APPARATUS FOR CARBON NANOTUBE SYNTHESI S Technical Field [0001] 5The
present invention relates to a structure of a device for carbon

nanot ubes synthesis. Background Art [0002] 10As a nethod for

synt hesi zi ng carbon nanot ubes, a vapor- phase flow nethod is known.
In this nmethod, a material containing a carbon source, a catalyst and
the like is suppli eRPPARRIES HEQR LRARBEN HANPEZHBE @XlTRHHS i pe, and
carbon nanotubes are nmade to grow in a state floating in the reactor
15 pi pe. The carbon nanotube has attracted attention recently as a
new mat eri al hav'ng,n possibilities, and industrial uses thereof
have beeﬁeﬁkﬁﬁFﬁéd.1?£$lindustrial use, increase of a production
anount ii bH genand. (0003] 20Patent Docunent 1 discloses a technique
for incr 8 Phy a yield by enlarging a dianeter of a |ab | evel reactor

pi pe and by ifgcl ggfé{%é he Jaurasr b aeLerig! i N Salian 1922l 6vila

t hat Case, in or el'fmnate unevenness in tenperature inside the

react or ppRecaaflohNhehdRlbdealyihargw.ce is

Background Art
[0002]

10 As a method for synfhesizing carbon nanotubes, a wvapor-
phase flow method 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
nanoctubes are made to grow in a state floating in the‘reactor

15 pipe. The carbon nanotube has attracted attention recently
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.

(00031}

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 1l: Japanese Patent Laid-Open Publication

No. 2005-41752



25 arranged inside the reactor pipe. Pat ent Docunent 1
Japanese Patent Laid-Open Publication No. 2005-41752 Sunmary of the
I nvention [0004] In the production of carbon nanotubes, in
addition to the production amount, there is a demand for inproved
yield, 5 that is, an increase,of a ratio of the carbon nanotubes

havi ng a 1A% Ot & dPEERFLCR] ngl e wal | ed carbon nanot ubes are to
be obtain%g, fgr exanpl e, deposition of nultiwalled carbon nanot ubes,
anor phous RP8dns and the Iike should be suppressed. It is an

cvantage of KhepHEoSFtbudRi e 0 RN 52 BYTARERLESY
synt hesi thi{de grohﬁ&%t%%s%%uhﬂ‘/e@ﬁéz?é‘ 19 udes o 8l OpbL6kar §ALE QY
pi pe heate y a heating
5 that is, an increase of a ratio of the carbon nanotubes
having a desired structure. If single walled carbon
nanotubes are to be obtained, for example, deposition of
multiwalled carbon nanotubes, amorphous carbons and the like
should be suppressed. It is an advantage of the present
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 source arranged inside the
reactor pipe so as to have an axls parallel with the axis of
the reactoxr 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 i1s twice or more

of the first distance.



15 devi.ce so as to be a cylindrical heating elenent, a tubular or
columar internal heating source 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 parall el
with the d%pgeéf the reactor pipe. The carrier gas is supplied so as
to surround the peripher% of the injected material.,K The nozzles are

arranged so tRASECRIENEt BAC DRV OISV LAR, nd ¥t et & Wik

heat i ng bod%es g%gg cbrcunfg%ence heatiq&aelenentdor t he 25 internal
heating $GFPED) SUOE PYRERPRLADZ 5 i dPEPYEYi st ance, and a
distance fromthis nozzle to a nozzle closest to this nozzle is a
second di stance, which is twice or nore of the first distance.

[ 0006} Brieéc%%%@irggtggnt be Pﬂ@sﬁﬁwi@’%n“ on, a yield of the carbon

nanot ube synthesizer*can bé i nproved. rief Description of the
Dr awi ngs &ﬁﬁﬁﬁ] FIG 1 is a diagramillustrating an outline
configuration of a carbon nanotube producing device of this

enbodi ment; 10FEG 12ikSa adthpemmildsesttahyngnasuel {i@agenment exanpl e
of the nozzles and an internal heating source;
configuration of a carbon nanotube producing device of this
embodiment;
10 FIG. 2 is a diagram illustrating an arrangement example
of the nozzles and an internal heating source;
FIG. 3 is a diagram illustrating an arrangement example
of the nozzles and the internal heating sources;
FIG. 4 is a diagram i1llustrating an arrangement -example
15 of the nozzles and the internal heating sources;
FIG. 5 is a diagram il;ustrating an arrangement example
of the nozzles and the internal heating sources and
FIG. 6 is a diagram illustrating an arrangement example
of the nozzles and the internal heating scurce.
20 [0008]
10 carbon nanotube producing dewvice, 16 synthesizer, 20
reactor pipe (circumference heating element), 24, 34, 44, 54a,
54b, 64a, 64b internal heating source, 26, 36, 46, 56a, 56b,
66a, 66b material injection nozzle.
25

Description of the Embodiments

[0009]



FIG, 34is a diagramillustrating an arrangenment exanple of the

nozzl es and the internal heating sources; FIG 4is a
diagramillustrating an arrangenent -exanple 15 of the nozzles and
the internal heating sources; FIG 5is a diagramillustrating

an arrangenent exanple of the nozzles and the internal heating
sources and An embpdlment sof Himgradent! deveating whlhrbafipsribed
exanpl e of the nozzles and the internal heating source.. 20[ 0008] 10
carbon n&fFAhEFLEHEBEN§OJERE cattaghed fufedings-, BESr ehdDr2thi pe
(circunference heating elepent), 24, 34, 44, 54a, 54b, 64a, 64b ,
i nt er nal ARy cga&&%@::aée?ns%%a%«%ms%fa,a S0P OB 3TBB DR EPParLng
i njection, nazzl e.. 25 Descri,ptiaon of the Emhodinents |00 . An
embodi merte V3% ﬁg ‘pr']élg%n‘fa]ftﬁ%ﬁﬁri?ﬁl\%&el Prgguaéggrﬁg%%%c%gfdov% % uedrersl ng
to the att .draw . F ] | fiqu i i agram
of a %arEbﬁggggéggbghggggﬁgég%e%%%$égﬁf%ﬂ;fﬁ%ggégggngnéﬁ%%g %P,QQ

roduci n I.Ge I 5 i I devi 12 f
p | NG d8vieG Ig%g bﬂg{ogg?fit‘; ad{Bd ef'4 ﬁoﬁ%@%&%ﬁﬁg QVELEricT@¥ds,

supplying a material, er gas supplyi cé 14 for supplying

a carriery ga%ithdsi¥athesi 26t 16nfRds SYiHd@¥rHOAI naAbRABe Bansbt bese
fromthe material, and a collecting device 18 for collecting the

synt hesi ze@ gakbonananat dbesecihgy nddeirdalls melrudesiaceanyoohd o
source, a catalyst, and auxiliaries. The carrier gas does not

di rect |y syelthkeeizedsyatrhesi sanbtiles carbenmataolabetndides ausedbioor
adjusting a material reaction condition inside the synthesizer 16.
10 source, a catalyst, and auxiliaries. The carrier gas does
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 c¢ylindrical 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
inextial 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



[ 0010] .15The synt hesi zer 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"

i ncl udes ipsewdd sgriavpeyatdadeto byharcynevddigalf exde ofichhasraactor
centrifugal force in addition to the internol eculer force. The
reactor @ime 29-i sihcbhie empadimeandat engigeviies oplivdenr SRV a
hi gh tenperature and to becone a circunference heating el ement

heati ng t9F@laysidde Pheveprceit e "prgallphithe i"éa@?b‘? HRe "’rz]'(ﬁo an
internal heating source 24 is further, arranged. The intern heat.i.n
sour ce 2$Jﬁ§§d§%tGbGPQF}aEO?Hﬁ%Eﬁ?m%ﬂt ﬁ£%%EF€C5PFCBF8? ?ﬁbﬁ? 2

i cylind h d i d, h its..axis | .
cLrevker o dadsr phaeg, a0l a0t B0cint LR Sl o

nbodi t i | ak i i I f
crbod Menker Sl G4 SG1h! B0 A0S S SRS ThE mRE R Ol

eact o RieAdedNdatle. o as ML AR 1362HE0E 80K Cond dene ihddUriNa

heating source is arranged 1 n single in plural, and the

arrangemefds tWinly sterdeseti begdr | &tffp1ds 4 hdtealy ayeflent ces2eg Sand
the internal heéating source 24, for exanple, a heating el enment using

an el ect rdiedresSicsireBcetaabebeanses . usld 0011] In the reactor pipe
20, a plurality of nozzles 26 for supplying the material and the
carriiér ga®ldrle arranged. The material has a transition netal
conpound to be a catalyst and a reaction auxiliary added to a sol vent
contai ning a &arbba tSacter @ing 29,pri plusdlasynedtnozaes LE&UHH i ed
by the material supplying device 12 to the nozzles 26 through a punp.
Mor eover ,Susird didethgl mperhpbcardl the canrd 9 getoprpi perandesd: it

droplet particles froma distal end of the nozzle 26.
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
supplying device 12 to the nozzles 26 through a pump.
Moreover, the material is 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



The.carrier gas is supplied by the carrier gas supplying 20 device 14
into the reactor pipe 20 fromthe vicinity of the nozzles 26 while an
appropriate flowrate is controlled by a mass flow neter. A distal
end portion of the nozzle 26 is configured to supply the material 'and
the carrier gas separately into the reactor pipe. The nmaterial is

i nj ect ed IBHe Mnroangdagethef makertpstdorRAeEF SLovRethsoRoR BlBe whil e
the carrier gas is supplied fromthe peripheral part of the distal
end, and J%?q‘%sclﬂ & -ri ng- shaped flow with a sectional shape
surroundiéghéﬁea material droplet flows through the reactor pipe.
[0012] Th erial droplets receive heat fromthe 5 circunference

heating el ene and.the_internal heating squrce i | om ng down
t hrough t he r@%gtg?t%F%%iZ ,°r¥%f§x§ 56 ﬁaﬁ%ﬁ%bggggrgh%ynthesized by

actiogs of; n&%&egl%%%@g%%%ei%ﬁ rgl@{%r%r?%g)gﬁitteirﬂglpﬁeégfn?a%ﬁgfbe

source, netal particles generate econposition o

transi ti qf MR &1 44 ngOoBAHNEnr8¢h 1t B dd A Yoiph! 0@ aaRQt £8Fbon
portion of the reactor pipe 20, a discharged gas containing the

synt hesi zagh RN aRaNeLHBESsh Sedi IS¢ hadaRthAREF adbba LbRceatéeby Ny

device 18. At the collecting device 18, the carbon nanotubes are
separ at ed:Hara@all lecdmpobacgef gastlandadreciovtdce]l5h80843] particles
Subsequently, arrangenent of the internal heating sources 24 and the
nozzl es Zfensiddtede byesthervedl. déoomaedi wfort kef ftdlel dwangidiocangeheht
exanpl es, arrangenent in a section orthogonal to the axis of the
reacl@r piqupomd,s agdowhe RLELllary. | Fram pahebbemeperibben safcttihen of
the synthesizer 16 in FIG 1. An exanple of a single unit of the

i nt er nal FREANNY PIEEr €022 dhEchRIERd YT IHEaisirge§N26SYRTIRABIFED

The
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



internal heating source 24 is arranged coaxially with the reactor
pi pe 20, which is a circunference heating elenment. 25 The nozzles 26
are arranged on a circle 28 at an equal distance a froman inner wall
of the reactor pipe 20 and a peripheral surface of the internal
heating source 24. Mreover, the nozzles 26 are arranged so that a

di st ancebeligeaeehhehadjd¢ence morwias ds ias dasascanke Whighikh is
approxinmately twi ce the distance a. The distance a is a distance

bet ween epprasimpbedrdtvhes ridtdisti@nge innefhsedistandeade 1&cquired
fromthe synthesizer in which a single 5 nozzle is djsposed at the
center ofigtpaget BEtPrpe &he (RRAZLY ANFeShe &P2RFGR DIRF d*2RRF I

qual ity carbon nanotuybes is to be realized. The arrangenent of the
i nternalSH§§PFﬁga§8H%E%daE€PTrﬁpquﬁﬁﬂﬁ?ﬁs§285n%Pdggéggs% THE %t | east

heat i di, h [ d [ I '
23‘% By BPYaRC i Gt aHesed S T U Fr SofeRbagl B et
ey i et v i . |
heat 1 ng Surpseid bECREIR YT Y hahE JIREELS, LaCRBI M iORRGy 1900

heal ing SQUEEESae LAC MeALlaiahiRRAR0oR RO Seid1 Blediitg

i nternal heating source, and the two 15 heating sources are the

reactor RiREcANAnHWRHLENHEERBE e dG AL S tAhEOatt Deasht stwice a
is considered to be a distance with which flows of the naterial and

the carrir@atgag svapksedthe ored dondjiarenindnenzl eat2bnad Wedting
interfere wwth the reactor pipe inner wall. In the exanple in FIG 2,
by 200i ngiomasiengathehdestiascende to apprpoovidked forwone nhzzbi stance
a, the flows of the material and the carrier gas injected fromthe
adj acent meozz peefeanbby, pthe ent vahdemsmt riewhachnghei rpz2b& ot her .
Fromthe viewpoint that the flows are prevented frominterfering with
each ot heandwi.chedyhieEypobeadbng pAundes dissCaneddgrerd. prigredtahice
twice or nore the distance a. The greater the nunber of aryanged

¢ he ' Pipe

nozzl es, @SR WPAEhY FBRJEEAMRETIHE RAESES 3G FRENTERFEC
VeIl Nl 1 ST LR P e HELiShy 300:0D° Shatanee
15 heating sources are the reactor pipe and two internal heating
sources. Alsoc, 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



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] 5FIG 3 is a diagramillustrating another
arrangenent exanple of the internal heating sources and nozzl es.
There are arranged three units of an internal heating sources 34 and
si X unit St aF A¥AFLedhgsdiatanNeR |2 f IPNREIBY FRATHIRYE 18 of the

reactor pipe 20 is divided into three sectors., 10 At the center of a
circle S?Jisrjfé“é‘tcleoz’doifnt?"’éﬂfauyé% BB A ot @n@&ag?t?ﬁeogéﬁ?%r, t he

center of, the internal, _heating source 34 i rranged. A di stance
bet ween A Ig‘e§%l§ﬁd5?ﬂ’ég? n?%rjrﬁlac}?é’as?r‘ieﬁlg source 34 is nmade a,
and the cLind'Dc_Llfg 32 passes through a m dpoi nt between the peripheral
wal | of the internal heating source 34 and the inner wall of the

reactgr pipe g G.Tﬁeigroézé%%?%%&f‘lu%“c&%%gﬁﬁ ahotret agt S, the

circles 32, and a di aneter e internal Reating source 34 1s

det er m nedi5@1khalr the dhebanse MReleiveabiesnaaal 88zLeciW GoLE
nore the distance a, and the shortest di stance 20 between the

peri pher alreralrragiyetihenirabesnst s hegtdmaseinee Bé=andgt Seutséernal
wal | of the reactor pipe 20 is 2a. From anot her viewpoint, the

arrangememid isixFuGit3d b asnéptlessiée.Tha theekei Mdbanahlbiheadid ngner
sources 34 are arranged on a single circunference concentric to the
react or pigld 23 tEer r2Bcbne pipera@lihetitiimpdsdokcoetBieeopechozs! e 36
is arranged between that and the reactor pipe 20, and one nozzl e each
corr 88porfids the espliesf ofha ehreke i cknrarifest ingradinees 2P sof both
bet ween the adj acent internal_ heating sources 34, one nozzle 36 is
ar r anged,engifd ofh&henseetABzzFoe F9PERE AT dhe dntsrgad. heating source

34 is arranged. A distance between the circle 32 and the
internal heating source 34 is made a, and the circle 32
passes through a midpoint between the peripheral wall of 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 wviewpoint, 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 source 34, one nozzle 36 is 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



[0015] FIG 4 is a diagramillustrating still another 5 arrangenent
exanpl e of the internal heating sources and the nozzles. There are
arranged four units of internal heating sources 44 and eight units of
the nozzles 46. The arranging nethod is basically the sane as in FIG
3. In FIG 3, the circle forned by the inner wall of the reactor pipe
20 is 10negaaf| §6dioi detangrd t Ehsarthy eehnpZEASE hil ek@bpl 2% FI G
4, it is equally divided into four parts. Then, the internal heating
sour ce 4arrdngefanged so that its center is located at the center of
acircle 46 Lhscribed in radiuses 40 of both ends of the sector. A

di stance [B8¢wden the circle 42 and the 15 internal heati ng source 44

[ d : h jrcle, 42 h the. g dpoi b h

pf ?EhZ; S e o (e ?ﬂlaq%?nsﬁfiiyf%gﬁ%mé%ﬁ e ie ?Lﬁ’i?”m;ﬁ
| . [ . r

is de er?ng%lg&%géﬁﬁa%g?ﬁél%O@F‘Eehezlé'q}ts?&g%l a%ggggé g&%é%%n ad(’(:ltﬁﬁa

bet ween hﬁgzgé.&?' O e 42 a@r%h?@&efguPegﬁ‘%@é‘ 6%‘%6{’&7&4&3 HetliWyCe

or nore t I stance a, and the sShortest distance between the

peripherab,vabl 0f Lhe Lndwer nalitheald NheSovkeeed448nd tilte driiaeigivngl |
of the reactor pipe 20 is 2a. Simlarly, the nunber of the internal

heating seWhe€siddbssicablperndRnased ihr gnsanet hem \BEWWAE, ntchet he
arrangenent in FIG 4 is as follows. The four internal heating
sources éd4rele fsrmadedyorha Simey evadilr ednftaeeneactonceire i 20tis t he
reactor pipe 20. For one internal heating source 44, one nozzle 46

i s ak® angqdabikyweewidadtiniel theee emotter, pupeifOthanexampeleoizz| BlGach
corresponds to each of+the four internal heating sources. Al so,

bet ween #helbdfaceanalhy edieldarkadmitey fooar pastad, Bwnmdha dterpgl

arranged, and the four nozzles in total 5 are,arranged. ]
heating source 44 is arranged sc 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 throﬁgh the midpoint between the peripheral wall of
the internal heating source 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 Dbe increased. From another viewpoint, the arrangement in FIG.
4 is as follows. The four internal heatiné sources 44 are
arranged on a single circumference concentric to the reactor

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



[ 0016] .The arrangenent exanples shown in FIGS. 3 and 4 are exanpl es
in which a plurality of internal heating sources 34 or 44 are
arranged on a single circunference, but if the 10 nunber of the
internal heating sources is increased, nore |ocations of the internal
heati ng sources can be arranged inside accordingly. FIG 5 is an
exanpl e % wrrengsdxbghveen othathendhtdrensleassati BgPSoaP ce2BAPRE e
arranged on a single circunference and noreover, an_ another internal
heating Po2Ed6r €aCH48OF5EespeRGY el i9RGOT KoM TARF ahRFEME L 013 S| X
i nternal heating source 54b and nozzl es 56a ¢an be deternmin

d
similarl POLECERe Atshydifdimese s 8IpReRF Gt Nl YA tANY h SONE &5 me

center as  that of the reactor_pi 20, a circle 57 inscribed in .a
circle 5£4rs°&§t8PﬁFE8d$8A&ﬁi Qﬁeé; %Wﬂaﬂgﬁ %ﬁ?érﬂgfz%%%I}?mf%ﬁﬁﬁce
54b can %%ed%#%%gingd so that a distance between the circle 57 and

t he periphera waPF“pecones a. If there are six units of the internal
heati ng %%%r%ﬁs 54b arranged on the single circunference, the

di aneters o} he internal heating sources 54a and 54b becone 25 equal
to each othergydhg,rpORZamOR dasnAle30 sRbLANGRrBdst e pal N Afe
contact between the citcle 52 and the circle 57. From anot her

Vi ewpoi Ntexahip@ e8f LANGBIBAL a | FLIFA 1ty IcF antkehkoWaealhRyi sb@Fced 34
heati ng source 54a is arranged coaxially with the reactor pipe 20.
The six ot édnalrehaatrbnged odk C£ Ss il sarcd rauindrgedcan ausi hfjl the
circunference concentric to the reactor pipe 20. One nozzle each is
arr ah@ed nebeeepnfeabh dhtéehmakilxednirey reduncest ingisonesesdbamore
arranged on the 5 circunference and the reactor pipe 20, that is, siXx
nozzl es ikvcestiansapd sheahgeernahdariZzice seyereps canr BageIrdRISEen
each of the six internal heating source 54b and the internal heating
source 54&side; REcREALBILYt hdtlG s 5 dBx 2RoSFPERLE Ntk S Zardt§ed,

and noreover, one each_is arranged .
of the QHternal ﬁea{{ngg%ource 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 internal 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 -



10 between the adjacent internal heating source 54b arranged on the
single circunference, that is, six nozzles in total are arranged.
[0017] FIG 6 is a diagramillustrating still another 15 arrangenent
exanple of the internal heating sources and the nozzles. In this
exanpl e, the internal heating sources 64a and 64b and the nozzl es 66a
and 66b apexdelapgeilthl tiee na¢atyormmdpeodentThe adisy . inflexmalt heating
internal heating sources 64a and 64b and the nozzl es 66a and 66b
arrangedsonrthe §éheaRé airzngddrencesiagéearianyefenenegueadncentric
intervals. The internal heating source 64a is arranged at the center
of the r&actbe pEpetoD pPipe 2bzzPas BOazhe ecarh abyr andere bekieen
circunference outside it, and the internal heating sources 64b
further 88F8i 8¢ FRenHRdLR I S8S 166h SSRFFRST ég?mrw%t% ddre
them are arran%ed on the respective sane circuggerences.,A di st.ance

bet wedn EALRUBFSTRRCPPRPHENQITSRATNY &-PPhE0 ntBRhat Shedtf MPEdfikes
64 d 64b_i dth I 66 d at t 1. dpoi nt .
The numbef GPEahosbFeerbRIIT: S TCHAR CoP*tRe Pt e AT R T
sources G4Rnsg: hAL an | Mesual hiseen e nos! 25000 AR an
nore. That 7i's, a nozzle a-1 1s arranged on a |1 ne connectl ng e

cent er o}.leglgijn?t e5AaLe heal 1 g ST +R4D- 1nkeeesFl G x Qoo e

I
center of the I'nterna eating source 64a.” A'nozzle 66a2 1s arranged

on a |ineceanngeti A8raAged} 4l IndiRAcRg SAHr 68ch4Ds 3asKimpidig an
internal heating source 64b-2 fromthe above internal heating source

64b- 10 angethecnethera@iat¢die | Niwdmall heating source S48.arraigaeionr

of the internal 10 heating source 64a and the nunber of the internal
heat i ng sher eésgbdbchreunBdremeaecthad tibat sthendzsiascin battveemrche

adj acent nozzles 66a is 2a or nore. [0018] Nozzle 66b on the outside
are arrangsdngadene to one

[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 64b 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
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15 correspondence with the internal heating sources 64b. A distance
bet ween an inner peripheral wall of the reactor pipe 20 and a

peri pheral wall of the internal heating source 64b on the outside is
2a, and the nozzle 66b is arranged at the m dpoint. As for the nozzle
66b, too, the nunber of the 20 internal heating sources 64b and

di amet er aoeklktBecsat s nahlheidh@ S @teCc eate4aadnfeSHdin@rsoulnicay rddied
so that the distance b between the adjacent nozzles is 2a or nore.
CLAI M5 l1lsoAmhappanainsetwal cardeowerandhebaogyihbheSbs, iz dpramsimuge.a
cylindrical reactor pipe heated by a heating device so 5 as to becone
a circunferéndée, haanongle| edrerl isarriraagedons subiharcennasiinndhe
internal heating sources arranged in said reactor pipe and having an
axi s par &enéert of apnajiiitewiak diaptiagc soprpepéibahd (29| k& i®ly ad
nozzl es for injecting a material and a 10 carrier _gas into the
reactdr PPpecandfy al dFRRcAniRrisdr fepEirgosPRECExFE2 of AsBPFZLEa8PBT

pi pe, in_which the terial_js injected as droplets fromthe nozzle
and the Carfi 8FFgagefsCRppHi 8n§§tPBgSGPr6Ekﬂr%§£e9?iﬁﬁﬂ%/%ﬂ”rFﬁb

supp! | od TRt er Lol oBsndr Bl S tierel 1437 Hlst8ne s D LURSD Rl
above internal heating source 64b-1 and the center of the
internal heating source 64a. A diameter of the internal
10 heating 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 ocutside 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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anong the circunference heating el ement and the internal sources,
that are closest to this nozzle is a first distance, and a di stance
fromthe nozzle to a nozzle closest to this nozzle is a second

di stance, which is twice or nore said 20 first distance. 2. The

car bon nanot ube synt hesi zer according to claim1, wherein said
reactor pipe and one unit of said intestas heating source are
arranged coaxially. 25 3. The carbon nanotube synthesi zer according
to claim1, wherein a plurality of said internal heating
sources are arranged on a single circunference concentric to said

reactor pi.pe; aandpparatuss@bé BEZBbASnanetabeasgadhesesgacbmpel veRy:
each of said 5 internal heating sources and said reactor pipe and one

each between gatg¢iladpacentl rahketbal phpat hegtsaubgesa. hedtrifbedeaibenso
nanot ube synt hesi zer according to claim 3, wherein 10t he nunber of
sai d §nt esn&lo Reaicdmg aS@ireemiesehltee®eating element;
at least one tubular or columnar 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 a material and a
10 carrier gas intc the reactor pipe along a direction parallel
to the axis of said reactor pipe, in which the material is
injected as droplets from the nozzle and the carrier gas is
supplied so as to surround a periphery of the supplied
material as droplets, wherein
15 a distance between said nozzle and two heating bodies,
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

20 first distance.

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 according to claim 1,

wherein
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5. The carbon nanot ube synt hesi zer according to claim3, wherein the
nunber of said internal heating sources is four. 15 6. The carbon
nanot ube synt hesi zer according to claim11, wherein one of said
i nternal heating sources is arranged coaxially with said reactor pipe
and six units are arranged 20 on a single circunference concentric to
sai d reactor Pipearabity of said Mozatesl aneadingngedroae @ach
bet ween each of the internal heating sources arranged on said
ci rcunf enepaagaddosabdstiagttoripcpafearaceachnbehweén theskntierraktor
heati ng 25 sources arranged coaxially with said reactor pipe, and one
each betpees;t hadadj acent heating sources arranged on said
ci rcunf erence.
said nozzles are arranged one each between each of said
5 dinternal heating sources and sald reactor pipe and one each

between said adjacent internal heating sources.

4. The carbon nanotube synthesizer according to claim 3,
wherein

10 the number of said internal heating sources is 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
salid 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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