DESCRI PTI ON CARBON NANOTUBE OR CARBON NANCFI 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 dianeter of 0.4 nanoneters to
several tens of nanoneters, and 10 in particular, to recovery of the
synt hesi zed carbon m crofibers. Background Art [0002] A production
met hod for carbon nanotubes each with a 15 dianeter of 0.4 nanoneters
to several tens of nanoneters is E 8%2 i&&s nmet hod bei ng based on a
vapor phase growth nethod. In t hB g %% pecification and the |iKke,
exanpl es of carbon nanofi bers include fishbone graphitic-structure
nanot ubes each of which is hollow, that is, tubular, but includes a

20 graphi ¢AgpbiieindTiat bR cRtsdphallcdiskR BrbbBErIGXizpRARAIRENAkDKE
graphitic fibers that are not hollow, and graphitic whiskers. [0003]

Car bon nanot ubes or carbon naxrdovEmys npredaged by the vapor phase
growt h method need to be recovered by being
5
Technical Field
[0001] The present invention relates toaproduction 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 nanctubes 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 nanctubes 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



25 separated from gas. Japanese Patent Laid-Qpen No. 2006-169002

di scl oses a technique to catch carbon nanotubes or nanofibers carried
by a carrier gas, on a filter such as a net or a plate wth holes.
When the carrier gas passes through the net or the like, the carbon
nanot ubes or nanofi bers are caught on the net or the like. 5 Summary
of the Invention [0004] Wen an obstacle such as a filter is
provided in the carrier gas flow to catch the carbon nanotubes or

nanOfibersiFﬁgwgggreaﬁﬁghcI&pga?g?gPE§¥£%%€g$%QP%%Q%BWQ%?n%%cm:FPgW

nanof i ber § $Es annelr T esi arrier gas

and 10 t hygiLhe pressure Qn e dinstr B Siie Of thenfdt 8h-tideet

el evated presSure may increase the pressure in a reactor in which the
carbon naget uhesi9kenanofi bers are synthesized, or disturb the gas
flowin 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
t he anbuntupfacir bbnthanbrydrdsiasy nanofi bers caught on the filter.
[0006] In the present invention, a filter configured to catch 20
carbon nanb@®tk Bhenamwftistiaslies spebvedietl fid terdischapyrded gar Wiiech
is connected to a reactor, confiqured to synthesize the carbag

nanot ubes “BF *n&ho?3H Y3k ?%9%[15?}%?36}1’13/’2: a .’raﬁo_glu%ﬁﬁsof &}ﬁrﬁ]ﬁ‘ibﬁ& Sthe
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reactor. Sucfion neans are provided in a portiron of the discharge
pi pe | ocatigd dawast @ BHnrd1e rbkliteant® ©&hd bR rdisehgsgeeh Gasndan

t he di scharge pi pe.

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] 2An object of the present invention is to suppress the
adverse effect, on the production process for the carbon
nanotubes or nancofibers, 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



[ 0007] Moreover, a pressure sensor configured to detect the pressure
In the discharge pipe may be provided in a portion of the discharge
pi pe |l ocated upstreamof the filter. Control neans may be provi ded
for controlling the suction neans so that the detected pressure is
equal to a preset value. 5[0008] Furthernore, 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 adugrse fhechsaolahe ATRAL ol 636000 9APLUNER: On ar

nanof i ber s caug V|ronnent I n
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the Draw ngs Is a schematic diagram of the

confi gur afrde@ﬂsQﬁagﬂ@ef’:lettﬁem f8A @oe opladyct i Buappan aldish sase atditng
to the present enbodi nent. Description of Synmbols [0011] 10Carbon
nanot ube pheddeteohedppeestwss iPRemetloto2@ 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 nancofibers caught on the

10 filter, on the environment in which the carbon nanotubes or

nanofibexrs are synthesized.

Brief Description of the Drawings
[0010] Fig. 1 is a schematic diagram of the configuration of
15 a carbon nancotube 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



uni t, 14React or pi pe, 16Heater, 24 Filter, 28BlI ower (sucti on neans), 30
Control section Discharge pipe, Pressure sensor, 26 32 Description
of Enbodi nents 25 [0012] An enbodi nent of the present enbodi nment
will: '

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 1s 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, andan 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.

[0013] 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



be described belowwith reference to the drawings. Figure 1 is a

di agram schematically showi ng the configuration of a carbon nanotube
production apparatus 10. A reactor unit 12 includes a reactor pipe 14
i nst.al l ed 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 ceramcs 5 and shaped |ike a pipe,
preferably a circular pipe. The reactor pipe 14 is heated by the
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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 dn 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.

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

located upsiream of the filter 26 is maintained constant, the



bottom of the reactor pipe 14 and a bl ower 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 m nimzed channel resistance. The blower 28 is
installed in a portion of the discharge pipe 24 |ocated further
downstream of the filter 26. The bl ower 28 sucks the discharge gas

froma portiagn. t i, d_pi.pe 24 1| qc I
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cancel lation of a 25 pressure loss in the filter 26 by the bl ower.




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

| ocated upstreamof the filter 26 is maintained constant, the
reaction conditions such as the air current and pressure in the
reactor pipe 14 are stabilized, thus inproving reaction efficiency.
This al so prevents carbon nanotubes from being attached to the inner
wal | of the reactor pipe 14. 5 [ 0016 ] In the present enbodi nent,

t he carbon nanotube production appargiaigidpased on t he vapor phase
growt h met hod has been descri bed. However, the above-descri bed
recovery apparatus can be applied to production apparatuses
configured to synthesize carbon nanotubes or other carbon nanofibers
by 10 ot her gaslphasechbkbonr eacbitabenetrhagsrborClidiMiber produc#ion
carbon nanot ube or carbon nanofi ber production apparatus conpri sing:
5a react oapparabtushcampaieingt and carrier gas are supplied and which
allows the material to react to synthesize a carbon nanotube or a
car bord nanof i bex Hepciogaso phdsd & Meawerdadt #oR orsttied:; gas dirschapgblied
pi pe through which the carrier gas and a 10 product resulting from

t he react#b@ Wil¢he kv itdle Badctoal abni TR T sYBEReraAF6t abeappon

carbon nanofi ber are discharged fromthe reactor; afilter,
provi ded MANPHEPH| SEhAr GRIBPPeNBOEHPRR PHe? caRrBoRtABf ot LiDe BFaehFPoNn
nanof i ber;

method;

a discharge pipe through which the carrier gas and a

10 product resulting from the reaction of the material and
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;

15 suction means provided in a portion of the discharge pipe
located downstream of the filter to suck the carrier gas and
the like in the discharge pipe;

a pressure sensor provided in a portion of the discharge
pipe located between the reactor and the filter to detect the

20 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.

2. The carbon nanotube or carbon nanofiber production

25 apparatus according to claim 1, wherein the suction means is
a-blower.

3. A carbon nanotube or nancofiber recovery apparatus

-7-



15suction nmeans provided in a portion of the discharge pipe |ocated
downstream of the filter to suck the carrier gas and the like in the

di scharge pi pe; a pressure sensor provided in a portion of the
di scharge pi pe | ocated between the reactor and the filter to detect
the 20 pressure in this portion of the discharge pipe; and a

control section configured to control the suction neans so that the

pressure seRseguby¥dihe RS 8 §8PBOA n&nsSElibd © @ aPELSBEN VIBAMSEiber
2. The carbon hanot ube or carbon nanofi ber production 25 apparatus

accor di ngs{yRtEeai sad, inhereartbteb§us tdon prreans filswarbhoweson method,
3. A carbon nanotube or nanofiber recovery apparatus configured to
recover atleardaahonanotatbe® b ranayayfhidre maaobirbey apprirkdsiszecnpni sing:
reactor by a gas phase flow reaction nethod, the carbon nanotube or
nanof i ber recoverfyilapparatsidesghpm si dgschaftiget pippr ovndedtéd wo the
di scharge pi pe connected to the 5 reactor and through which di scharge
gas cdnt aredaget mnd ahlyonabanbt.gbed b cloar porvarmonitedining ghechariged
fromthe reactor, the filter catching the carbon nanotube or carbon
nanof i berganotube &gd Wromwans filev deddiigchapggedi §R0Bf Lhpereactor,

di scharge pipe | ocated downstreamof the filter to suck the di scharge
gas in 10t$%ef%ﬁ?ﬁ%ﬁﬁ%ﬁ?ﬁﬁﬂﬁxthe carbon nanotube or carbon nanofiber;

suction means provided in a portion of the discharge pipe

located downstream of the filter to suck the discharge gas in
10 the discharge pipe;

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

a control section configured to control the suction means

15 so that the pressure sensed by the pressure sensor is set to
a preset value.

4, The carbon nanotube or carbon nanofiber recovery
apparatus according to claim 3, wherein the suction means is
a blower.

20 5. A carbon nanotube or carbon nancfiber production
apparatus comprising:

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 by a gas phase flow reaction

25 method;
a discharge pipe through which the carrier gas and a

product resulting from the reaction of the material and
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a pressure sensor provided in a portion of the discharge pipe |ocated
upstreamof the filter to detect the pressure in this portion of the

di scharge pi pe; and a control section configured to contro
the suction nmeans 15 so that the pressure sensed by the pressure
sensor is set to a preset val ue. 4. The carbon nanot ube or

carbon nanofi ber recovery apparatus according to claim3, wherein the
suction neafsaisidgblver ca2@en AngabbaBenanot Whern canbefipanof aber
producti on apparatus conpri sing: a reactor to which a nmateri al
and carri@tsgasrgee suppl tled asdcwbreh allows the material to react
to synthesize a carbon nanotube or a carbon nanofi ber by a gas phase
flow reaction 25fietkadirovided in thiesd¢haclyerge pepehroaghchtilehca hison
carrier gas and a product resulting fromthe reaction of the materi al
and contaandngb¢ her car bonn nadad fibecor @adbon nanofi ber are

di scharged fromthe reactor; a filter provided in the

di schdr ge pi pe 3wkt RcaRe EaF e Asdrictud e 1S LD OASAaHbLNBeF L 1 49y
5suction neans for canceling a pressure loss in the filter to

mai ntai n B presREREN| & PRRSFeBRtbP Elmsremgtor constant.



