
DESCRIPTION  CARBON NANOTUBE OR CARBON NANOFIBER PRODUCTION APPARATUS
AND RECOVERY APPARATUS  5 Technical Field [0001] The present
invention relates to a production apparatus  for carbon microfibers,
particularly nanotubes each with a  diameter of 0.4 nanometers to
several tens of nanometers, and 10 in particular, to recovery of the
synthesized carbon  microfibers. Background Art [0002] A production
method for carbon nanotubes each with a  15 diameter of 0.4
nanometers to several tens of nanometers is  known, this method being
based on a vapor phase growth method.  In the present specification
and the like, examples of carbon  nanofibers include fishbone
graphitic-structure nanotubes  each of which is hollow, that is,
tubular, but includes a 20 graphitic layer that is not parallel to a
fiber axis,  ribbon-like graphitic fibers that are not hollow, and
graphitic  whiskers. [0003] Carbon nanotubes or carbon nanofibers
produced by the  vapor phase growth method need to be recovered by
being  25 separated from gas. Japanese Patent Laid-Open No.
2006-169002 



discloses a technique to catch carbon nanotubes or nanofibers
carried by a carrier gas, on a filter such as a net or a plate  -I
with holes. When the carrier gas passes through the net or the  like,
the carbon nanotubes or nanofibers are caught on the net  or the
like. 5 Summary of the Invention [0004] When an obstacle such as a
filter is provided in the  carrier gas flow to catch the carbon
nanotubes or nanofibers,  an increase in the amount of carbon
nanotubes or nanofibers  increases the channel resistance to the
carrier gas flow and 10 thus the pressure on the upstream side of the
filter. The  elevated pressure may increase the pressure in a reactor
in  which the carbon nanotubes or nanofibers are synthesized, or
disturb the gas flow in the reactor. This may affect the  production
process. 15 [0005] An object of the present invention is to suppress
the  adverse effect, on the production process for the carbon
nanotubes or nanofibers, of the amount of carbon nanotubes or
nanofibers caught on the filter. [0006] In the present invention, a
filter configured to catch  20 carbon nanotubes or nanofibers is
provided in a discharge pipe  which is connected to a reactor
configured to synthesize the  



carbon nanotubes or nanofibers and through which carrier gas
containing the synthesized carbon nanotubes or nanofibers is
discharged from the reactor. Suction means are provided in a 25
portion of the discharge pipe located downstream of the filter  to
suck the discharged gas in the discharge pipe. [0007] Moreover, a
pressure sensor configured to detect the  -2 pressure in the
discharge pipe may be provided in a portion of  the discharge pipe
located upstream of the filter. Control  means may be provided for
controlling the suction means so that  the detected pressure is equal
to a preset value. 5 [0008] Furthermore, a blower may carry out
suction to cancel  a pressure loss in the filter to maintain the
pressure in the  reactor constant. [0009] The present invention can
reduce the adverse effects  of the amount of carbon nanotubes or
nanofibers caught on the  10 filter, on the environment in which the
carbon nanotubes or  nanofibers are synthesized. Brief Description of
the Drawings [0010] Fig. 1 is a schematic diagram of the
configuration of  15 a carbon nanotube production apparatus according
to the present  embodiment. Description of Symbols 



[0011] 10 Carbon nanotube production apparatus, 12 Reactor  20 unit,
14 Reactor pipe, 16 Heater, 24 Discharge pipe, 26  Filter, 28 Blower
(suction means), 30 Pressure sensor, 32  Control section Description
of Embodiments 25 [0012] An embodiment of the present embodiment will
be  described below with reference to the drawings. Figure 1 is  a
diagram schematically showing the configuration of a carbon  -3
nanotube production apparatus 10. A reactor unit 12 includes  a
reactor pipe 14 installed upright and to which a material is
supplied, and a heater 16 located so as to surround the periphery  of
the reactor pipe 14. The reactor pipe 14 is made of ceramics 5 and
shaped like a pipe, preferably a circular pipe. The reactor  pipe 14
is heated by the heater 16 and maintained at a preset  temperature.
The reactor pipe 14 includes a material supply  nozzle 18 located at
the top and through which a material  supplied by the material supply
apparatus 20 is injected into 10 the reactor pipe 14. Carrier gas is
fed from a carrier gas  supply apparatus 22 to the top of the reactor
pipe 14 so as to  surround the injected material. The material gas
contains a  carbon source, a catalyst, and an auxiliary agent
therefor. The  material and carrier gas both fed into the reactor
pipe 14 



15 descend through the reactor pipe 14 while being heated by the
pipe wall of the reactor pipe 14. During the descent, carbon
nanotubes are grown and synthesized. This method is called a  vapor
phase growth method. [00131 The generated carbon nanotubes are
carried to a recovery  20 apparatus 23 by carrier gas, unreacted
material vapor, and  reacted material vapor. The recovery apparatus
23 includes a  filter 26 installed in the discharge pipe 24 connected
to the  bottom of the reactor pipe 14 and a blower 28 serving as
suction  means for sucking discharge gas in the discharged pipe. The
25 filter 26 catches the carbon nanotubes present in the discharged
gas. The filter 26 is preferably bent so as to have an increased
surface area while offering minimized channel resistance. The  -4
blower 28 is installed in a portion of the discharge pipe 24  located
further downstream of the filter 26. The blower 28  sucks the
discharge gas from a portion of the discharged pipe  24 located
upstream of the position where the blower is 5 installed. The blower
28 allows the discharged gas passing  through the filter to flow at a
proper rate even if the filter  26 offers high channel resistance.
Furthermore, this  configuration enables operation to be continuously
performed  until the filter catches a large number of carbon
nanotubes, 



10 compared to the configuration in which the suction based on the
blower is not used. [00141 A pressure sensor 30 configured to detect
the pressure  in the discharge pipe 24 may be provided in a portion
of the  discharge pipe 24 located upstream of the filter 26. A
control 15 section 32 configured to control the operational condition
of  the blower 28 performs the control based on the pressure in the
discharge pipe detected by the pressure sensor. Preferably,  the
rotation speed of the blower 28 is controlled such that the  detected
pressure has a preset constant value. The value can 20 be determined
based on reaction conditions in the reactor pipe  14. To allow the
rotation speed to be controlled, power can  be supplied to the blower
via an inverter. Controlling the  pressure at the position of the
pressure sensor 30 to the  constant value may be considered to be the
cancellation of a  25 pressure loss in the filter 26 by the blower.
[00151 Since the pressure in the portion of the discharge pipe
located upstream of the filter 26 is maintained constant, the  -5
reaction conditions such as the air current and pressure in the
reactor pipe 14 are stabilized, thus improving reaction  efficiency.
This also prevents carbon nanotubes from being  attached to the inner
wall of the reactor pipe 14. 



5 100161 In the present embodiment, the carbon nanotube  production
apparatus based on the vapor phase growth method has  been described.
However, the above-described recovery  apparatus can be applied to
production apparatuses configured  to synthesize carbon nanotubes or
other carbon nanofibers by  10 other gas phase flow reaction methods.
-6 CLAIMS  1. A carbon nanotube or carbon nanofiber production
apparatus comprising: 5 a reactor to which a material and carrier gas
are supplied  and which allows the material to react to synthesize a
carbon  nanotube or a carbon nanofiber; a discharge pipe through
which the carrier gas and a  product resulting from the reaction of
the material and  10 containing the carbon nanotube or carbon
nanofiber are  discharged from the reactor; a filter provided in the
discharge pipe to catch the carbon  nanotube or carbon nanofiber; and
suction means provided in a portion of the discharge pipe  15 located
downstream of the filter to suck the carrier gas and  the like in the
discharge pipe. 2. The carbon nanotube or carbon nanofiber production



apparatus according to claim 1, further comprising: a pressure sensor
provided in a portion of the discharge  20 pipe located between the
reactor and the filter to detect the  pressure in this portion of the
discharge pipe; and a control section configured to control the
suction means  so that the pressure sensed by the pressure sensor is
set to  a preset value. 25 3. A carbon nanotube or nanofiber recovery
apparatus  configured to recover a carbon nanotube or a carbon
nanofiber  synthesized by a reactor, the carbon nanotube or nanofiber
-7 recovery apparatus comprising: a filter provided in a discharge
pipe connected to the  reactor and through which discharge gas
containing the carbon  nanotube or carbon nanofiber is discharged
from the reactor, 5 the filter catching the carbon nanotube or carbon
nanofiber;  and suction means provided in a portion of the discharge
pipe  located downstream of the filter to suck the discharge gas in
the discharge pipe. 10 4. The carbon nanotube or carbon nanofiber
recovery  apparatus according to claim 3, further comprising: a
pressure sensor provided in a portion of the discharge  



pipe located upstream of the filter to detect the pressure in  this
portion of the discharge pipe; and 15 a control section configured to
control the suction means  so that the pressure sensed by the
pressure sensor is set to  a preset value. 5. A carbon nanotube or
carbon nanofiber production  apparatus comprising: 20 a reactor to
which a material and carrier gas are supplied  and which allows the
material to react to synthesize a carbon  nanotube or a carbon
nanofiber; a discharge pipe through which the carrier gas and a
product resulting from the reaction of the material and  25
containing the carbon nanotube or carbon nanofiber are  discharged
from the reactor; a filter provided in the discharge pipe to catch
the carbon  -8 nanotube or carbon nanofiber; and suction means for
canceling a pressure loss in the filter  to maintain a pressure in
the reactor constant. -9 


