APPARATUS FOR CARBON NANOTUBE SYNTHESIS Technical Field [0001] 5
The present invention relates to a structure of a device for carbon
nanot ubes synthesis. Background Art [0002] 10 As a nethod for

synt hesi zi ng carbon nanot ubes, a vapor- phase flow nethod is known.

In this nethod, a i C ini S cat al yst
and the like is ﬁ%ﬁ%’@%ﬁ@%@%%%&%@%ﬁ%r pi pe, and
carbon nanotubes are nade to growin a state floating in the reactor
15 pi pe. The carbon nanotube has attracted attention recently as a

new mat eri al_.havi ng possibilities, and industrial wuses thereof
have begkégaﬁﬁﬁﬁiﬁaéiavindustrial use, increase of a production
anount i@d{(ﬁ]demand. [ 0003] 20 Patent Docunent 1 discloses a
techni qu increasing a yield by enlarging a dianeter of a |ab

! evelS react O&%%Iegﬁel%lqe%ttﬁ w}e%%ri%%sirnquthes ncltjo”baerstﬁn;fuc L}reer ioaf a deviclen

i njeCtion noz at case, in‘order to ellninate unevenness

t enperatyre céﬁ%ﬁ%ﬁﬁ&&ﬁ%t%mﬂw&gm internal heating source is

25 arranged T1nsi e feactor” pipe. " Patent Docunent 1: Japanese
Pat ent Lai d-Open Publication No. 2005-41752 - 1 Sunmary of the
I nvention [0004]

Background Art
[0002]

10 As a method for synthesizing carbon nanotubes, a wvapor-
phase flow methed is known. In this method, a material
containing a carbon source, a catalyst and the like is
supplied into a heated cylindrical reactor pipe, and carbon
nanotubes are made to grow in a state floating in the reactor

15 pipe. The carbon nanotube has attracted attention recentliy
as a new material having new possibilities, and industrial
uses thereof have been examined. For industrial use,
increase of a production amount is in demand.

[0003]

20 Patent Document 1 discloses a technique for increasing a
yield by enlarging a diameter of a lab level reactor pipe and
by increasing the number of material injection nozzles. In
that case, in order to eliminate unevenness in temperature
inside the reactor pipe, an internal heating source is

25 arranged inside the reactor pipe.

Patent Document 1: Japanese Patent Laid-Open Publication

No. 2005-41752



In‘the production of carbon nanotubes, in addition to the production
anount, there is a demand for inproved yield, 5 that is, an increase
of a ratio of the carbon nanotubes having a desired structure. If
single wall ed carbon nanotubes are to be obtained, for exanple,
depositign of nu%t%mal ed cirbon nanot ubes, anorphous carbons and
the |ike “ER3tY dbe BEppPeEeEd® it is an advantage of the present 10
i nvention % £fovide a synthesizer with higher production anount and
yi el d. [Ob éﬁ A carbon nanot ube synt hesi zer of the present invention

includes a cylindrical reactior pipe heated b heat i ng . device so
as to be a cy#l} ng}ef c@focauea %%rb(g e%%rrr}f?nan?rﬁ WY S ot e %‘gﬁﬁ%\?n Fo

i nt er nal ] e_ar ged inside th react.or. pi.pe so as.t
nave an S roRuPPEPE NP RUAREERbEE RS pnderbBar EPL PiBEoRRe Y 5 e,

plurality,of meterial bnieclign Jnozelgs kor,supplylgoya grigeial and
t he or P t Frel

a carrief gas 1hto reac pipé along a drrection para

wth thenasingof 08 £8ACERLCPLRE. THE SAULI &, OPPed SoaphBl! ed so as

to surround the périphéry o e injecte eria € nozzles are

arr anged%%goﬁu s aa?ie?%é”%ge?g%’gﬁﬁdon?og e%Qﬁgﬂ8§Zhgﬁﬁ§9g%oﬁa"‘8f

heat i ng res (the circu gating elenent’ or i nt'ér na

heat i ngeﬁgyffﬁa%ﬂeaseéhigaﬂ 595&{3%%63@%@2?&58Eargbﬁtsaaﬁ%, tﬂ.@.g 1gke

di st anc romthis nozzle to a nozz to this nozzl e
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10 invention to provide a synthesizer with higher production

amount and yield.
[0005]
A carbon nanotube synthesizer of the present invention

includes a cylindrical reactor pipe heated by a heating

15 device so as to be a cylindrical heating element, a tubular
or columnar internal heating socurce arranged inside the
reactor pipe so as to have an axis parallel with the axis of
the reactor pipe, and a plurality of material injection
nozzles for supplying a material and a carrier gas into the

20 reactor pipe along a direction parallel with the axis of the
reactor pipe. The carrier gas is supplied so as to surround
the periphery of the injected material. The nozzles are
arranged so that a distance between one of the nozzles and
two heating bodies (the circumference heating element or the

25 internal heating source) closest to this nozzle is a first
distance, and a distance from this nozzle to a nozzle closest
to this nozzle is a second distance, which is twice or more

of the first distance.



According to the present invention, a yield of the carbon nanotube
synt hesi zer can be inproved. 5 Brief Description of the Draw ngs
[0007] FIG 1 is adiagramillustrating an outline configuration of
a carbon nanotube producing device of this enbodinent; 10 FIG 2 is

a diagramhhhbgftrating an arrangenent exanple of the nozzles and an
i nt er nal ating source; FIG 3 is a diagramillustrating an

arr angenent anple of t nozzl es .and the internal, heatipg sources;
FIG 4 is a |Cacgrracﬁ1u}(ﬁtu%?c§1a i 2R ar T ARG e aéﬁpl?gg 9 e

_ i*hg™an” arrahgement’ ex 57t he
nozzl es andbhe, Lt ernal eahl
a X

urces, Fl IS a diagram
illustrating an arrangéne e a%%%g C%ﬁ Pﬁelﬁ%gngé'and t he internal

heating sources and FIG 6 is a diagramillustrating an arrangenent
exanple of the nozzles and the internal heating source. 20 [0008] 10

b i LEe, hesi , 20 t [
(o runt S R ER PN A e oL eS S2a “San. 04, 6db
|nternaIE@@@$Lng source, 26, 36, 46, 56a, 56b, 66a, 66b nmateri al

i njectioh nozzle. 25 Description of the Enbodinents [0009] 3 An

enbodi ment Ofpidie PreselladWent| o Wi falmgestrider noel ow
g to the attache raw ngs. 11s an
configuration of a carbon nanotube producing device of this
embodiment;
10 FIG. 2 is a diagram illustrating an arrangement example
0of the nozzles and an internal heating source;
FIG. 3 is a diagram illustrating an arrangement examplie
of the nozzles and the internal heating sources;
FIG. 4 is a diagram illustrating an arrangement example
15 of the nozzles and the internal heating sources;
FIG. 5 is a diagram illustrating an arrangement example
of the nozzles and the internal heating sources and
FIG. ¢ 1s a diagram illustrating an arrangement example
of the nozzles and the internal heating source.
20 [0008]
10 carbon nanotube producing device, 16 synthesizer, 20
reactor pipe (circumference heating element), 24, 34, 44, b54da,
54b, 64a, 64b internal heating socurce, 26, 36, 46, 56a, 56b,
6ba, 66b material injection nozzle.
25
Description of the Embodiments

[(0009]



outline configuration diagram of a carbon nanotube producing device
10. The carbon nanot ube produci ng device 10 includes 5 a materi al
suppl ying device 12 for supplying a material, a carrier gas

suppl ying device 14 for supplying a carrier gas, a synthesizer 16
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and a heating device arranged so as SUrToun e reactor pipe
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u
preferably circular tu ar or circular cy er shape, and Is

arr angeds §QrLhata-c4ral{Staxhiql §uRi2hkebsto e Cybindrical axbs of

t he reactor
not directly relate to synthesis of the carbon nanotubes but

is used for adjusting a material reaction condition inside
the synthesizer 16.
[0010]

15 The synthesizer 16 includes a substantially cylindrical
reactor pipe 20 and a heating device 22 arranged so as to
surround the reactor pipe 20. The reactor pipe 20 is
arranged so that its cylindrical axis is along the vertical
direction, that is, a direction in which gravity acts. Here,

20 the concept of "gravity" includes pseudo gravity caused by an
inertial force such as a centrifugal force in addition to the
intermoleculer force. The reactor pipe 20 is heated by the
heating device 22 so as to have a high temperature and to
become a circumference heating element heating the inside

25 wall of the pipe. In the reactor pipe 20, an internal
heating source 24 is further arranged. The internal heating
source 24 has a tubular, columnar, or preferably circular

tubular or circular cylinder shape, and is arranged so that



pipe 20. In this enbodinment, a circular cylinder shape is enployed.
The concept of "parallelisnf in this case also includes a coaxi al
arrangenent of the reactor pipe 20 and the 5 internal heating source
24. The internal heating source is arranged in single or in plural,
and the arrangenent will_be described |ater. is t he heatjng device
22 and the® i #EEF P PREALIRY SBuFRe SUl1RdFiExanpies § hEhE fgactor
el ement using.an electric resjistunce can be used. 10 [001 In the
react or Ptipe %@: dhIUHa ISRPWH I & D Frar s‘fﬁb%ﬂhji% Thare 18
r
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react or prpe. ral 18 I njecte rom e cen

di stal e e : [ carrier gas is supplied from
t he peri%.%géfigaFggé%£§ﬂég 8¥§t%§ %%gé'and a resulting ring-shaped
flOWkMﬁtroél ?ctional - 5 shape surrounding the material droplet

fl ows through'the
In the reactor pipe 20, a plurality of nozzles 26 for

supplying the material and the carrier gas are arranged. The
material has a transition metal compound to be a catalyst and
a reaction auxiliary added to a solvent containing a carbon

15 source with prior adjustment, and is supplied by the material
supplving device 12 to the nozzles 26 through a pump.
Moreover, the material 1s injected into the reactor pipe 20
as fine droplet particles from a distal end of the nozzle 26.
The carrier gas is supplied by the carrier gas supplying

20 device 14 into the reactor pipe 20 from the vicinity of the
nozzles 26 while an appropriate flow rate is controlled by a
mass flow meter. A distal end portion of the nozzle 26 is
configured to supply the material and the carrier gas
separately into the reactor pipe. The material is injected

25 from the center of the distal end of the nozzle 26, while the
carrier gas is supplied from the peripheral part of the

distal end, and a resulting ring-shaped flow with a sectional



reactor pipe. [0012] The material droplets receive heat fromthe 5
circunference heating elenent and the internal heating source while
fl owi ng down through the reactor pipe 20, and carbon nanotubes are
synt hesi zed by actions of carbon generated by thermal deconposition
of the carbon source, neta art S enerated by therm
GecompostiTen SeFREneTneFpPonher Rl 19T RBhEb RV ananFHBIALRPF ar y.
Froma botto Portlon of the reactor pipe 20, a discharged gas
contalnlﬂ%a?aé s@h?ﬁesized carbon nanotubes is discharged and fed to
t he coIIE§6%?g device 18. At the collecting device 18, the carbon
nanot ube separated fron1the di scharged gas and col |l ected. 15

[ 0013] Subsequent ary ment. of the. |nternal heatln sources 24
and the nozzﬁ@% é%¥ Wt e d@%crl edFC?IV%a% B fr?%et?ollomnng

ar v angenENL cxeIpL s, ACLANGSTERL, LA e sectyon, oc hogonal 10T s. o

i s of reac PI pe ransver e Cross
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an i nner eact or pipe a perip sur ace (0]

'”tef”a'?Qﬁé£éEstgyrEﬁeZﬁal Nerenust it BR BeZzzhes 28,258 130 3Regd so
that a drstanc

10 compound, and the auxiliary. From a bottom portion of the
reactor pipe 20, a discharged gas containing the synthesized
carbon nanotubes is discharged and fed to the collecting
device 18. At the collecting device 18, the carbon nanotubes
are separated from the discharged gas and collected.

15 [0013]

Subsequently, arrangement of the internal heating
sources 24 and the nozzles 26 will be described. In each of
the following arrangement examples, arrangement in a section
orthogonal to the axis of the reactor pipe 20 is shown. FIG.

20 2 is a transverse cross section of the synthesizer 16 in FIG.
1. An example of a single unit of the internal heating
source 24 and 6 units of the nozzles 26 is shown. The
internal heating source 24 is arranged coaxially with the
reactor pipe 20, which is a circumference heating element.

25 The nozzles 26 are arranged on a circle 28 at an equal
distance a from an inner wall of the reactor pipe 20 and a
peripheral surface of the internal heating source 24.

Moreover, the nozzles 26 are arranged so that a distance



between the adjacent nozzles is a distance b, which is approxi mately
twice the distance a. The distance a is a distance between the
nozzl e and the reactor pipe inner wall surface acquired fromthe
synt hesi zer in which a single 5 nozzle is disposed at the center of a
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frominterfering each o r. Fromthe viewpoint that the flows

f i nt j 1 h h [ d 25
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that th iIs preferably twce or nore the distance a.
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i ncreased, and fromthis viewpoint, the shorter distance b is't

better, andstheefisigNee PnlSaPLEAGERBLY in which the nozzle is

sandwiched by two heating sources is considered. There are
cases in which the two heating sources are the reactor pipe
and a single unit of the internal heating source, and the two

15 heating sources are the reactor pipe and two internal heating
sources. BAlso, the distance a is considered to be a distance
with which flows of the material and the carrier gas supplied
from the adjacent nozzles 26 do not interfere with the
reactor pipe inner wall. In the example in FIG. 2, by

20 increasing the distance b to approximately twice the distance
a, the flows of the material and the carrier gas injected
- from the adjacent nozzles can be prevented from interfering
with each other. From the viewpoint that the flows are
prevented from interfering with each other, it is understood

25 that the distance b is preferably twice or more the distance
a. The greater the number of arranged nozzles, the more the
yield can be increased, and from this viewpoint, the shorter

distance b is the better, and the distance b is preferably



- 7 set at twice the distance a. In order to achieve the distance b
of twice the distance a, a dianeter of the internal heating source
24 is adjusted. [0014] 5 FIG 3 is a diagramillustrating another
arrangenent exanple of the internal heating sources and nozzl es.
There are arranged three unjts of _an jnternpal heating sources 34
and si x tnrt3t g’?"%ac‘?\o FeS 38N it cl foorrcgeerd 1 AHE T Hher™C wal | of
the reactor, pipe 20 Ls, divided into three sectqrs. 10 At _t center
e fbe g ¢

of acir ?nk%c? TR %%Ea]éﬁeo?’b%t 28R ?ro?ft ©sect or,

the center, of t internal heati source is arranged. A distance
wSortbint e onEel  oF.

4

bet ween The cifcle FRaf R8st PRy source 34 is made a,
and the (iﬁéﬂlg 32 passes through a m dpoint between the peripheral
wal | of e internal heating source 34 and the inner wall of the

react.or pi ngn . The, n%)z&ila?r%? AE g{f%nﬂg(ga oG9t %E?agﬁéx‘é‘i@rg@ t he

circles 32, a ditanet er e i'ntern ing source

mor ot he TATARCE ot Mo Re Shol TRel ) SPARCE 20 HolREzASThe (PeLe

nore the ance a, an ance ween

peripheralowal |, 0fcfhe, 0L erfpl sNERLLAY; SOULGS: SfeaBRf T BE,LALET A
OT1s 5 8 nt, the

wal | of the reactor pipe a. From anot her "vi ewpoi

arrangerr%q& LFi3 3 b §S%£9£i8¥\536..-r@§ I S 'f‘éﬁﬁé@lwe@gé nﬂnrt}%%

sources 34 are arranged on S|ngle clrcuntference concentric to

cactor JABE 98, B9 -2ace0s Libe a0l DealTacsoytes o gnecttegie e
eacho Coif espONdsntore8eha 0L Lhet Bheenknteraal 1Reaklngs8QURGeor pboth
ends of the sector, the center of the internal heating source
34 is arranged. A distance between the cilrcle 32 and the
internal heating source 34 is made a, and the circle 32
passes through a midpoint between the peripheral wall c¢f the
15 internal heating source 34 and the inner wall of the reactor
pipe 20. The nozzles 36 are arranged at contacts between the
circles 32, and a diameter of the internal heating source 34
is determined so that the distance b between the nozzles is
twice or more the distance a, and the shortest distance
20 between the peripheral wall of the internal heating source 34
and the internal wall of the reactor pipe 20 is 2a. From
another viewpoint, the arrangement in FIG. 3 is as follows.
The three internal heating sources 34 are arranged on a
single circumference concentric to the reactor pipe 20. For
25 one internal heating socurce 34, one nozzle 36 1is arranged
between that and the reactor pipe 20, and one nozzle each

corresponds to each of the three internal heating source.

Also, between the adjacent internal heating sources 34, one



Al so, between the adjacent internal heating sources 34, one - 8
nozzle 36 is arranged, and the three nozzles in total are arranged.

[0015] FIG 4 is adiagramillustrating still another 5 arrangenent
exanple of the internal heating sources and the nozzles. There are
arranged four its of internpal atl sources 44 and ei hiEunits
of e RIS T ori LA Y et hod s S8 DA 6L T v Heo St B8 1 n

FIG 3. In FIG 3, the circle fornmed by the inner wall of the
reactorﬁﬁﬁﬁ?%ﬁﬁls 10 equal ly divided into three parts, but in the
exarrple'orh:IL , it is equally divided into four parts. Then, the
i nternal egting source 44 is arranged so that its center is |ocated

h f | e .42 b d f bot h d
o the sectof 1A di Stadcd sEABEA R edtaa?ﬂra' A e :efgt.mi?n;
heat 44 t | t
i apBi R Sr%ﬁa[nﬁai mneqfhe%am%%e?fi”ﬁ% i hd et SFRaTo et "t dothee

44 and nner W%er of _t he reactor

ter of t
it or nal s |ng Baveoorratre B e uglolott%at oS fﬁhnsg
arrange t 0 t weel the cifrcles t di tance
Y Ao Af MR FR 5 e G R B aing

bet ween es IS ce or rmre ance a,

shor test,. i aneq. helveen, the. peripheral, vetd of the isfernal oo

heati ng source 4 I ¥ he Teact or pi pe

Simlarly, %% 6§ fie 4 HH{%rW%|fe@f'@@bSB&%&@?rﬁﬁ%génigféggs

i ncr easedl om anot er- vi ewpol n e arrangenen

fol b gws 'eq-U}:lQ.lf)pLHu}l'Héacﬁ ngl featidg ﬁé’ﬂf&esbﬁlé A &he example in FIG.

4, it is equally divided into four parts. Then, the internal
heating source 44 is arranged so that its center is located
at the center of a circle 42 inscribed in radiuses 40 of both
ends of the sector. A distance between the circle 42 and the

15 internal heating source 44 is made a, and the circle 42
passes through the midpoint between the peripheral wall of
the internal heating scurce 44 and the inner wall of the
reactor pipe 20. A diameter of the internal heating source
44 is determined so that the nozzle 46 is arranged at a

20 contact between the circles 42, the distance b between the
nozzles is twice or more the distance a, and the shortest
distance between the peripheral wall of the internal heating
source 44 and the inner wall of the reactor pipe 20 is 2a.
Similarly, the number of the internal heating sources 44 can

25 be increased. From another wviewpoint, the arrangement in FIG.
4 is as follows. The four internal heating sources 44 are
arranged on a single circumference concentric to the reactor

pipe 20. For one internal heating source 44, one nozzle 46



arranged on a single circunference concentric to the reactor pipe

20. For one internal heating source 44, one nozzle 46 - 9 s

arranged between that and the reactor pipe 20, and one nozzle each

corresponds to each of the four internal heating sources. Al so,

bet ween the adjacent internal heating sources one BOZZ|§ 46 i s
d 6

arranged-S &Hd- W%@@o@ﬁtWEEQI%%aFna?%tETe Be%?EOErPaﬂﬁe% [ 6016 The
t | h FIGS. 3 d_4 h
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ngle circunfere € f the 10 nb f. the int heat i
sour cos LTS adtd™ iRt e g1 R rotHe gy %%%%%a%%@?%%%
b di .

Six uni (R G H&é?%i §Cf§é%'¥?%5¥§8m%adsafa3a 2o PERG Lt oitaretan

singl.e circunference and noreover, an another internal heating 15

sourCe 5% i3 5FYERGed i nside them Arrangement of the six internal

heati ng ﬁ ﬁ%éﬁ 54b and nozzl es 56a can be determned simlarly to
t he arrange t exanples in FIGS. 3 and 4. Wth the sane center as

t hat of the 2&9Ctoré%é)ﬁeéﬁ.a'CIr § 55 %nscr%ﬂﬁg |§ gn%i%cégeSZ is
4

det er m ned. aret F0"H nternal |ng source can b

det er mi ngd, %ﬁ@a;bn whﬂaﬁtgnﬁufgmﬁnokheneaﬁg Lot h8, ces 34

perl pher econes a ere are siI X un| ernal

rent I <P RSP RagNE 0003 TOLE SHERUALETSOEE 00
to %@Ch ﬁﬁ&ﬁ%r JPetﬂngn€e§§gl'ﬁe§£§8ga55§9989 %E RHSreased, more
locations of the internal heating sources can be arranged
inside accordingly. FIG. 5 is an example in which six units
of the internal heating source 54b are arranged on a single
circumference and moreover, an another internal heating
15 source 54a is arranged inside them. Arrangement of the six
internal heating source 54b and nozzles 56a can be determined
similarly to the arrangement examples in FIGS. 3 and 4. With
the same center as that of the reactor pipe 20, a circle 57
inscribed in a circle 52 is determined. A diameter of the
20 internal heating source 54b can be determined so that a
distance between the circle 57 and the peripheral wall
becomes a. If there are six units of the intexrnal heating
sources 54b arranged on the single circumference, the
diameters of the internal heating sources 54a and 54b become
25 equal to each other. The nozzle 56b is also arranged at the
point of contact between the circle 52 and the circle 57.
From another viewpoint, the arrangement in FIG. 5 is as

follows. The internal heating source 54a is arranged

- 10 -



poi nt 'of contact between the circle 52 and the circle 57. From

anot her viewpoint, the arrangenent in FIG 5 is as follows. The
internal heating source 54a is arranged - 10 coaxially with the
reactor pipe 20. The six internal heating sources 54b are arranged
on a single circunference concentric, to the reactor pipe 20. One
nozzl e &XAFIA LY rEided et iR 0o P2 he Tk it dit@rNRdatisnging
sources 54b arranged on the 5 circunference and the_reactor pipe 20,
that i s,s%iISFerﬁ)z%‘ig%sar? FEAE SR o rEYE OHECHES T e cPrgentric
arranged between each of the six internal heating source 54b and the
i nt er nal®® Helt iTfF SOt deBsua at RS OOFZEE, SRkt 4S5 ATHARAReY Asesrssh
total are arr d, and noreover, one each is arr ed 10 between the
adj acent®d é%aﬁgﬁ%%esdﬁ ng*'SoUIte oA HtT SYEFDh g‘ﬂﬁea%ﬁ‘fb‘i‘% on the

[ nf er, that i [ I in ot d. [0017
F o6 TR rating Lo P SoT [PUb ey 25 ot Sngehert o RRLI o

f the i.nt |. heati dth les. In thi I
the i nt drhaio batT ity TR 6 RIS dHF S4b S the PSS deat Rrch 66b
d t tely. d trically. A the jnt I
heat | no St s S e e s el et th ARSI TRk e
phe sangmgqj?irgﬂﬂLgreqﬁfs rglgrran ed at1$q%al interval s.. The
i nt er nal"“%eaty ng Yout c&° % |1_s ArTehgey atf tThe Tent et %?Z%]r‘n%srje%ctor

pi pe 20, the nozzles 66a are arranged on the sa circunference
but si de 40t § e TREGT Hal 2 TbdRT NG Lot CO1e ST 1 17  Rer it <1 de

the%an%éﬁe%ozﬂeesa&ﬁabce%% lingeurrrllahfrheating source 54b arranged on

the single circumference, that is, six nozzles in total are
arranged.
[0017]
FIG. 6 is a diagram illustrating still another

15 arrangement example of the internal heating sources and the
nozzles. In this example, the internal heating sources 64a
and €4b and the nozzles 66a and 66b are arranged alternately
and concentrically. Also, the internal heating sources 64a
and 64b and the nozzles 66a and 66b arranged on the same

20 circumferences are arranged at equal intervals. The internal
heating source 64a is arranged at the center of the reactor
pipe 20, the nozzles 66a are arranged on the same
circumference outside it, and the internal heating sources
64b further outside them and the nozzles 66b still further

25 outside them are arranged on the respective same
circumferences. A distance between each of the peripheral
walls of the internal heating sources 64a and 64b is 2a, and

the nozzles 66a are arranged at the midpoint. The number of

- i1 -



25 outside them are arranged on the respective sane circunferences.
A di stance between each of the peripheral walls of the internal

heating sources 64a and 64b is 2a, and the nozzles 66a are arranged
at the mdpoint. The nunber of - 11 nozzles 66a is half that of the
internal heatin our ces 64b so that an interval b between the

nozzl es "66Fi 2PorlSotetf it 9%, the ndt e s er i B ariaimgeRs otk
l'ine connecLi_?nqg the center of an |nternal heat i ng_source_ 64b-1 (See

FIG 6) Sthd Y 1R JEhBr7F R’ RETIRST AdlS HeA 7 1P st cb° 6243 A THob3i e

66a- i rranged on connecting an_internal heatin sour ce

64b- 3 sﬁsh&ﬁa o TR Yl O 11T A BT 3 A 1SR GBS Che

i nt er nal atl g%asource 64b-1 and the center %) g{I i nt er nal heatl ng
att 1hic

source 6:&{1 8t S R e 57 RIS At Fe sbifTe Eaa Ghd*tde
nunber QC thelnter heat i n g ; rces, 64b are determ ned soth

t he |statlr?t:ecedjett%e ttf'na lafb’i tz]tré% TOH TS or HoieE?
Nozzl e 66h on the ou S|de arran in one to
corresp désncaerwrf%c% Oenl% I?‘leal cf %o?ﬂcjé%t%%alih%'??r%%cﬁource
o o AT B D R BR T e 1
S 6 fore £ 580 2 prgeiC el e ool o e
gg?eglmane err%atqhak%eaf%:ané erg a%%2§ t'lbg weeﬁr%ﬁcs ijlafa%gﬂ Glfrlflozeﬁneasl is 2a
or THrehég%lng source 64a and the number of the internal heating
sources 64b are determined so that the distance between the
adjacent nozzles 66a is 2a or more.
[0018]
Nozzle 66b on the outside are arranged in one to one
15 correspondence with the internal heating sources 64b. A
distance between an inner peripheral wall of the reactor pipe
20 and a peripheral wall of the internal heating source 64b
on the outside is 2a, and the nozzle 66b is arranged at the
midpoint. As for the nozzle 66b, too, the number of the
20 internal heating sources 64b and diameters of the internal

heating sources 64a and 64b are determined so that the

distance b between the adjacent nozzles is 2a or more.
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CLAIMS 1. An apparatus for carbon nanotube synthesis, conprising: a
cylindrical reactor pipe heated by a heating device so 5 as to
becone a circunference heating elenent; at |east one tubular or
columar internal heating sources arranged in said reactor pipe and
having an axis parallel to an axis of said reactor pipe; and a
plurality of nozzles for injecting &ifdt®erial and a 10 carrier gas
into the reactor pipe along a direction parallel to the axis of said
reactor pipe, in which the carrier gas is supplied so as to surround

t he periphery of the su terial, wherein di stance between
o o mosbt o Sl AR IS i o on oty T YO SrRnCes
heating el enent and t he |nternal sourc ,_that are closest to

nossl i s o St LT, TCahkn KA dria 19 g (he SRuoTe 9VHCe 50

nozzl e cl osest, to thls nozz S econd dIS ance, which is tw ce

or more 3% ???%Ted?s?éﬁﬁgmg%%eﬁce He3EarBoh ﬁﬂﬁBFube synthesrzer

di t wh d t d t of d
hternal . hedti A AOUrEE o B R At comt | 55 S8 %{‘mﬁonsa‘
nanot ube g¥nthe5|zer accordin wher lurality

of et d TETHA S FERRTRG Sourehd Erettar hgRaTon Qagrﬂal ah Bxis

cireunference, SPNESNLL! S 19 881 da1836L8L 0P BEpeddna

a plurality of nozzles for injecting a material and a
10 carrier gas into the reactor pipe along a direction parallel
to the axis of said reactor pipe, in which the carrier gas is
supplied so as to surround the periphery of the supplied
material, wherein
a distance between said nozzle and two heating bodies,
15 among the circumference heating element and the internal
sources, that are closest to this nozzle is a first distance,
and a distance from the nozzle to a nozzle closest to this
nozzle is a second distance, which is twice or more said

first distance.

20
2. The carbon nanotube synthesizer according to claim 1,
wherein said reactor pipe and one unit of said internal
heating source are arranged coaxially.

25 3. The carbon nanotube synthesizer accorxrding to claim 1,

wherein

- 13 -



said nozzl es are arranged one each between each of said 5 internal
heati ng sources and said reactor pipe and one each between said
adj acent internal heating sources. 4. The carbon nanot ube synthesi zer
according to claim3, wherein 10 the nunber of said internal heating
sources is three. 5. The carbon nanotube synthesizer according to
claim3, whér@ltaard fiumfersad s ee i erhRd t At FHYT SBDBr2ES is
four. 15 6. The carbon_  nanot ube synthesizer according to claim1,
wher ei n FPEARFELHR 3 nFLRALE ﬁééwlﬁae%ﬁ%egorlgeaFFaﬁgEa sgdaxFERFYOT
with said reactor pipe and six units are arranged 20 on a single
ci rcunf érEree ¥Whcentric to said reactor plpe and said nozzles are
arranged one each between each of the intern heathg .
arranged on SHF AYARTIEHR AERPITAI T SR OIPPTHS o%%c a‘& said
between the internal heati 25 sour.ces arranged coaX|aII§ W th sa

0

n
r eactor Jp‘?*b%m%%dh%‘?x%m%aﬁﬂgﬁ‘é?ﬁ/e%ﬂdt figtddf G8EhPThBaPPNg™ 8P8e§ac

arranged_on said ILrc erence 14
9 Qb tween safd agggcen 1nternal heating souxrces.

4. The carbon nanotube synthesizer according to claim 3,

wherein

10 the number of said internal heating socurces 1s three.

5. The carbon nanotube synthesizer according to claim 3,
wherein
the number of said internal heating sources is four.
15
6. The carbon nanotube synthesizer according to claim 1,
wherein
one of said internal heating sources 1is arranged
coaxially with said reactor pipe and six units are arranged
20 on a single circumference concentric to said reactor pipe:;
and
said nozzles are arranged one each between each of the
internal heating sources arranged on said circumference and
said reactor pipe, one each between the internal heating
25 sources arranged coaxially with said reactor pipe, and one
each between the adjacent heating sources arranged on said

circumference.
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