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Fig. 2 
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Fig. 5a 
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PURIFED CARBON NANOTUBES 

CROSS-REFERENCE(S) TO RELATED 
APPLICATIONS 

0001. The present invention claims priority of Korean 
Patent Application No. 10-2008-0095856, filed on Sep. 30, 
2008, which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a continuous 
method of purifying carbon nanotubes, and more particularly, 
to a continuous method of purifying carbon nanotubes under 
a sub-critical water or Supercritical water condition. 
0004 2. Description of Related Art 
0005. A structure of the carbon nanotube (hereinafter, 
referred to CNT) was discovered firstly in 1991; and manu 
factures, physical properties and applications thereof have 
been accomplished actively. Further, it is confirmed that the 
CNT is prepared if transition metals such as Fe, Ni, and Co are 
added upon electric-discharging. The full-scale research is 
not initiated until considerable samples are produced by 
means of a laser vaporization method in 1996. Such CNT is in 
a shape of hollow tube having a graphite Surface rolled up in 
a nano-sized diameter. At this time, the electric property of the 
CNT is classified into conductor or semi-conductor in accor 
dance with degree and structure with which the graphite 
surface is rolled up. Further, the CNT can be classified into a 
single-walled carbon nanotube SWCNT, a double-walled 
carbon nanotube DWCNT, thin multi-walled carbon nano 
tube, a multi-walled carbon nanotube MWCNT, and roped 
carbon nanotube in accordance with the number of the graph 
ite walls. 
0006. In particular, the CNT is superior in mechanical 
intensity and elasticity, and has chemical stability, environ 
mental friendliness, as well as electrical conductivity and 
semi-conductivity. Further, the CNT has a diameter of 1 nm to 
several tens nm and a length of several um to several tens um 
so that it is greater than any exiting materials of which aspect 
ratio amounts to about 1,000. Further, since its specific-sur 
face area is very large, it is under the spotlight in various fields 
Such as future-generation information electronic material, 
high-efficiency energy material, high-capacity complex 
material, and environmental friendliness material. 
0007. However, it is difficult to utilize electric, mechanical 
and physical properties of the CNT due to impurities such as 
carbon Substance, amorphous graphite, and alpha carbon 
besides the CNT which are prepared during the manufactur 
ing process of the CNT. Therefore, it is necessary for a con 
tinuous method of purifying a large amount of CNT in order 
to enlarge the practical range in various uses while Supporting 
the properties of the CNT. The technique of purifying the 
CNT is exemplified as a method of purifying the CNT using 
an acidic gas pyrolysis in Korean patent No. 2001-0049298, a 
method of purifying through the pyrolysis using an oxidizer 
in U.S. Pat. No. 5,641,466 and a method of purifying at a 
higher temperature using the oxidizer in Japanese Patent No. 
1996-1231O. 
0008. However, in cases of the above techniques, the time 
needed for heat treatment is long and steps up to an acid 
treatment process are complicated, which results in consum 
ing too much time. 

SUMMARY OF THE INVENTION 

0009. An embodiment of the present invention is directed 
to providing a continuous method of purifying carbon nano 
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tubes under a sub-critical water or supercritical water condi 
tion using a continuous apparatus without separate purifying 
processes. 

0010. To achieve the object of the present invention, the 
present invention provides a continuous method of purifying 
carbon nanotubes comprising a first purifying step for inject 
ing a carbon nanotube liquid mixture containing an oxidizer 
into a purifying reactor under a Sub-critical water or Super 
critical water condition at a pressure of 50 to 400 atm and a 
temperature of 100 to 600° C. to obtain a purified product. 
0011 Further, the present invention provides a continuous 
apparatus of purifying carbon nanotubes comprising a mixing 
unit for forming a carbon nanotube Solution by allowing the 
carbon nanotubes to be mixed with a solvent containing water 
using a circulation pump; a pre-heater for heating a carbon 
nanotube liquid mixture formed by allowing the pre-heated 
carbon nanotube solution to be in contact with an oxidizer and 
mixed with the oxidizer while the carbon nanotube solution is 
injected at a pressure of 50 to 400 atm; a first purifying 
reactor in which the liquid mixture is injected under a Sub 
critical water or Supercritical water condition at a pressure of 
50 to 400 atm and a temperature of 100 to 600° C.; a de 
pressurizing unit for de-pressurizing the purified product up 
to 1 to 10 atm via a cooling apparatus that cools the purified 
product to a temperature of 0 to 100° C.; and a product storage 
vessel for recovering the product de-pressurized by the de 
pressurizing unit. 
0012. Further, the present invention provides the carbon 
nanotubes purified according to the continuous method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a flow diagram of continuous method of 
purifying carbon nanotubes according to one preferable 
embodiment of the present invention. 
0014 FIG. 2 is a flow diagram of continuous apparatus of 
purifying carbon nanotubes including a filtering apparatus 
according to one preferable embodiment of the present inven 
tion. 

0015 FIG. 3 is a flow diagram of continuous apparatus of 
purifying carbon nanotubes including a filtering apparatus 
according to one preferable embodiment of the present inven 
tion. 

0016 FIGS. 4a and 4b are Scanning Electron Microscope 
SEM pictures of the carbon nanotubes which are not purified 
for each magnification according to a comparative example 1. 
(0017 FIGS. 5a and 5b are Scanning Electron Microscope 
SEM pictures of the carbon nanotubes which are purified for 
each magnification according to Embodiment 2. 
0018 FIGS. 6a and 6b are Scanning Electron Microscope 
SEM pictures of the carbon nanotubes which are purified for 
each magnification according to Embodiment 1. 
0019 FIGS. 7a and 7b are transmission Electron Micro 
scope TEM pictures of the carbon nanotubes which are not 
purified for each magnification according to a comparative 
example 1. 
0020 FIGS. 8a and 8b are transmission Electron Micro 
scope TEM pictures of the carbon nanotubes which are puri 
fied for each magnification according to Embodiment 2. 
0021 FIGS. 9a and 9b are transmission Electron Micro 
scope TEM pictures of the carbon nanotubes which are puri 
fied for each magnification according to Embodiment 1. 
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0022 

Detailed Description of Main Elements 

10: circulation pump 
2O: CNT solution high-pressure infusion pump 
30: oxidizer high-pressure infusion pump 
40: heat exchanger 
50: acid solution high-pressure infusion pump 
60: cooling apparatus 
70: filtering pressure control apparatus 
80: pressure control apparatus 

100: mixing unit 
200: pre-heater 
31 O: first purifying-reactor 
330: Second purifying-reactor 
410: first filtering unit 
430: Second filtering unit 
500: filtrate storage vessel 
600: de-pressurizing unit 
700: product storage vessel 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

0023 The advantages, features and aspects of the inven 
tion will become apparent from the following description of 
the embodiments with reference to the accompanying draw 
ings, which is set forth hereinafter. In the drawings, it is noted 
that like components or parts represent possibly like reference 
numerals. Upon explaining the present invention, the specific 
explanations on the related known function or structure are 
omitted in order to make the subject matter of the present 
invention obvious. 

0024. The terms of “about”, “substantially' and so on used 
in the specification are used as a numerical value or a meaning 
closed to the numerical value when a tolerance of production 
and material inherent in the meaning mentioned is presented, 
and used to prevent conscienceless invaders from using the 
teachings in which correct or absolute numeral values are 
disclosed to help the understanding of the present invention 
0025 FIG. 1 is a flow diagram of continuous purification 
method of carbon nanotubes according to one preferable 
embodiment of the present invention. Referring to FIG. 1, the 
purification of carbon nanotubes according to the present 
invention may be processed in a carbon nanotube solution 
production step S100, a carbon nanotube solution injecting 
step S200, an oxidizer injecting step S300, a pre-heating step 
S400, a first purification step S500, and a cooling step S800; 
and further an acid solution injecting step S600 and a second 
purification step S700 may be processed after the first purifi 
cation step S500, and a filtering step S911, a product recov 
ering step S913, and de-pressurizing step S915 or the de 
pressurizing step S931 and a product recovering step S933 are 
processed after the cooling step S800. 
0026 FIG. 2 is a process view showing a continuous appa 
ratus of purifying carbon nanotubes in which a filtering appa 
ratus is included according to one preferable embodiment of 
the present invention. Referring to FIG. 2, the continuous 
apparatus of purifying carbon nanotubes according to the 
present invention includes a mixing unit 100, pre-heater 200, 
a first purifying-reactor 310, a first filtering unit 410, a second 
filtering unit 430 and a filtrate storage vessel 500, and a 
second purifying-reactor 330 may be further included next to 
the first purifying-reactor 310. 
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0027 FIG.3 is a process view showing a continuous appa 
ratus of purifying carbon nanotubes according to one prefer 
able embodiment of the present invention. Referring to FIG. 
3, the continuous apparatus of purifying carbon nanotubes in 
which a de-pressurization tub is included according to other 
example of the present invention may further include a mix 
ing unit 100, a pre-heater 200, a first purifying-reactor 310, a 
de-pressurization tub 600 and a product storage vessel 700, 
and a second purifying-reactor 330 may further be included 
next to the first purifying-reactor 310. 
0028. The present invention may include a first purifica 
tion step in which the purified product is formed in the puri 
fying-reactor by injecting the carbon nanotube liquid mixture 
including the oxidizer under a sub-critical water or Supercriti 
cal water condition at a pressure of 50 to 400 atm and a 
temperature of 100 to 600° C. and a second purification step 
in which inorganic matters is to be removed by causing the 
first purified product to be reacted with the acid solution. 
0029. The carbon nanotube liquid mixture containing the 
oxidizer is formed by which the oxidizer is injected to make 
it contact with the carbon nanotube solution while the carbon 
nanotube solution is injected into the pre-heater 200 located 
at a front end of the first purifying-reactor 310. At this time, 
the carbon nanotube liquid mixture is injected into the pre 
heater 200 and then is undergone through the pre-heating step 
S400 at a temperature of 200 to 370° C. 
0030 Specifically, the continuous purification method of 
the carbon nanotube is characterized in that the carbon nano 
tube and a solventis circulated by a circulation pump 10 in the 
mixing unit 100 to produce the carbon nanotube solution in a 
carbon nanotube solution production step S100, the carbon 
nanotube solution is injected into the pre-heater 200 located 
at a front end of the first purifying-reactor at a pressure of 50 
to 400 atm by the CNT solution high-pressure infusion pump 
20 in a carbon nanotube solution injection step S200 while the 
oxidizer is injected by the oxidizer high-pressure infusion 
pump 30 at a pressure of 50 to 400 atm in an oxidizer injecting 
step S300, and the liquid mixture of the carbon nanotube 
solution and the oxidizer formed by contacting the oxidizer to 
the carbon nanotube Solution is injected into the pre-heater 
200 and undergone through the preheating step S400 at a 
temperature of 200 to 370° C. 
0031. In the carbon nanotube-solution production step 
S100, the carbon nanotube solution containing the carbon 
nanotube and the solvent is injected into the mixing unit 100 
and produced by the circulation pump 10 before the liquid 
mixture of the oxidizer and the carbon nanotube is produced. 
The solvent contained in the CNT solution necessarily con 
tains water and can be selected from a group consisted of 
aliphatic alcohol of C1-C20, carbon dioxide and a combina 
tion of them. 
0032. The CNT is preferably selected from a group con 
sisted of a single-walled, a double walled, a thin multi-walled, 
a multi-walled, roped and a combination of them. 
0033. Further, the CNT is contained with at least 0.0001 
parts by weight of the solvent and preferably 0.001 to 19 parts 
by weight. If the CNT is less than 0.0001 parts by weight, the 
recovery amount of the CNT is too small. 
0034. As the CNT solution is injected into the pre-heater 
200 at a pressure of 50 to 400 atm through the CNT solution 
high-pressure infusion pump 20, the CNT solution is con 
tacted to the oxidizer injected using the oxidizer high-pres 
sure infusion pump 30 at a pressure of 50 to 400 atm so that 
the CNT solution is mixed with the oxidizer at a front end of 
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the heat exchanger 40, and then the liquid mixture of them is 
injected into the pre-heater 200 and pre-heated at a tempera 
ture of 100 to 370° C. 

0035) If the pressure is less than 50 atm when the CNT 
Solution and the oxidizer are injected through the high-pres 
sure infusion pump, it is difficult to allow the CNT solution 
and the oxidizer to be injected into the pre-heater 200 and the 
first purifying-reactor. On the other hand, if the pressure is 
more than 400 atm, the energy loss is caused due to higher 
pressure. 

0036. The carbon nanotube solution further contains a 
nitro compound of a chemical equation 1. 

R—(NO. Chemical equation 1 - 

Where, R is alkyl group of C-C, or an aryl group of C-C, 
X and y are integers of 1 to 3 independently. The nitro com 
pound is preferably nitro methane, nitro ethane or nitro pro 
pane. 

0037. The nitro compound is contained at 0.00001 to 3 
mol/L, in which it is impossible to purify the carbon nanotube 
efficiently if the nitro compound is less than 0.00001 mol/L.; 
and it is impossible to make sure desirable yields since the 
carbon nanotube can be damaged while the inorganic matters 
and amorphous carbon are removed if it is more than 3 mol/L. 
0038. The preheating tub 200 is to pre-heat the liquid 
mixture in order to make uniform a temperature of the first or 
the second purifying-reactors 310 and 330 before treating the 
liquid mixture under the sub-critical water or supercritical 
water condition that is mentioned later. 

0039. Therefore, the pre-heater 200 is provided with the 
heat exchanger at a front end thereof and is responsible for 
pre-heating the liquid mixture of the CNT and the oxidizer. 
The heat exchanger 40 is responsible for primarily lowering 
the temperature before ultimately cooling the purified prod 
uct under the sub-critical water or supercritical water condi 
tion to prevent the energy loss from being consumed upon 
subsequent cooling. If the temperature is less than 100° C. 
the temperature is further raised at the threshold condition so 
that the energy loss can not be prevented, and if it is more than 
370°C., the energy needed to increase the temperature above 
preheat efficiency is even increased so that there is no need to 
provide the heat exchanger. 
0040. Meanwhile, the oxidizer can be selected from a 
group consisted of oxygen, air, oZone, hydrogen peroxide, 
nitro compound, nitric acid oxidizer, and a combination of 
them. The oxidizer can be contained at a 0.001 equivalent to 
10 equivalent in proportion to carbon equivalent of the CNT 
within the carbon nanotube liquid mixture. 
0041. The impurities such as nanocarbon, amorphous car 
bon and alphacarbon which were contained in the CNT solu 
tion before the CNT is oxidized due to the oxidizer can be 
oxidized and eliminated. This is because the nano carbon, 
amorphous carbon, alpha carbon has a high reactivity with the 
oxidizer in comparison to the CNT so that the reaction rate 
with the oxidizer is very quick. That is, the impurities are 
eliminated due to a difference in the reaction rate of particle 
S17S. 

0042. Therefore, the CNT is not uniformly oxidized with 
the oxidizer to cause impurities not to be eliminated and the 
purification rate to below if the oxidizer is injected at less than 
0.001 equivalent based on the CNT carbon, while the purifi 
cation efficiency is not improved as much if it is injected at 
more than 10 equivalent. 
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0043. The carbon nanotube liquid mixture preheated via 
the pre-heating step S400 is carried to the first continuous 
purifying-reactor 310, where the first purification step S500 is 
processed for the carbon nanotube under the sub-critical 
water or supercritical water condition of 50 to 400 atm. At this 
time, the temperature under the Sub-critical water or Super 
critical water condition is preferably 100 to 600° C. 
0044) The pressure of the sub-critical water condition is 
preferably 50 to 260 atm and more preferably 60 to 260 atm. 
Further, the temperature is preferably 100 to 380° C. and 
more preferably 200 to 350° C. At this time, the treatment 
time is preferably processed for 1 to 30 minutes, and more 
preferably for 5 to 15 minutes. 
0045 Meanwhile, the pressure in the supercritical water 
condition is preferably 150 to 400 atm, and more preferably 
210 to 300 atm. Further, the temperature is preferably 350 to 
600° C., and more preferably 370 to 500° C. At this time, the 
treatment time is preferably processed for 1 to 30 minutes, 
and more preferably for 5 to 15 minutes. 
0046. Due to such sub-critical water or supercritical water 
condition, since the oxidizer is quickly reacted with the impu 
rities Such as nanocarbon, amorphous carbon and alpha car 
bon, it is possible to remove the impurities via oxidation in a 
short time. Therefore, the purification efficiency can be dif 
ferentiated due to a difference in reactivity of the oxidizer and 
the impurities 
0047. The selection under the sub-critical water or super 
critical water condition is to control the purification rate, 
which means a temperature or a pressure condition repre 
sented above. 

0048. The continuous method of purifying carbon nano 
tubes according to the present invention can further include 
the second purification step S700 in which the first purified 
product is reacted with the acid solution to remove the inor 
ganic matters. Since the second purification step can further 
purify the inorganic matters as well as impurities within the 
carbon nanotube to improve the purification effect, it is pos 
sible to obtain high quality samples applied to FED, LCD 
backlight, high-integrated memory device, fuel cell and the 
like which require the CNT of high purity. 
0049. After the first purified product via the first purifica 
tion step S500 is injected into the second purifying-reactor 
330, the acid solution is injected into the second purifying 
reactor 330 using the acid solution high-pressure injection 
pump 50 at a pressure of 50 to 400 atm and a temperature of 
100 to 600° C. to remove the inorganic matters such as metal 
or catalyst in the acid solution injecting step S600. If the 
pressure at which the acid solution is injected is less than 50 
atm, it is difficult for the acid solution to be injected into the 
second purifying-reactor 330, and if it is greater than 400 atm, 
the energy loss is caused due to a higher pressure and the 
purification rate is no longer improved. 
0050 Herein, the continuous method of purifying carbon 
nanotubes according to the present invention allows the acid 
Solution to be injected into an entrance portion of the second 
purifying-reactor under the Sub-critical water or Supercritical 
water condition. 

0051. The acid solution is reacted with the metal inorganic 
matters contained in the catalyst used at the time of the carbon 
nanotube manufacture to form salt which is then melted into 
the solution, so that the inorganic matters are removed. 
0.052 Therefore, the acid solution can contain any one 
acid selected from a group consisted of nitric acid, hydrochlo 
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ric acid, phosphoric acid, Sulfuric acid and a combination of 
them, and nitric acid or phosphoric acid is preferable. 
0053. The continuous method of purifying carbon nano 
tubes is characterized in that the acid solution is injected at 
0.00001 to 3.0M, and preferably 0.005 to 1.OM. If the acid 
solution is injected at less than 0.00001M, the impurities such 
as inorganic matters are not sufficiently removed, and if it is 
injected at greater than 3.0M, the removal efficiency are not 
improved as much, which results in waste materials. 
0054 The present invention provides a continuous method 
of purifying carbon nanotubes which includes a cooling step 
S800 cooling the first or the second purified product at 0 to 
100° C.; a filtering step S911 after the cooling step; a recovery 
step S913 recovering the filtered product; a de-pressurizing 
step S915 de-pressurizing the product at 1 to 10 atm after 
recovering it In the acid solution injecting step S600, the acid 
solution is injected into the second purifying-reactor 330 
located in a rear portion of the first purifying-reactor 310 by 
the acid solution high-pressure infusion pump 50 to purify the 
metal inorganic matters of the first purified product at a tem 
perature of 200 to 300° C. The heat exchanger 40 which is 
provided at a front end of the pre-heater 200 and used to 
pre-heat the CNT solution is reused for firstly cooling the first 
or second purified product discharged from the second puri 
fying-reactor 330 to be a temperature of 100 to 200° C. 
thereby preventing the energy loss. 
0055. The first or second purified product is firstly cooled 
by the heat exchanger 40 and then cooled up to a temperature 
of 0 to 100° C. via the cooling apparatus 60. The cooling 
temperature is preferably controlled at a temperature of 20 to 
500 C. 
0056. The filtering step S911 can be processed via the 
filtering units 410, 430 which have high-pressure filters with 
a void of 0.001 to 10 uM connected in parallel to be operated 
in a Switching manner, in order to filter the first or the second 
purified and cooled product. It is possible to recover the 
purified CNT of solid state via the filtering step S911. 
0057 The filtering units 410, 430 cause the product to be 
divided into filtrates 411,431 and purified CNT filtered prod 
uct 413, 433, and the filtrates 411,431 are de-pressurized at a 
normal pressure State via a filtering pressure control appara 
tus 70 and transferred to the filtrate storage vessel 500. One or 
more filtering units 410, 430 can be provided in parallel in 
accordance with necessary capacity. 
0058 Specifically, when the product is divided into the 
CNT filtered product and the filtrates via the filtering units 
410, 430 connected in parallel, if the filtering unit 410 is 
Subject to pressure to cause its valve to be closed, the filtering 
unit 430 is opened to filter the purified and cooled product, 
and at the same time the CNT filtered product 413 within the 
filtering unit 410 are recovered and the filtrates 411 is trans 
ferred to the filtrate storage vessel 500. 
0059 Similarly, if the filtering unit 430 is subject to pres 
sure to cause its valve to be closed, the filtering unit 410 is 
opened to filter the purified and cooled product, and at the 
same time the CNT filtered product 433 within the filtering 
unit 430 are recovered and the filtrates 431 is transferred to the 
filtrate storage vessel 500. Such operation of the filtering units 
is processed repeatedly in an alternating manner, which 
results that the filtering can be accomplished continuously. 
After the filtering step S911, the product is undergone 
through the product recovery step S913 that recovers the 
filtered product of solid state and then the de-pressurizing 
step S915 that de-pressurizes it up to 1 to 10 atm. 
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0060. In addition, the continuous method of purifying car 
bon nanotubes includes a cooling step S800 that cools the first 
or second purified product at a temperature of 0 to 100° C.; a 
de-pressurizing step S931 that de-pressurizes it at a pressure 
of 1 to 10 atm after cooling; and a product recovery step S933 
that recovers the de-pressurized product. According to the 
method, it is possible to obtain the purified carbon nanotube 
of liquid State. 
0061 More specifically, the product cooled via the cool 
ing step S800 is transferred to the de-pressuring tub 600 and 
undergone through the de-pressurizing step S931 up to 1 to 10 
atm. The de-pressurizing step is processed Such that the prod 
uct is firstly de-pressurized up to 10 to 100 atm by a capillary 
de-pressuring apparatus and then finally de-pressurized up to 
1 to 10 atm by a pressure control apparatus 80. 
0062 ml The continuous method of purifying carbon 
nanotubes according to the present invention is finally per 
formed by recovering the carbon nanotube purified via the 
recovering step S933 into the product storage 700. 
0063. The continuous apparatus used for purifying the 
carbon nanotube includes a mixing unit 100 that forms the 
carbon nanotube solution by allowing the carbon nanotube to 
be mixed with the solvent containing water by the circulation 
pump; a pre-heater 200 that heats the carbon nanotube liquid 
mixture formed by allowing the pre-treated carbon nanotube 
solution to be mixed with the oxidizer at a temperature of 100 
to 370°C. while the carbon nanotube solution is injected at a 
pressure of 50 to 400 atm; a first purifying-reactor 310 in 
which the liquid mixture is injected under the sub-critical 
water or Supercritical water condition processed at a pressure 
of 50 to 400 atm; a de-pressurizing unit 600 that de-pressur 
izes the purified product up to 1 to 10 atm via the cooling 
apparatus 60 that cools the purified product to a temperature 
of 0 to 100° C.; and a storage vessel 700 that recovers the 
product de-pressurized by the de-pressurizing unit. 
0064. Further, the continuous apparatus of purifying car 
bon nanotubes according to the present invention can further 
include the second purifying-reactor 330 that causes the first 
purified product purified via the first purifying-reactor to be 
reacted with the acid solution to remove the inorganic mat 
ters. 

0065. Further, the continuous apparatus of purifying car 
bon nanotubes according to the present invention is provided 
with the heat exchanger 40 located at a front end of the 
pre-heater 200, in which the heat exchanger 40 is to exchange 
heat between the carbon nanotube liquid mixture prior to 
pre-heating and the purified product. 
0066. The continuous apparatus of purifying carbon nano 
tubes is characterized in that the de-pressurized apparatus is 
used with a capillary de-pressurizing apparatus. 
0067. The continuous apparatus of purifying carbon nano 
tubes further includes the filtering units 410, 430 which have 
high-pressure filters having a void of 0.001 to 10 um con 
nected in parallel to be operated in a Switching manner. If the 
void of the high-pressure filter is less than 0.001 um, the 
purified carbon nanotube blocks the filter so that there is a 
concern about an energy load, and if it is greater than lop, the 
filtering efficiency is eliminated so that there are concerns that 
the powderparticles of the carbon nanotube are not equal. 
0068. The present invention provides the carbon nanotube 
purified by the continuous method. 
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0069. Hereinafter, embodiments of the present invention 
will be described specifically. 

Embodiment 1 

0070. After inputting carbon nanotubes of 10 g and dis 
tilled water of 990 g into the mixing unit 100, they are stirred 
while being circulated by the circulating pump 10 to produce 
the CNT solution. The CNT solution is injected into the 
pre-heater 200 past the heat exchanger 40 at a flow rate of 13 
g/min using the CNT solution high-pressure infusion pump 
20 and then pre-heated up to a temperature of 220 to 260° C. 
Then, the oxygen of gas state compressed at a pressure of 245 
to 252 atm is mixed with the CNT solutionata frontend of the 
pre-heater 200 at a flow rate of 0.7 g/min. The CNT liquid 
mixture is injected into the first purifying-reactor 310 under 
the sub-critical water condition at a temperature of 280 to 
310° C. and a pressure of 230 to 250 atm to cause the oxygen 
to be reacted with the nano carbon, amorphous carbon and 
alpha carbon present in the CNT liquid mixture, thereby 
purifying the CNT firstly. Then, the nitric acid of 2.2M is 
injected into the second purifying-reactor 330 using the acid 
solution high-pressure infusion pump 50 at a flow rate of 13 
g/min and then reacted with the first purified CNT liquid 
mixture purified by the first purifying-reactor 310 to remove 
the inorganic matters such as metal present within the carbon 
nanotube, thereby purifying the CNT secondly. The purified 
CNT is confirmed using a Scanning Electron Microscope 
SEM and a Transmission Electron Microscope TEM. 

Comparative Example 1 

0071. The purified product is obtained by processing the 
CNT with only a first purifying step which is same to the first 
purifying step of the embodiment 1. The purified CNT is 
confirmed using a Scanning Electron Microscope SEM and a 
Transmission Electron Microscope TEM. 

Embodiment 2 

0072 After undergoing a first purifying step that is same to 
that of the embodiment 1 except that the temperature of the 
first purifying-reactor is 340 to 360° C., the nitro methane of 
2.2M is injected into the second purifying-reactor 330 using 
the acid solution high-pressure infusion pump 50 at a flow 
rate of 13 g/min and oxidized in accordance with the reaction 
equation 1 below to cause the CNT solution to be purified 
firstly by the nitric acid occurring instantly, and then the CNT 
Solution is purified secondly by removing the inorganic mat 
ters such as metal present within the carbon nanotube. 

NOCH+2O.---->HNO+CO2+H2O Reaction Equation 1 

0073 * Test Method 
0074) 1. Scanning Electron Microscope SEM 
0075. It is a S4800 model from Hitachi. We have dispersed 
the CNT onto water, dropped them on glass plate, and dried 
them completely, plated them with platinum, and then mea 
Sured it with SEM. 
0076 FIGS. 4a and 4b are Scanning Electron Microscope 
pictures of the carbon nanotube which are not purified 
according to a comparative example 1, in which FIG. 4a is a 
hundred thousand-times magnified picture and FIG. 4b is a 
fifty thousand-times magnified picture. 
0077 FIGS. 5a and 5b are Scanning Electron Microscope 
SEM pictures of the first purified carbon nanotube according 
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to the embodiment 2, in which FIG.5a is a hundred thousand 
times magnified picture and FIG. 5b is a fifty thousand-times 
magnified picture. 
0078 FIGS. 6a and 6b are Scanning Electron Microscope 
SEM pictures of the carbon nanotubes which are firstly and 
secondly purified according to the embodiment 1, in which 
FIG. 6a is a hundred thousand-times magnified picture and 
FIG. 6b is a fifty thousand-times magnified picture. 
0079. As shown from the result of FIGS. 4a, 4b to 6a, 6b, 

it will be appreciated that the amorphous carbon component 
is more purified in FIGS.5a and 5b and the amorphous carbon 
and the inorganic component are more purified in FIGS. 6a 
and 6b, as compared with FIGS. 4a and 4b. 
0080 2. Transmission Electron Microscope: TEM 
I0081. It is a JEM-2100F(HR) model from JEOL. We have 
dispersed the CNT onto water, dropped them onto a grid of 
holic type, dried them completely, and measured them with 
TEM. 

0082 FIGS. 7a and 7b are Transmission Electron Micro 
scope pictures of the carbon nanotube which is not purified 
according to Comparative example 1, in which FIG. 7a is a 
hundred thousand times-magnified picture and FIG. 7b is a 
fifty thousand times-magnified picture. 
0083 FIGS. 8a and 8b are Transmission Electron Micro 
scope pictures of the carbon nanotube which is firstly purified 
according to Embodiment 2, in which FIG. 8a is a hundred 
thousand times-magnified picture view and FIG. 8b is a fifty 
thousand times-magnified picture view. 
0084 FIGS. 9a and 9b are Transmission Electron Micro 
scope pictures of the carbon nanotube which is firstly and 
secondly purified according to Embodiment 1, in which FIG. 
9a is a hundred thousand times-magnified picture and FIG.9b 
is a fifty thousand times-magnified picture. 
0085. As shown from the result of FIGS. 7a, 7b to 9a, 9b, 

it will be appreciated that the amorphous carbon component 
is more purified in FIGS. 8a and 8b and the amorphous carbon 
and the inorganic component are more purified in FIGS. 9a 
and 9b, as compared with FIGS. 7a and 7b. 
I0086. As described above, the continuous method of puri 
fying carbon nanotubes according to the present invention has 
an advantage in that the production process can be shortened 
since it uses the oxidizer which is not harmful under the 
Sub-critical water or Supercritical water condition and easy to 
handle and treat and the carbon nanotube is purified through 
the continuous apparatus. 
I0087 Further, the impurities can be eliminated by inject 
ing the oxidizer via continuous Sub-critical water or Super 
critical water process in order to eliminate carbon impurities 
Such as nano carbon, amorphous carbon and alpha carbon 
contained within the carbon nanotube solution, and the acid 
Solution is injected into the Sub-critical water or Supercritical 
water to cause the acid to be easily introduced to the inorganic 
matters, thereby improving the purification rate. 
I0088. Further, the carbon nanotube purified according to 
the present invention can be obtained in a liquid state or a 
Solid state via the continuous apparatus. 
I0089. While the present invention has been described with 
respect to the specific embodiments, it will be apparent to 
those skilled in the art that various changes and modifications 
may be made without departing from the spirit and scope of 
the invention as defined in the following claims. 
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1. (canceled) 
2. (canceled) 
3. The carbon nanotube of claim 20, wherein the tempera 

ture at the sub-critical water or supercritical water condition is 
100 to 600° C. 

4. The carbon nanotube of claim 20, wherein the carbon 
nanotube liquid mixture containing the oxidizer is prepared 
by which an oxidizer is injected to make it contact with a 
carbon nanotube solution while the carbon nanotube solution 
is injected into a pre-heater located at a front end of the first 
purifying reactor, and is injected into the pre-heater and pre 
heated at a temperature of 200 to 370° C. 

5. The carbon nanotube of claim 4, wherein the carbon 
nanotube is selected from a group consisted of a single 
walled, a double walled, a thin multi-walled, a multi-walled, 
roped and a combination of them. 

6. The carbon nanotube of claim 4, wherein the solvent 
contained in the carbon nanotube solution is selected from a 
group consisted of water, aliphatic alcohol of C-Co. carbon 
dioxide and a combination of them, and the water is neces 
sarily contained. 

7. The carbon nanotube of claim 6, wherein the carbon 
nanotube is contained at 0.0001 to 10 parts by weight per 100 
parts of the solvent. 

8. The carbon nanotube of claim 4, wherein the carbon 
nanotube solution further contains a nitro compounds of a 
chemical equation 1. 

R—(NO. Chemical equation 1 - 

where R is an alkyl group of C-C, or an aryl group of 
Co-Co, and Xandy are integers of 1 to 3 independently. 

9. The carbon nanotube of claim 8, wherein the nitro com 
pound is contained at 0.00001 to 3 mol/L. 

10. The carbon nanotube of claim 4, wherein the oxidizer is 
selected from a group consisted of oxygen, air, oZone, hydro 
gen peroxide, nitric acid, nitro compound, nitric acid oxi 
dizer, and a combination of them. 
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11. The carbon nanotube of claim 4, wherein the oxidizer is 
contained at 0.001 to 10 equivalent weight in proportion to a 
carbon equivalent weight of the carbon nanotube within the 
carbon nanotube liquid mixture. 

12. The carbon nanotube of claim 20, wherein the acid 
Solution is an aqueous Solution containing any one acid 
selected from a group consisted of nitric acid, phosphoric 
acid, Sulfuric acid, hydrochloric acid, fluoric acid, and a com 
bination of them. 

13. The carbon nanotube of claim 20, further comprising: 
cooling the first or the second purified product at a tem 

perature of 0 to 100° C.: 
de-pressurizing the product at a pressure of 1 to 10 atm 

after cooling; and 
recovering the de-pressurized product. 
14. The carbon nanotube of claim 20, further comprising: 
cooling the first or the second purified product at a tem 

perature of 0 to 100° C.: 
filtering the product after cooling; 
recovering the filtered product; and 
de-pressurizing the product at a pressure of 1 to 10 atm 

after recovering it. 
15.-19. (canceled) 
20. A carbon nanotube purified with the continuous method 

comprising a first purifying step for injecting a carbon nano 
tube liquid mixture containing an oxidizer into a purifying 
reactor under a sub-critical water or Supercritical water con 
dition at a pressure of 50 to 400 atm and a temperature of 100 
to 600° C. to obtain a first purified product, and conducting 
the first purifying step followed by a second purifying step for 
allowing the first purified product to be reacted with an acid 
Solution to remove inorganic matters so as to obtain a second 
purified product. 


