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Introduction
5= WS 7)= 973k heat 2 mass transfer coefficientsE 7}A| 2L QL # L3k =4
9] productE WAL = Tk o] 7] Wit Ak dRke] dg] 2holal glom F
L= oled T FHES o] &ste] frES HhE7]ol A CNT &dsts Wi o] AHE5]
7] A Z2H Y (Mo et al, 2000, Zhao et al., 2004).
frees o] &3 CNTS CCVD #4dH2 ZulJA7E 2/ ol vl e A o] F93] =
7] ol frs Al WS 71AeLe] A E HA o] At FHul 7] o] §3F CVD g HE Y &4
AA hFA AL A etaltt (Mauron et al, 2003). T3k 1= st o] 744 AAH A
EdEo] A H o FA] HAS oI AY HEG 7] Bl &S & 7 ol 5 AW
ol = 283t & & = vt FHo] At} (Perez-Cabero et al., 2003). &% ©]
A BEAUEFEHE st A5 dbSo] 2 o] A E Fye ditdos x84
Zu F-3o] 4= v~ 54 wjo] &35t7] wfZol vkg-7] Ul o o}F AFFe] Hujnks Ho] ¥
ofof Hk-&-7] wro g Hu pgH A E UA Yee AS BATE F k. 28y Fujj9
= ol HB7} ¥ke-7] A EHT 2 H 9 HA2F535E(Umf) o] Ae] 83 f&o] &
Hoj%® FE537F A2 o] Fo] XX ¢t7] wjTol Fuje] HBE 9A =] o] FXAZ4 2
87F Atk o] A FHulo B4, Wl 24 9] inert particleS 41o]A] AA A HBE =
o olels TAFEE AMEAT F Atk BE FE3oA E8EE AR=AAA g9y 22
S AAstE Tlsol A AR EY AF WAS HPoEN =2 X a88 25 HEl
W2dl inert particlex F+&545 A 7]aL 2L
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Experiment

o] A3 FA9o JHEE Fig. 1o Yepch gl A w37+ Fo] 1.2 m,

W7 0.05 me ~=HAd~ 28 (type 31002 A2t ar, ¥H5-7]2] FHspekel] 2 <l

2 Fuuje] dds o] =l o] widel= H2, N2, C2H29] #3¥s 24T & Sl=

MFC7} AA5o] gt} o] Wg7]= ol& 71A|7F Fulol o]27] Aol JINAFE st

furnace, ¥F$9S FFal = Ad furnace, 183 A% furnace Y& =FHo] 9=

Zrel BRol d £245 ur] 93 insulator, PFA YO 2 H]ALE o] dolrlE JRAES E
o]

3tz 9% trap systemo] AXAE ventF= uylo] vk AREE ZJAEHI7]E pore
size7} 40 pym¢Ql sintered metale] Zrd st 2 EE 0.2 m 9 A He] A=t} s
G AR furnace= 22 WHEQ 2% controllerd] 9&] ZEHeo] YHR2L7} 24T
M 1 ASS YRexE =AHsty] g Euly] 9E3E 27 0.05 m, 0.15 m, 0.50
m, 0.75 m 4ol 4719 thermocouples 3|3} aL, f@% Le= A/D %%7]2
3 Hired dgEA. VentFol= Eo] AR o AHA trap A7} A4d= o ¢
TS 71 A kA o= vk RE 2 s

34" AAHES FE-TEM (JEM 2100F), FE-SEM (JSM-7000F), FT-Raman
spectrometer (FRA 106/S)® &4} t}.

Results and discussion

Inert particles 414 @il Full b AF&31& w9} Hs”7F 0.1 m$! inert particle®} 30 g9l
Zu] S AojA WHSAIZE 2 A7, WES2 1 600TCollA N2 / H2 / C2H29] )7} 1/4/1,
% fr&o] 3000 scem?! 7oA CNTE @A 1 2 WA =2 SEM, AFH S Fig. 2-(a)
9} 2-(b)ell Z+zF et Fig. 29 (a)Einert medium particleS A1 %] &¢kS of s+ =
CNT agglomerate®] SEM o|n|X]Qld] &7go] FT3d] Eif3st xHol &35E53Ith
Fig. 2 (b)L “1 W9 70,0008 & SEM oW X QlH] FFEH-= s CNT7F AP o= W 9l
S ¢ F AthFig.39 (T F&Fdd mE A= gt 29 E g ol AHE Y
A 7ﬂ7<“4 CNTO] vl && ol wepr 2 o7 fIoAXIR CNT agglomerate®] ARo]l=
2 CNT F AL A4 Wststd). Fig.3el (b= €4 SvsFsS AE3lal inert medium
partlcle«] static bed height, HS¢ Fo|& Z}Zz 3 3S v *37\451 CNT¢ Raman
spectra L3 o]t} HS} A E WCNT gaFulo = 2 2o 7} gl &3k or} Fig.49]
A & gl o] HS7F S 7hstell whet Ad CNT agglomerate®] Z7]9} CNT 2174 & 7HA4

St AEdE UrE‘ﬂﬂL AL <4 4 A} Fig. 55 94 HS9 inert medium particleol] A]
o] & 7247 0g,5¢,10g,20¢g,30¢g,40¢g,50g &= 27}*1 7IHA A PRE oo
A7 =l W3 carbon source®] HehE} A= FuWFES e e 2ot 10 g
of Zufj & AFE S wfo] dE&Eo] 7MY =2 AS & T UAIL T oo FZujFA e 2
3y AEEo] FAass &+ Addh

Conclusions

Inert particleS AF&a|A &A%k CNT agglomerate= X% Z2] CNT7} inert particle®}
o] Aol ol FHOoRE vigrE 725 A o] uf ¥ CNTY A4 2F 15 um ~ 20
um ‘g =o|th. Zuloll inert particles 41015 7“”—1 &Y WRTE e o] HolA A
Tk 2 7ol a1 31E CNT agglomerate”t /3 €t o] wjo] A= el 23% CNT9 &
FHl = A FEodA F4E =S CNT &0 eF A9 sdsttt. HS7F sold+= A
A 5]+= CNT agglomerate sizet 2FolA]al T2 w118 7t} 18] a1 Hs7F oA &= o}
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Fig. 1. Schematic diagram of the experimental setup

Fig. 2. (a) SEM image of the single CNT agglomerate without inert

particles (b) SEM image of surface of the single CNT agglomerate
without inert particles,
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Fig.3..(a) Raman spectra of CNT production with various gas flow rate and (b) Variation of ID / IG with the various Hs of inert particle.
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Fig.4. Mean diameter of CNT and CNT agglomerate with vario

us Hs of inert medium particles
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Fig.5. Effect of catalyst mass on conversion of carbon source

and (b) ratio of volume expansion in an inert medium
fluidized bed
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