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Introduction
TxHe EAY 7|ddE 43 EAS 7FH Ay H(carbon nanotube; CNT)=
WA AR 1 Bol g ekl §8T - AL S Agead

Laser-ablation, Electric-arc-discharge, Chemical Vapour Deposition(CVD)S E3$}15le] o &
AU 0% ONTeel T30l atl(s). St ONTsel & AZe aael ol
247k 93 93 1A AR Ashel ONTsSl Akl ¥k 77 ool 3)

§EE US/1E o83 COVD MEE A%EHe] e oA we AT} ol
o]x31 o]t} Wang S[8]S b xrstal A Hek Al multi-walled  carbon
nanotubes (MWCNTs)E AT 4 Aot T RS Son 5[9]> carbon source@®
methane (CHy), acetylene (C,H,), ethylene (C,Hs), ethane (CoHe)= AF&-3}o] 7]A-3LA f-&
= Hkg7)ol A MWCNTsS 43 2ol A methaneS AHESFAS W), A7, w2 AA
o MWONTS/} A2E9chs WERHT. Zhang S[01S F55 WS712 ol gaho]
CCVDYHOE CNTsE FA4T wl FeMgO FulE A&3ll=tdl Feol F%(0.5-15wt%)°l
w2} SWCNTs, DWCNTs, MWCNTs7} A8 4 02 Agashrtar W sgi),

CCVDW oA vl CNTsS E45 dsted 2L 93 oo 72 Fve &
&S HHele o= (Co, Fe, Ni)olHt &35 %(Co-Fe, Fe-Ni, Co-Ni)¥ ZFuj¢] 7]
AR ZFxe] ¥ vxude F7HE fer gaFde] AR A|(MgO, AlLOs, Sloz, CaCOs)
2 7Y AAA gz S A4S He dolas AR Av|ek dAdsHA A
¥ AEe wet FAE CONTso| 274, &) Wsteth CNTso A2 LAl o] Fof
A7) WiEoll delggel A TAHAA 2 JAE FASH Q*Eﬂ AR Ak Holw
& Ao HoAgo] AEdrE Hdolgd AR olss Walste] & kel Pl A
AXITH11]. Holaso kel S7eFS AAA FHlol dolad AR o] S
ko] CNTsS] &3 27 o] F7st12-14].

B dAollAE fess REe7]E ol&dte] CCVDHReR BaunRHE AT o
AFE-% = Co-Fe-Mo/ALO; Zulle] #|ZZ71[metal loading (Cot+Fe+Mo), metal molar ratio
(Co/Fe), additive mass ratio (gca/ge)]l W2} carbon yielde] W3le} A HE EAhyYweF/H
62]%]—‘/] 1%]‘:@]_ 371,1—2]-0}_03]:]_‘
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Experimental

CNTs gAdol|l AF83F= Co-Fe-Mo/ALO; 1= combustion®dHH &2 A| 238} th F o]
'li(Co-i-Fe-FMo)/] SheF2 30-70wt%, metal molar ratio(Co/Fe)™= 1-57} %% Cobalt(1I)
nitrate  (97.0%, SAMCHUN), iron(Ill) nitrate (98.0%, DUKSAN), ammonium molybdate
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(98.0%, DAEJONG), Aluminum nitrate(98.0%, Vent
SAMCHUN)E 717} Aste] gomle] ZHol %9 e

o o2 ANE mgow Zule kel loge] ¥ =] e

= AL Jzow A X AR ]

Combustion®Hol| 4 dAxw=E  AFE-¥+= Citric acid

(99.5%, DUKSAN)9} =1l 9] mass ratio”} 0-0.6(gca/gear) —Fumacel
o] %% gastol Arkslch. 2tkel 2AAA A
Z3 ELANS 550C 2 %04 30837 AxAZ

Furnace
controller 1

==

LPG
. Aang Fol Amel mFHo] = H, N A el EEIN ]
o 7S H R oyt HEFH 02 powder T EHI Y s (T, K
oz A9 & 9 T .
Azd Zv) oA 45-150um 79 2o 2g= At
g3te] A7 0.05mo]iL %°] 1.0 m¢l FEZ g7 Grommmebex
(Fig. DelA CNTsE A8t fres whe7le] Fig. 1 Schematic diagram of fluidized

specification ©] 2] Son G[9]°] AW3AT. 7]A|
22 bubble cap types AF&3FAIL carbon source
7tAol A-d MM F7EA(LPG)E AHESFSIT
g7 WH-o 371 AlAsH] 93 Nze Fwotth7b Rkg7] Wi &E7F 750TC =
33l LPGS Ho2 ZHZF 1500cm’/min® 2ol 5 A 1A17H5¢ CNTsS A ZA Z ok A
= & s S o&ste] Altsiith

) Mp M,
Carbon yield(g/gea) = —— (1)

My AAAEY dEolal, M= HHg3sl7] ol dold FHule o]t} Field emission
scanning electron microscopy(FE-SEM;JSM-7500F, JEOL)S ©] &3} 34 H CNTs9| A<
ek al 1407190 A8 SAste] A EES} HAdAES AATh

bed reactor which used at synthesis of
CNTs.
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Results and discussion
Fig. 2+= metal loading®] ™-& carbon yield®] W& o} AFAE9] A} Hluls}o

semilog plot= &FATE 1 Ao 4] metal loading®] 30-70wt%= 57}t @] carbon yielde

Sl A% wan. oldl@ AL

A9 W} e o AFA5e Az we

ANME FAT + AT F =4 F

dolgsel e davheRnst 4| - .

Fd e e Ak Aot o] 8 . « 3, @

W dolg&e el ol uA I RN

carbon yield7} 5 7F8FS Tk ; 1% Z cT = Thie sty
Carbon yieldi= metal loading®]°l%:= £ ° 7 v Leta

CNTse] HkH-&2%9} carbon source«] T Y o Lidtal

Fol %S W=tk Son  S[9] ° 3 Tagotar

1073-1223K] &1 9] o] A] oFgh o T

carbon source(CHs, CoHp, CoHs, CoHe)E 0w w w0 @ o

/\]__Q_ o},cq MWCNTs = %L}B] o}‘}j\ 1;]. ‘i]l‘% Metal loading (wt%)

Z5E7F 1073K1 Z=71ol Al CoHy, CoHg,
CH; <ol 4] C,Hs2] carbon conversion©]
71 ki, CH4e 7A-$-ol= 1223K9l
Al 74 =2 carbon conversions H.¢l

Fig. 2 The effect of the metal loading on the carbon
yield; Table 1 shows the experimental conditions used

in various studies.
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Table 1 The conditions of the prepared catalyst and synthesized CNTs in various studies.

Catalyst Metal Co/Fe . Prepared Catalyst | Gas feed | Reac. | Reac.
. Additives Carbon . .
Ref. Metal |S ot loading | molar eca/en ] method of source loading rate Temp. | time |Symbol
etal 1Supportl - riorr | ratio | ECMEE L catalyst [g] | [scem] | [K] | [min]
30-70 1 CA[0] *Com LPG 2 1500 1023 60 [
This study FSI\(/)IO ALO; | 30-70 1 CA[0.60] *Com LPG 2 1500 1023 60 A
30-70 5 CA[0] *Com LPG 2 1500 1023 60 ()
Li et al. _ 5-15 - N °Co CH, 0.05 60 723 60 v
Ni Ale} b
[16] 5-15 - N Co CH, 0.05 60 823 60 O
Shajahan c
ot al[17] CoMo | MgO 5-40 - N Imp CoH» 0.02 10 1073 30 )
17-30 - CA[2.30 ’C CH 0.2 50 1273 2 4
Tang | oMo | Mgo [2:30] om 4
et al[18] 12-22 - CA *Com CH, 0.2 50 1273 | 2 4

*Com : combustion, °Co : co-precipitation, ‘Imp : impregnation
CA : citric acid

Fig. 3 The SEM image of CNTs synthesized using Co-Fe-Mo/AL,O; in fluidized bed reactor.;
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W3t skl o

A3 o| A metal loading(Co+Fe+Mo)= 70wt%, additive mass ratio(gca/gea) = 0.602.%
SF3l metal molar ratio(Co/Fe)s 1-52 T7HA7|WA A3 FulE o] &3t F5s
S710 - SaryeFHE AU S W carbon yielde 2113%-1244% 2 F+A43ls e
Bt ol# 3k g Fig 1914 %= &0& 4= At} Additive mass ratio(gca/gea)”F 0°]
metal loading(Co+Fe+Mo)©| < 7}&Hell e} metal molar ratio(Co/Fe)7} 181 Z7o] 521
AR =2 carbon yieldE YEMAT
3t metal loading(Co+Fe+tMo)S  70wt%, metal molar ratio(Co/Fe)= 12 I317g3}al
additives mass ratio’} 0-0.602.2 F7FA|Z S W, carbon yielde 835-2113%°.2 S 73l
B3-S Bl oldd o= Fuje AxHAAAA S F Uvt Citric acidE 33
THFE AL 823K 2molA 3087t AaHES AXNWAM C, N, H AR 7|35 o]
dolzbal 7)ol FAHET. 71w P4 Fuje HEWAS S7HA71AL o= CNTAH
of st do] PA== WA SIS 9| gt

Fig. 32 "] U], metal loading(Co+Fe+tMo)2] S 7o M FAE BAvefFH O A4
H3lE YERJ &= SEM image©|th. Metal molar ratio(Co/Fe)< 1, additives mass ratio(gca/gear)
= 06002 AT ZHo| A metal loading(Co+Fe+Mo)©] 30wt%, 40wt%, SOwt% = < 7}3}
HA] cotton type®] H|Eo] F7lstes EEa S0 4 ok

oo riT K
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Conclusion

3¢ MWCNTsE %2 &2 945 F 9
= 3319 th. Metal loading(Co+Fe+Mo)¥}
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citric acid®] vl ti¥] ZA&o] F714E metal molar ratio(Co/Fe)”} 7445 carbon
yielde= S71ele A4S EAt. o] vhol% carbon yieldo] FTFE 5 Q219 =Z carbon
source®] &, gas(carbon source) feed rate, =%, FAHAIF 5o AUARF metal loading
¥ citric acid®] Fvl thH] Aol thE QRlEol vty F FFS T AS SN
t}. Metal loading(Co+Fe+Mo)©| 5 7}slA] bundle type®} cotton type ol 4] cotton type<]
Hl&o] S7tshes Eaa st
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