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PRODUCTION OF CARBON NANOTUBE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims priorities based on 
Japanese Unexamined Patent Application No. Hei 
10-221016 ?led on Jul. 21, 1999 and US. Provisional 
Application No. 60/136,024, and the contents of Which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a method for 
producing carbon nanotubes, in particular, it relates to a 
technique for producing single-Walled carbon nanotubes. 

[0004] 2. Description of Related Art 

[0005] Recently, carbon nanotubes have given rise to 
expectations not only as materials having a superior 
mechanical strength, but also as materials having ?eld 
ernission functions, hydrogen absorption functions, and 
magnetic properties. Carbon nanotubes of this kind are also 
called “graphite Whiskers” as referred to in Japanese Unex 
arnined Patent Application, First Publication, No. Hei 
5 -1465 92; “?larnent carbons” or “graphite ?bers” as referred 
to in Japanese Unexarnined Patent Application, First Publi 
cation, No. Sho 61-136992; “extra ?ne carbon tubes” as 
referred to in Japanese Unexarnined Patent Application, 
First Publication, No. Hei 6-345413; “carbon tubes” as 
referred to in Japanese Unexarnined Patent Application, 
First Publication, No. 8-121207; “carbon ?brils” as referred 
to in Japanese Unexarnined Patent Application, First Publi 
cation, No. 2-503334; and “carbon rnicro tubes” or “carbon 
nano?bers” as referred to in the journal “CARBON” (Vol. 
174, page 215, 1996). 
[0006] Although various methods for producing carbon 
nanotubes have been proposed, as explained in Japanese 
Unexarnined Patent Application, First Publication, No. Hei 
06-280116, most of these methods produce only rnultiWalled 
carbon nanotubes. A rnultiWalled carbon nanotube is a 
carbon ?ber consisting of a plurality of graphen sheets. 

[0007] HoWever, in order to effectively utiliZe the above 
described ?eld ernission functions, hydrogen absorption 
functions, or magnetic functions, it is important to simplify 
the structure of the carbon nanotubes. Therefore, it is nec 
essary to produce, by an industrial method, a large amount 
of single-Walled carbon nanotubes respectively consisting of 
single-layered graphen sheets. 

[0008] Single-Walled carbon nanotubes are also called 
“fullerene pipes” as referred to in Science, 1998, vol. 280, 
page 1254, or “carbon single tubes” as referred to in 
Japanese Unexarnined Patent Application, First Publication, 
No. Hei 8-91816. 

[0009] In the conventional method, carbon nanotubes are 
produced, for example, by vapor deposition in Which an arc 
discharge is generated using carbon electrodes and the 
carbon vapor is deposited on the surface of one electrode. In 
this method, it is also knoWn that single-Walled carbon 
nanotubes can be selectively produced by using metal cata 
lysts and by controlling the pressure, the composition of the 
atmospheric gas, and the composition of the raw materials. 
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[0010] For example, Japanese Unexarnined Patent Appli 
cation, First Publication, No. Hei 7-197325 and Japanese 
Unexarnined Patent Application, First Publication, No. Hei 
9-188509 respectively disclose methods for producing 
single-Walled carbon nanotubes using, as a metal catalyst, 
iron, cobalt, or nickel. Also, in Science, 1996, vol. 273, page 
483, vapor deposition of single-Walled carbon nanotubes by 
laser abrasion using metal catalysts such as cobalt and nickel 
is reported. 

[0011] HoWever, in the above methods, single-Walled car 
bon nanotubes having straight shapes cannot be produced, 
instead, only those having helical shapes are produced. 
Therefore, these methods have the draWback that the appli 
cation of the produced single-Walled carbon nanotubes is 
narroWly limited to a particular ?eld of the art. Furthermore, 
although it is expected that single-Walled carbon nanotubes 
Will provide superior properties When the diameter distribu 
tion thereof is narroW, because the diameter distribution of 
the single-Walled carbon nanotubes produced by the prior 
methods is broad, there are the draWbacks that the function 
of the single-Walled carbon nanotubes is not consistent. 

SUMMARY OF THE INVENTION 

[0012] It is an object of the present invention to produce 
single-Walled carbon nanotubes having a straight shape at a 
high production efficiency. Also, it is another object of the 
present invention to produce single-Walled carbon nano 
tubes having both small diameters and a narroW diarneter 
distribution. 

[0013] In order to accomplish the above objects, the 
method of the present invention comprises the step of 
developing carbon nanotubes by contacting carbon vapor 
With a non-rnagnetic transition metal including at least two 
elements selected from the group consisting of rutheniurn, 
rhodiurn, palladium, and platinum. 

[0014] The carbon vapor and particulates of a non-rnag 
netic transition metal may be generated by arc discharge. 
The arc discharge may be performed in a reactor charnber 
containing an inert gas or the mixture of an inert gas and 
hydrogen gas, at a pressure ranging from 50 to 1500 Torr. 

[0015] The arc discharge may be performed betWeen a tip 
of a rod-shaped anode Which contains carbon and the 
non-rnagnetic transition metal, and a tip of a rod-shaped 
cathode arranged so as to direct the tip toWard the tip of the 
anode. The carbon vapor and the particulates of a non 
magnetic transition metal Will thereby be generated, and 
carbon nanotubes Will be deposited on the circumferential 
surface of the base portion of the cathode. 

[0016] The non-rnagnetic transition metal is preferably 
one selected from the group consisting of a binary mixture 
of rutheniurn and rhodiurn, a binary mixture of rutheniurn 
and palladium, a binary mixture of rutheniurn and platinum, 
a binary mixture of rhodiurn and palladium, a binary mixture 
of rhodiurn and platinum, and a binary mixture of palladium 
and platinum. 

[0017] The electrode used for generating arc discharge in 
order to produce carbon nanotubes contains at least two 
elements selected from the group consisting of rutheniurn, 
rhodiurn, palladium, and platinum, and in particular, it is 
preferably the above mentioned binary mixture. The Weight 
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ratio of the non-magnetic transition metal to the graphite 
powder (metal: C) may be in the range of 2:1-10z1. 

[0018] The composite Which can be obtained by the 
method of the present invention includes particulates of 
non-magnetic transition metal and single-Walled carbon 
nanotubes straightly extending from the surfaces of the 
particulates. The average grain siZe of the particulates of the 
non-magnetic transtion metal may be 10-20 nm, and the 
length of the single-Walled carbon nanotubes extending from 
the surfaces of the particulates may be 1-1.28 nm. 

[0019] According to the present invention, by using non 
magnetic transition metal as a catalyst for vapor deposition, 
it is possible to produce, at a high yield, single-Walled 
carbon nanotubes Which have straightly extending shapes, 
not spirally Wound shapes. Also, the single-Walled carbon 
nanotubes obtained by the present method have small diam 
eters, a narroW diameter distribution, and superior proper 
ties. Furthermore, the control of the average diameter and 
the diameter distribution of single-Walled carbon nanotubes 
can be easily performed by controlling the pressure in the 
reactor chamber. 

[0020] Additionally, because the non-magnetic transition 
metal does not have ferromagnetism, the magnetic property 
of the single-Walled carbon nanotubes are not inhibited by 
the catalyst, and the characteristics of the products are not 
affected. Therefore, the products of the method of the 
present invention can be Widely used for various kind of 
applications. 

BRIEF DESCRIPTION OF THE DRAWING 

[0021] FIG. 1 is a TEM (transmission electron micro 
scope) picture of single-Walled carbon nanotubes produced 
in Example 1 at a pressure of 600 Torr. 

[0022] FIG. 2 is a graph indicating the Raman scattering 
spectrum of cathode soot produced in Example 1 at a 
pressure of 600 Torr. 

[0023] FIG. 3 is a graph indicating the diameter distribu 
tion of single-Walled carbon nanotubes produced in Example 
1 at a pressure of 600 Torr. 

[0024] FIG. 4 is a graph indicating the diameter distribu 
tion of single-Walled carbon nanotubes produced in Example 
1 at a pressure of 50 Torr. 

[0025] FIG. 5 is a graph indicating the Raman scattering 
spectrum of single-Walled carbon nanotubes produced in 
Example 1 at a pressure of 600 Torr. 

[0026] FIG. 6 is a side cross section of an apparatus for 
producing carbon nanotubes used in Example 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] Hereinafter, the embodiments of the method for 
producing carbon nanotubes according to the present inven 
tion Will be explained in detail. 

[0028] The electrode (anode) for the production of carbon 
nanotubes used in the present invention contains carbon and 
a non-magnetic transition metal Which acts as a catalyst, and 
such an electrode can be prepared, for example, by embed 
ding the non-magnetic transition metal in a graphite rod. 
Speci?cally, for example, a hole having a suitable diameter 
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is formed on the surface of the graphite rod, and the hole is 
?lled With the non-magnetic transition metal in a state such 
as poWder. The average grain siZe of the non-magnetic 
transition metal is not particularly limited in the present 
invention. 

[0029] Instead of embedding non-magnetic transition 
metal in a state such as poWder in the center of the graphite 
rod, it is also possible to form an electrode by compacting 
a mixture of graphite (carbon) poWder and the non-magnetic 
transition metal poWder. In this case, because the step for 
embedding the transition metal in the graphite rod can be 
omitted, the production efficiency of the electrode can be 
improved. Although the mixing ratio of the non-magnetic 
transition metal to the graphite poWder is not particularly 
limited in the present invention, the Weight ratio of the 
non-magnetic transition metal to the graphite poWder is 
preferably in the range of 2:1-10z1. 

[0030] The non-magnetic transition metal used in the 
present invention includes at least tWo elements selected 
from the group consisting of ruthenium (Ru), rhodium (Rh), 
palladium (Pd), and platinum (Pt). 
[0031] Preferably, the non-magnetic transition metal is 
one selected from the group consisting of a binary mixture 
of ruthenium and rhodium, a binary mixture of ruthenium 
and palladium, a binary mixture of ruthenium and platinum, 
a binary mixture of rhodium and palladium, a binary mixture 
of rhodium and platinum, and a binary mixture of palladium 
and platinum. In this case, the yield of single-Walled carbon 
nanotubes can be improved. The mixing ratio of the tWo 
elements in each binary mixture may be adjusted according 
to the requirements. HoWever, the percentage content of the 
lesser element in the binary mixture is preferably not less 
than 1%, and more preferably, it is not less than 10%. In this 
case, the effect provided by the binary mixture can be 
improved. 
[0032] On the other hand, the carbon electrode Which used 
as a cathode is preferably a high purity graphite rod, and the 
anode and the cathode are arranged in a reactor chamber. 

[0033] The inner space of the reactor chamber is prefer 
ably ?lled With an inert gas, such as helium and argon, of 
Which the pressure is preferably adjusted to 50-1500 Torr. 
Hydrogen gas may be added to the inert gas, and in this case, 
the mixing ratio of hydrogen gas is preferably in the range 
betWeen 10-50 volume %. By adding hydrogen gas, the 
groWth rate of nanotubes can be improved. 

[0034] Next, an arc discharge, Which is preferably a direct 
current arc, is generated betWeen the cathode and the anode 
in order to elevate the temperature. By the heat of the arc 
discharge, the tip of the anode evaporates, and carbon vapor 
and atomiZed particulates of non-magnetic transition metal 
are generated. Because the anode Will be gradually short 
ened during the reaction (arc discharge), in order to stabiliZe 
the arc discharge, it is preferable to control the distance 
betWeen the anode and the cathode to be in the range of, for 
example, about 1-2 millimeters. 

[0035] The condition of the non-magnetic transition metal, 
Which is atomiZed in the atmospheric gas by the evaporation 
of the anode and the arc discharge, has not been determined 
With certainty. HoWever, it is believed to be vapor or very 
small particles of molten metal. In this speci?cation, all of 
them are called “particulates”. 
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[0036] A part of the carbon vapor and the particulates of 
the non-magnetic transition metal reach the surface of the 
cathode, and concentrate and accumulate on the surface of 
the cathode. 

[0037] In the conventional arc discharge, most of the 
deposits adhere to the tip of the cathode. HoWever, in the 
present invention, most of single-Walled carbon nanotubes 
adhere to the circumferential surface of the base portion of 
the cathode. Therefore, a deposit containing high concen 
tration of single-Walled carbon nanotubes can be produced 
on the surface of the base portion of the cathode, and it is 
possible to obtain single-Walled carbon nanotubes at high 
yield. 

[0038] The mechanism of the precipitation and groWth of 
the carbon nanotubes has not been determined With certainty 
but is under examination, and the inventors believe it to be 
as folloWs, at the present time. 

[0039] Because most of the single-Walled carbon nano 
tubes are deposited on the surface of the base portion of the 
cathode, the carbon vapor and particulates of the non 
magnetic transition metal generated by the anode are con 
sidered to be present in the atmospheric gas for a relatively 
long time. Next, in the atmospheric gas, the carbon vapor 
and the particulates of the non-magnetic transition metal 
react and form particulates containing an alloy of carbon and 
the non-magnetic transition metal (it is Well-known that 
carbon and metal form alloys). 

[0040] Although it has not been veri?ed, the temperature 
in an arc discharge area is presumed to be 500-1200° C. (the 
temperature in the center of the area is presumed to be 
800-900° C.). The temperature at the tip of the cathode is 
highest, the temperature at the base portion of the cathode is 
loWer, and the vicinity of the base portion has a temperature 
gradient in Which the temperature gradually ascends With 
distance from the surface of the base portion. 

[0041] Carbon vapor and the particulates of the non 
magnetic transition metal reach the surface of the base 
portion around Which the above temperature gradient is 
formed. When they are quickly cooled on the surface of the 
base portion, supersaturated carbon vapor precipitates so as 
to develop straight tubular carbon from the surface of the 
base portion along the direction of the temperature gradient 
While being affected by the non-magnetic transition metal. 

[0042] The diameter and the diameter distribution of the 
single-Walled carbon nanotubes can be controlled by adjust 
ing the pressure in the reactor chamber during the reaction 
(arc discharge). When the pressure is loW, although the 
average diameter of the produced nanotubes Will diminish, 
the distribution thereof Will be slightly enlarged. For 
example, in such a case, nanotubes having an average 
diameter of about 1.0 nm and a diameter distribution of 
about 0.3 nm can be obtained. In contrast, When the pressure 
is high, although the average diameter of the produced 
nanotubes Will slightly increase, the distribution thereof Will 
greatly diminish. For example, in such a case, nanotubes 
having an average diameter of about 1.28 nm and a diameter 
distribution of about 0.07 nm can be obtained. HoWever, 
because the yield of single-Walled carbon nanotubes has the 
tendency to diminish When the pressure is too high or too 
loW, the pressure is preferably in the range of 500-1000 Torr, 
and is more preferably about 600 Torr. 
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[0043] The properties of the deposit including the single 
Walled carbon nanotubes obtained by the present method can 
be evaluated using a scanning electron microscope (SEM), 
a transmission electron microscope (TEM), a Raman Scat 
tering spectrum analyZer, or an X-ray diffraction apparatus, 
according to methods described in the folloWing documents: 
Chem. Phys. Lett. 220, 186(1994); J. Phys. Soc. Jpn. Vol. 63 
(1994), p.2252; Science, Vol. 275 (1997) p.187. 

[0044] FIG. 1 shoWs an example of a TEM microphoto 
graph of single-Walled carbon nanotubes produced by the 
present invention. In this microphotograph, the black por 
tions are the particulates of non-magnetic transition metal, 
and the large numbers of strings extending from the par 
ticulates are single-Walled carbon nanotubes. The Whole of 
them are called “composite including carbon nanotubes” in 
the present speci?cation. 

[0045] The single-Walled carbon nanotubes produced by 
the method of the present invention generally have a straight 
tubular shape having a length of about 10-20 nm and a 
diameter of 1.0-1.28 nm. Furthermore, the Weight ratio of 
single-Walled carbon nanotubes to all the carbon in the 
deposit adhered to the base portion of the cathode Will reach 
to 20-30 Weight % When the reaction conditions are suitable, 
and it Will reach to 50 Weight % When the reaction condi 
tions are best. The balance of the carbon, other than the 
single-Walled carbon nanotubes, is amorphous carbon. 

[0046] The particulates of the non-magnetic transition 
metal contained in the deposit together With the single 
Walled carbon nanotubes have an average grain siZe of 10-20 
nm. Because the non-magnetic transition metal has no 
ferromagnetism, the particles thereof does not inhibit the 
magnetic properties of the single-Walled carbon nanotubes. 

[0047] The means for generating carbon vapor and par 
ticulates of non-magnetic transition metal is not limited to 
arc discharge, but it may be any other means Which can 
generate carbon vapor and particulates of non-magnetic 
transition metal. For example, laser abrasion of the mixture 
of carbon and non-magnetic transition metal, or a method for 
generating vapor by externally heating a mixture gas of an 
organic compound of non-magnetic transition metal and a 
carrier gas, may be applied to the present invention. 

[0048] As described above, in the method of the present 
invention, by using non-magnetic transition metal as a 
catalyst, it is possible to produce, at a high yield, single 
Walled carbon nanotubes Which have straightly extending 
shapes, not spirally Wound shapes. Also, the single-Walled 
carbon nanotubes obtained by the present method have small 
diameters, a narroW diameter distribution, and superior 
properties. Furthermore, the control of the average diameter 
and the diameter distribution of single-Walled carbon nano 
tubes can be performed by controlling the pressure in the 
reactor chamber. 

[0049] Additionally, because the non-magnetic transition 
metal does not have ferromagnetism, the magnetic proper 
ties of the single-Walled carbon nanotubes are not inhibited 
by the presence of the catalyst, and the characteristics of the 
products are not affected. Therefore, the products of the 
method of the present invention can be Widely used, as a 
composition including single-Walled carbon nanotubes or 
puri?ed single-Walled carbon nanotubes, for various kind of 
applications. 



US 2002/0031465 A1 

EXAMPLES 

[0050] Hereinafter, the examples of the present invention 
Will be explained. 

Example 1 

[0051] In a graphite rod having a diameter of 6 mm and a 
length of 50 mm, a cylindrical hole, having an inner diam 
eter of 3.2 mm and a depth of 30 mm, Was formed from one 
end of the rod along the center axis of the rod, and a mixture 
of graphite poWder and non-magnetic transition metal poW 
der Was stuffed in the hole to provide an electrode (anode) 
for producing carbon nanotubes. As the non-magnetic tran 
sition metal, a binary mixture of rhodium and platinum Was 
used, and the Weight ratio of rhodium (Rh): platinum (Pt): 
carbon (C) in the stuffed mixture Was 5 :5 :2. The Weight ratio 
of the non-magnetic transition metal in the total Weight of 
the electrode Was 50%. 

[0052] On the other hand, as a cathode for producing 
carbon nanotubes, a graphite rod having a diameter of 13 
mm and a length of 30 mm Was prepared. The purity of the 
graphite rod Was 99.998 Weight %. 

[0053] These electrodes Were ?tted in the apparatus shoWn 
in FIG. 6. This apparatus comprises a reactor chamber 
(vacuum chamber) 1, to Which an upper ?ange 2, a loWer 
?ange 4, a front ?ange 3, and a rear ?ange are ?xed. Inside 
the reactor chamber 1, the above-described cathode 8 and 
anode 10 for producing carbon nanotubes are ?xed so that 
the tips thereof face each other, and a feeding device 12 is 
provided for maintaining at a constant value the distance 
betWeen the tips of the anode and the cathode 8. The tip of 
the anode means the tip of an anode deposit C When it has 
groWn up from the tip of the anode 10. The cathode 8 and 
the anode 10 are respectively connected to cathode and 
anode terminals 14 and 16, and these terminals 14 and 16 are 
connected to a direct voltage source (not shoWn). 

[0054] Next, the atmospheric gas in the reactor chamber 1 
Was substituted by helium gas of purity 99.9%, and direct 
voltage arc discharge Was performed. The combinations of 
the pressure in the reactor chamber 1 and the current applied 
Were 600 Torr and 70 A, or 50 Torr and 100 A. The distance 
betWeen the tips of the anode 10 and the cathode 8 Was 
controlled so as to be 1-2 mm during the reaction. After 1-2 
minutes from the beginning of the reaction, deposits con 
taining carbon as a main composition Were generated. 

[0055] Soot (chamber soot) A adhered to the inner surface 
of the reactor chamber 1, a cylindrical deposit C greW up 
from the tip of cathode 8, and rubber-like soot (cathode soot) 
adhered to the circumferential surface of the cathode 8. 
These substances Were collected, and the properties of them 
Were evaluated by TEM, Raman scattering spectrum, and X 
ray diffraction. 

[0056] The TEM microphotographs Were photographed 
by a “CM120” sold by Phillips Inc. at 120 kV. The collected 
soot or deposit Were brayed With a mortar, and the poWders 
Were dispersed in ethyl alcohol under ultrasonic vibration. 
The resulting suspensions Were dropped on porous carbon 
grids, and, after drying, samples Were obtained. 

[0057] The Raman scattering spectrums Were measured 
using an argon ion laser (488 nm), at room temperature, in 
the manner of back scattering geometry. As the X-ray 

Mar. 14, 2002 

diffraction analysis, poWder X-ray diffraction analysis Was 
performed using a Cu—K 0t source. 

[0058] From the results of these experiments, it Was found 
that the majority of the single-Walled carbon nanotubes Were 
contained in the cathode soot. Furthermore, from the TEM 
photographs and the result of the Raman scattering analysis, 
it Was ascertained that more than 50 Weight % of the cathode 
soot consisted of single-Walled carbon nanotubes. 

[0059] In contrast, single-Walled carbon nanotubes Were 
not found in the cylindrical deposit C, also, in the chamber 
soot A, only a trace amount of single-Walled carbon nano 
tubes Was detected. 

[0060] FIG. 1 is a TEM microphotograph of the cathode 
soot produced under a pressure of 600 Torr. This cathode 
soot Was found to be a composite consisting of particulates 
of non-magnetic transition metal and straight single-Walled 
carbon nanotubes extending from the surface of the metal 
particulates. The single-Walled carbon nanotubes may be 
utiliZed after isolation from the composite, or, the compo 
sition itself may be utiliZed. 

[0061] FIG. 2 illustrates the Raman scattering spectrum of 
cathode soot produced under a pressure of 600 Torr. In this 
spectrum, the main peak of 1580 cm-1 corresponds to 
single-Walled carbon nanotubes, and the small peak of 1340 
cm'1 corresponds to amorphous carbon. 

[0062] In comparison With the case Where the inner pres 
sure of the reactor chamber Was 600 Torr and the case Where 
the inner pressure of the reactor chamber Was 50 Torr, there 
Were not substantial differences betWeen the TEM micro 
photographs and betWeen the ratios of single-Walled carbon 
nanotubes and amorphous carbon. 

[0063] FIGS. 3 and 4 respectively illustrate the diameter 
distributions of single-Walled carbon nanotubes obtained in 
the cases of 600 Torr and 50 Torr. As is clear from these 
graphs, by controlling the atmospheric pressure in the reac 
tor chamber, it is possible to control the diameter and the 
diameter distribution of single-Walled carbon nanotubes. 

[0064] FIG. 5 shoWs the Raman spectrum indicating the 
diameter distribution of the single-Walled carbon nanotubes 
produced in the case of 600 Torr. The main peak of 167 cm'1 
corresponds to a diameter of 1.33 nm, and the shoulder peak 
of 185 cm'1 corresponds to a diameter of 1.21 nm. The 
measurement of the Raman spectrum Was performed accord 
ing to the method explained in J. Phys. Soc. Jpn., vol. 63, 
1994, p.2252, and Science, vol. 275, 1997, p.187. 

Examples 2-7 

[0065] Single-Walled carbon nanotubes Were produced by 
the same method as that of the Example 1, except that the 
kind of non-magnetic transition metal Was changed, that the 
Weight ratio of the non-magnetic transition metal and graph 
ite in the poWder mixture Was varied, and that the pressure 
in the reactor chamber Was varied. 

[0066] As the results, in all cases, straight single-Walled 
carbon nanotubes could be obtained. The Table 1 also shoWs 
the yields (contents) of single-Walled carbon nanotubes in 
the produced composite. The “yield in cathode soot” means 
the Weight percentage of single-Walled carbon nanotubes in 
all carbon contained in the cathode soot, and the “yield in 
chamber soot” means the Weight percentage of single-Walled 
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carbon nanotubes in all carbon contained in the cathode soot. 
“Trace” means a trace amount Which is less than 1 Weight %. 

[0067] As clearly shoWn in the Table 1, by controlling the 
reaction conditions such as the composition ratio in the 
poWder mixture, it is possible to produce composites con 
taining single-Walled carbon nanotubes of 20-30 Weight % 
of all carbon therein. 

TABLE 1 

Example Weight ratio in He pressure Yield in Yield in 
No. powder mixture (Torr) cathode soot chamber soot 

2 Ru:Pd:C 50 — — 

1:1:1 600 1% — 

1520 Trace — 

3 Rh:Pd:C 50 Trace — 

1:1:1 600 10% — 

1520 1% — 

4 Ru:Rh:C 50 1% — 

1:1:1 600 1% Trace 
1520 1% — 

5 Ru:Pt:C 600 1% Trace 
5 :5:2 

6 Rh:Pt:C 9:1:2 600 20% 1% 
1:1:1 600 30% 10% 
1:9:2 600 20% Trace 

7 Pd:Pt:C 1:1:1 600 10% Trace 

1. A method for producing carbon nanotubes comprising 
the step of developing carbon nanotubes by contacting 
carbon vapor With a non-magnetic transition metal including 
at least tWo elements selected from the group consisting of 
ruthenium, rhodium, palladium, and platinum. 

2. The method for producing carbon nanotubes according 
to claim 1, Wherein the non-magnetic transition metal is one 
selected from the group consisting of a binary mixture of 
ruthenium and rhodium, a binary mixture of ruthenium and 
palladium, a binary mixture of ruthenium and platinum, a 
binary mixture of rhodium and palladium, a binary mixture 
of rhodium and platinum, and a binary mixture of palladium 
and platinum. 

3. A method for producing carbon nanotubes comprising 
the steps of: 

generating carbon vapor and particulates of a non-mag 
netic transition metal including at least tWo elements 
selected from the group consisting of ruthenium, 
rhodium, palladium, and platinum; and 

developing carbon nanotubes by contacting the carbon 
vapor With the particulates of the non-magnetic transi 
tion metal. 

4. The method for producing carbon nanotubes according 
to claim 3, Wherein the non-magnetic transition metal is one 
selected from the group consisting of a binary mixture of 
ruthenium and rhodium, a binary mixture of ruthenium and 
palladium, a binary mixture of ruthenium and platinum, a 
binary mixture of rhodium and palladium, a binary mixture 
of rhodium and platinum, and a binary mixture of palladium 
and platinum. 

5. The method for producing carbon nanotubes according 
to claim 3, Wherein the step of generating carbon vapor and 
particulates of a non-magnetic transition metal is performed 
using arc discharge. 

6. The method for producing carbon nanotubes according 
to claim 5, Wherein the non-magnetic transition metal is one 
selected from the group consisting of a binary mixture of 
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ruthenium and rhodium, a binary mixture of ruthenium and 
palladium, a binary mixture of ruthenium and platinum, a 
binary mixture of rhodium and palladium, a binary mixture 
of rhodium and platinum, and a binary mixture of palladium 
and platinum. 

7. The method for producing carbon nanotubes according 
to claim 5, Wherein the arc discharge is performed in a 
reactor chamber containing inert gas at a pressure ranging 
from 50 to 1500 Torr. 

8. The method for producing carbon nanotubes according 
to claim 6, Wherein the arc discharge is performed in a 
reactor chamber containing inert gas at a pressure ranging 
from 50 to 1500 Torr. 

9. The method for producing carbon nanotubes according 
to claim 5, Wherein the arc discharge is performed in a 
reactor chamber containing hydrogen gas and inert gas at a 
pressure ranging from 50 to 1500 Torr. 

10. The method for producing carbon nanotubes accord 
ing to claim 6, Wherein the arc discharge is performed in a 
reactor chamber containing hydrogen gas and inert gas at a 
pressure ranging from 50 to 1500 Torr. 

11. The method for producing carbon nanotubes accord 
ing to claim 5, Wherein the arc discharge is performed using 
an electrode Which contains carbon and a non-magnetic 
transition metal including at least tWo elements selected 
from the group consisting of ruthenium, rhodium, palla 
dium, and platinum. 

12. The method for producing carbon nanotubes accord 
ing to claim 11, Wherein the non-magnetic transition metal 
is one selected from the group consisting of a binary mixture 
of ruthenium and rhodium, a binary mixture of ruthenium 
and palladium, a binary mixture of ruthenium and platinum, 
a binary mixture of rhodium and palladium, a binary mixture 
of rhodium and platinum, and a binary mixture of palladium 
and platinum. 

13. The method for producing carbon nanotubes accord 
ing to claim 3, Wherein the carbon vapor is contacted With 
the particulates of the non-magnetic transition metal in a 
reactor chamber containing inert gas at a pressure ranging 
from 50 to 1500 Torr. 

14. The method for producing carbon nanotubes accord 
ing to claim 13, Wherein the non-magnetic transition metal 
is one selected from the group consisting of a binary mixture 
of ruthenium and rhodium, a binary mixture of ruthenium 
and palladium, a binary mixture of ruthenium and platinum, 
a binary mixture of rhodium and palladium, a binary mixture 
of rhodium and platinum, and a binary mixture of palladium 
and platinum. 

15. The method for producing carbon nanotubes accord 
ing to claim 3, Wherein the carbon vapor is contacted With 
the particulates of the non-magnetic transition metal in a 
reactor chamber containing hydrogen gas and inert gas at a 
pressure ranging from 50 to 1500 Torr. 

16. The method for producing carbon nanotubes accord 
ing to claim 15, Wherein the non-magnetic transition metal 
is one selected from the group consisting of a binary mixture 
of ruthenium and rhodium, a binary mixture of ruthenium 
and palladium, a binary mixture of ruthenium and platinum, 
a binary mixture of rhodium and palladium, a binary mixture 
of rhodium and platinum, and a binary mixture of palladium 
and platinum. 

17. The method for producing carbon nanotubes accord 
ing to claim 1, Wherein the non-magnetic transition metal is 
one selected from the group consisting of a binary mixture 
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of rhodium and palladium, a binary mixture of rhodium and 
platinum, and a binary mixture of palladium and platinum. 

18. The method for producing carbon nanotubes accord 
ing to claim 3, Wherein the non-magnetic transition metal is 
one selected from the group consisting of a binary mixture 
of rhodium and palladium, a binary mixture of rhodium and 
platinum, and a binary mixture of palladium and platinum. 

19. The method for producing carbon nanotubes accord 
ing to claim 13, Wherein the non-magnetic transition metal 
is one selected from the group consisting of a binary mixture 
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of rhodium and palladium, a binary mixture of rhodium and 
platinum, and a binary mixture of palladium and platinum. 

20. The method for producing carbon nanotubes accord 
ing to claim 15, Wherein the non-magnetic transition metal 
is one selected from the group consisting of a binary mixture 
of rhodium and palladium, a binary mixture of rhodium and 
platinum, and a binary mixture of palladium and platinum. 


