DESCRI PTI ON CARBON NANOTUBE OR CARBON NANOFI BER PRODUCTI ON APPARATUS
AND RECOVERY APPARATUS 5 Technical Field [0001] The present

i nvention relates to a production apparatus for carbon mcrofibers,
particul arly nanotubes each with a diameter of 0.4 nanoneters to
several tens of nanoneters, and 10 in particular, to recovery of the
synt hesi zed carbon mcrofibers. Background Art [0002] A production
met hod for carbon nanot ubes each §%é€ % di aneter of 0.4
nanometers to several tens of naR EEEI known, this nmethod being
based on a vapor phase growmh nethod. |In the present specification
and the |ike, exanples of carbon nanofibers include fishbone
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t ubul ar, graphitic layer that 1's not para

fiber axis, ribbon-like graphiddsdy beIpndd@ais are not hol l ow, and
graphitic whiskers. [0003] %g¥%%n nanot ubes 5% carbon nanofi bers

produced by the vapor phase growth nmethod need to be recovered by
being 25 separated from gas. Japanese Patent Lai d-OQpen No.

2006- 16999¢2hnical Field

[0001] The present invention relates to aproduction 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 1is not parallel to a fiber axis,
ribbon-like graphitic fibers that are not hollow, and graphitic
whiskers.
[0003] cCarbon 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 technigue to catch carbon nanotubes or nanofibers

carried by a carrier gas, on a filter such as a net or a plate



di scl oses a technique to catch carbon nanotubes or nanofi bers
carried by a carrier gas, on a filter such as a net or a plate -I

w tth holes. Wen the carrier gas passes through the net or the |Iike,
t he carbon nanot ubes or nanofi bers are caught on the net or the
like. 5 Summary of the Invention [0004] Wien an obstacle such as a
filter is provided in the carrier gas flowto catch the carbon
nanotubes,oL.ﬂgﬁofibers n increase in the anmpunt o
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in Wh'C%rIQ%eC LQ%D nanot ubes or nanofi bers are synthesized, or

di sturb t'he gas f1Ow 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

nanot gbesg, qk nanefd Refs 1 Qferitheanount of carbon nanotubes or
nanof | bers caggﬁt on the filter. [0006] In the present invention, a

filter Col'bb@kg'!_e%f]& Caf thsta1cALReR BaNgt HDeE. 0 1 DANRSEDEES 11§ the

provided in a discharge pipe which is connected to a reactor

confi gur ed tyQ eSyBtRES1 88 tH@&atch 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



car bon nanot ubes or nanofi bers and through which carrier gas
contai ning the synthesized carbon nanotubes or nanofibers is

di scharged fromthe reactor. Suction neans are provided in a 25
portion of the discharge pipe |ocated downstreamof the filter to
suck the discharged gas in the discharge pipe. [0007] Mreover, a
pressure sensor configured to detect the -2 pressure in the
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to the present enbodinment. Description of Synbols
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 cCarbon 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] 2n 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



[0011] 10 Carbon nanotube production apparatus, 12 Reactor 20 unit,
14 Reactor pipe, 16 Heater, 24 Discharge pipe, 26 Filter, 28 Bl ower
(suction nmeans), 30 Pressure sensor, 32 Control section Description
of Enbodi ments 25 [0012] An enbodi nent of the present enbodi nent will
be described belowwith reference to the drawings. Figure 1 is a

di agram schematically showi ng the configuration of a carbon -3
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the top and through which a material supplied by the material supply
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fed froma carrier gas supply apparatus 22 to the top of the reactor
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contains a carbon source, a catalyst, and an auxiliary agent
t her ef or .telfieerataiesi athandeaatoicepigasiboifictedes i andthert #hcswrply
Pipe 14 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 methed.

[0013] The generated carbon nanotubes are carried to a recovery
20 apparatus 23 by carrier gas, unreacted material wvapor, 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



15 descend through the reactor pipe 14 while being heated by the

pi pe wall of the reactor pipe 14. During the descent, carbon

nanot ubes are grown and synt hesized. This nethod is called a vapor
phase growt h nmethod. [00131 The generated carbon nanot ubes are
carried to a recovery 20 apparatus 23 by carrier gas, unreacted
mat eri al vapor, and reacted naterial vapor. The recovery appar at us
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performed wuntil the filter catches a | arge nunber of carbon
nanot ubegsonfiguration 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.

[0014] 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

26 pressure loss in the filter 26 by the blower.

[0015] Since the pressure in the portion of the discharge pipe

located upstream of the filter 26 is maintained constant, the



10 conpared to the configuration in which the suction based on the
bl ower 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 |ocated upstreamof the filter 26. A
control 15 section 32 configured to control the operational condition
of the blower 28 perforns the control based on the pressure in the
di scharge pi pe detected, by the pressure . sensor. Preferabl t he
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apparatus can be applied to production apparatuses configured

to synthesize carbon nanotubes or other carbon nanofibers by

10 other gas phase flow reaction methods.



5 100161 In the present enbodi ment, the carbon nanotube production
apparatus based on the vapor phase growth nmethod has been descri bed.
However, the above-described recovery apparatus can be applied to
producti on apparatuses configured to synthesize carbon nanotubes or
ot her carbon nanofibers by 10 other gas phase flow reaction nethods.
-6 CLAAIMS 1. A carbon nanotube or carbon nanofiber production
apparatus conprising: 5 a reactor téﬁ%ﬁﬁ$h a material and carrier gas
are supplied and which allows the fal to react to synthesize a
carbon nanotube or a carbon nanofiber; a discharge pipe through
which the carrier gas and a product resulting fromthe reaction of

the material and 10 coatal nidg, e g DD, BaROLUNG ALt yon

nanof i ber are “di scharge romthe reactor; a filter provi Int

di schar gg pi.pe+1,Q gﬁ&%qigq%gqarbon nanot ube or carbon nanofiber; and
suction ng ns provided in a“portion of the discharge pipe 15 |ocated

downsgream of phe fdddLiotihSuck hiie £84T 28k Sasr A8H ga?s*"&réiskﬁaéjlriéche
di scharge pipe. 2. The carbon nanot ube or carbon nanofi ber production
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 nanctube or carbon nanofiber are
discharged from the reactor:
a filterprovided 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 nancfiber

synthesized by a reactor, the carbon nanotube or nanocfiber



apparatus according to claim1, further conprising: a pressure sensor
provided in a portion of the discharge 20 pipe |ocated between the
reactor and the filter to detect the pressure in this portion of the
di scharge pipe; and a control section configured to control the
suction neans so that the pressure sensed by the pressure sensor is
set to a preset value. 25 3. A carbon nanotube or nanofi ber recovery
apparatus _configured to recaover .a carbon nanot ube or a carbon

nanoflbefecgyﬁf eSFred ySaCngngﬁ %he carbon nanotube or nanofi ber
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pi pe |ocated downstreamof the filter to suck the discharge gas in
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recovery apparatus according to claim3, further conprising: a

pressure sgensor provided in a portion of the discharge

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 wvalue.

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



pi pe | ocated upstreamof the filter to detect the pressure in this
portion of the discharge pipe; and 15 a control section configured to
control the suction neans so that the pressure sensed by the
pressure sensor is set to a preset value. 5. A carbon nanotube or
carbon nanofi ber production apparatus conprising: 20 a reactor to
which a material and carrier gas are supplied and which allows the
material to re ct to é,}/nthe5|ze carbon ., nanotube or a carbon

nanof i betnanﬁ’tdﬁ EcPdr §&HPe 1R NhiK t he carrier gas and a
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the reactor constant. -9



