary com 
ponent is produced by contacting a catalyst, in Which a 
supporting material carries cobalt ?ne particles exhibiting an 
atomic ratio of cobalt of 0.1 to 1.5% in a surface of the 
supporting material as measured by X-ray photoelectron 
spectroscopy under a condition of 10 kV and 18 mA, With 
a carbon-containing compound at a temperature of 500 to 
1200° C. Further, the method according to claim 10 of the 
present invention is characteriZed in that holloW nano?bers 
having carbon as a primary component is produced by 
contacting a catalyst in Which a supporting material carries 
cobalt ?ne particles exhibiting a Weight ratio of cobalt to a 
second metal component (Weight of cobalt/Weight of second 
metal component) in a surface of the supporting material of 
2.5 or more With a carbon-containing compound at a tem 
perature of 500 to 1200° C. 

[0020] Thus, When the holloW nano?ber is manufactured, 
by controlling the electron state of the cobalt ?ne particles 
Which form the catalyst, it is possible to obtain holloW 
nano?bers in Which the number of defects of a graphite layer 
is small, the amount of produced amorphous carbon is small, 
and a thickness and the number of layers are controlled. 
When the supporting material is a Zeolite, since the electron 
state of the metal catalyst is changed by the supporting 
material, it is possible to control physical properties of the 
manufactured holloW nano?bers. Additionally, according to 
these methods, since the carbon nanotube small in the 
number of defects of a graphite layer is directly produced, it 
is possible to eliminate heat treatment for graphitiZation at a 
temperature of 2000° C. or more in a post process. 

[0021] Furthermore, a method for manufacturing holloW 
nano?bers according to claim 20 of the present invention are 
designed to achieve the foregoing fourth object and charac 
teriZed in that holloW nano?bers having carbon as a primary 
component are produced by contacting a catalyst in Which a 
metal is carried on a surface of a membranous Zeolite With 
a carbon-containing compound at a temperature range of 
500 to 1200° C. 
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[0022] Thus, by using the membranous Zeolite in place of 
a powdered Zeolite, it is possible to reuse the Zeolite Which 
is a supporting material, and to facilitate separation and 
removal of the produced carbon nanotube from the Zeolite. 

[0023] Moreover, according to each of the manufacturing 
methods of the present invention, it is possible to obtain 
novel holloW nano?bers having a constitution in Which tWo 
or more double-Walled to ?ve-Walled carbon nanotubes form 
a bundle, and containing a multi-Walled carbon nanotubes 
bundle in Which a difference betWeen maXimum and mini 
mum inner diameters is less than 1 nm When the double 
Walled to ?ve-Walled carbon nanotubes are measured Within 
a length range of 30 nm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a TGA and DTA curve graph of sili 
calite-1 used as an eXample of a catalyst support according 
to the present invention; 

[0025] FIG. 2 is a TGA and DTAcurve graph of TS-1 used 
as the other eXample of a catalyst support according to the 
present invention; 

[0026] FIG. 3 is an XRD pattern after burning of TS-1 at 
900° C. Which is used as the eXample of the catalyst support 
of the present invention; 

[0027] FIG. 4A is a high-resolution electron micrograph 
illustrating double-Walled carbon nanotubes obtained by the 
present invention; 

[0028] FIG. 4B is a high-resolution electron micrograph 
illustrating a bundle of the double-Walled carbon nanotubes; 

[0029] FIG. 5 is a high-resolution electron micrograph 
illustrating double-Walled carbon nanotubes Which are 
obtained by the present invention and partially three or more 
Walled; 

[0030] FIG. 6 is a high-resolution electron micrograph 
illustrating multi-Walled carbon nanotubes obtained by the 
present invention; 

[0031] FIGS. 7A, 7B and 7C are high-resolution electron 
micrographs illustrating single-Walled carbon nanotubes 
obtained by the present invention; 

[0032] FIG. 8 is a TGA and DTA curve graph of a Y type 
Zeolite; 

[0033] FIG. 9 is an XRD pattern after burning of the Y 
type Zeolite at 600° C.; 

[0034] FIG. 10 is an XRD pattern after burning of the Y 
type Zeolite at 900° C.; 

[0035] FIG. 11 is aTGA and DTA curve graph of a 
ZeoliteHSZ-390 HUA (by Tosoh Corporation); 

[0036] FIG. 12 is a TGA and DTA curve graph of the 
Zeolite HSZ-390 HUA (by Tosoh Corporation) burned at 
900° 0; 

[0037] FIG. 13 is an XRD pattern of the Zeolite HSZ-390 
HUA (by Tosoh Corporation); 

[0038] FIG. 14 is an XRD pattern of the Zeolite HSZ-390 
HUA (by Tosoh Corporation) burned at 900° C.; 
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[0039] FIG. 15 is a high-resolution electron micrograph 
illustrating double-Walled carbon nanotubes obtained by the 
present invention; 

[0040] FIG. 16 is a high-resolution electron micrograph 
illustrating the double-Walled carbon nanotubes and multi 
Walled carbon nanotubes obtained by the present invention; 

[0041] FIG. 17 is a high-resolution electron micrograph 
illustrating the double-Walled carbon nanotubes obtained by 
the present invention; 

[0042] FIG. 18 is a transmission electron micrograph of 
cobalt, and iron metal ?ne particles, Which are carried on 
titanosilicate; 
[0043] FIG. 19 is an X-ray diffraction pattern of a mem 
branous Zeolite 2; 

[0044] FIG. 20 is a poWder X-ray diffraction pattern of an 
MFI type Zeolite; 

[0045] FIG. 21 is Raman spectroscopy spectrum of hol 
loW nano?bers in Which the double-Walled carbon nanotubes 
obtained by the present invention are primary component; 

[0046] FIG. 22 is a high-resolution electron micrograph 
illustrating the double-Walled carbon nanotubes Which are 
obtained by the present invention and Whose one end is an 
open end; 

[0047] FIG. 23 is a high-resolution electron micrograph 
illustrating holloW nano?bers Which are obtained by the 
present invention and constituted of many knot structures; 
and 

[0048] FIG. 24 is Raman spectroscopy spectrum of hol 
loW nano?bers in Which the double-Walled carbon nanotubes 
obtained by the present invention are primary component. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

[0049] In the present invention, a Zeolite is made of a 
crystalline inorganic oXide having a ?ne pore diameter of a 
molecular siZe. The molecular siZe is Within a range of siZes 
of molecules eXisting in the World, and generally means a 
range of about 0.2 nm to 2 nm. More speci?cally, it is a 
crystalline microporous substance made of crystalline sili 
cate, crystalline aluminosilicate, crystalline metallosilicate, 
crystalline metalloaluminosilicate, crystalline aluminophos 
phate, crystalline metalloaluminophosphate or the like. 

[0050] As kinds of Zeolites, While there is no particular 
limitation on kinds, for eXample, crystalline inorganic 
porous substances having structures listed in Atlas of Zeolite 
Structure types M. Meier, D. H. Olson, Ch. Baerlocher, 
Zeolites, 17(1/2), 1996) are available. Additionally, the 
Zeolites of the present invention are not limited to those 
listed in the document, and include Zeolites having novel 
structures synthesiZed one after another in recent years. 
Preferable structures are easily obtained FAU, MFI, MOR, 
BEA, LTL, LYA and FER types, but structures are not 
limited to these. 

[0051] In the present invention of claim 1, a Zeolite having 
a heat resistance at 900° C. means that When the Zeolite is 
burned in a nitrogen or dry air atmosphere at 900° C. for 30 
minutes, and When poWder X-ray diffraction (XRD) is 
eXecuted at a room temperature before/after the burning, the 
























































