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Fabrication of various carbon nanostructures by using different catalysts
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Abstract Carbon fiber has many potential applications in a wide array of fields of solar cell, fuel cell, batteries, and
polymer matrix composites due to an exceptional mechanical properties and chemical stability. In this study, the effects of
catalysts on the property of carbon nanostructures grown on the carbon fiber were systematically investigated. The surface
treatment of carbon fiber and catalysts synthesis for carbon nanostructures growth were carried out by one-pot ELP method
and thermal CVD, respectively. The surface morphology and crystal structure of carbon nanostructures were examined using
a field emission scanning electron microscope and transmission electron microscope. Depending on the type of catalysts
and the molar ratio, various types of carbon nanostructures like carbon nanotube, carbon nanofilament, carbon nanospring
and etc. were synthesized on the surface of carbon fibers surface.
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Fig. 1. Schematics diagram of experimental equipment for synthesis of carbon nanostructures.



Fabrication of various carbon nanostructures by using different catalysts 135

AELS AASE 3[9], =H]E ELPEY9] dip-coatings}
o Bl ZebE(Pd) B YR ©NI), AHH (Fe,0;)
FEH=AAEG)E FAIATE ELP &9 242 o
=3 2t

- Pd F-AS =2 [(PACI2 : 1 ppm) + (HCI : 3 mI/L)

+(HF : 5mlL)J; pH 2.0

- Ni FA=FY: Uyemurar}

L ZAolA ZebE(Pd) ELPO AlH-S- dip-coating/
dry 85 vHEsho 22 Aol deks Wedat
E #dsA 348 & ¢ Jon, FFRUEE AT A
ok g YA NI bedRke dAE 38E R g
A e M 38E BEPd (A EXE B4
A2 UANi) ELP Ao 100°Ce] ZAatelA  dip-
coatmg ste] Pk
22. € 387

1’4521 (Thermal Chemical Vapor De-
position)S ©]-&3 B

ERAUETRA slo| By

SR BT 2AE FA6] flske] Fig |
4 3}8717d52H(Thermal CVD) AH|E o|-&3}
o ¥ A AEE AFE 5 = Quartz tube,
Heating coils ©]-83F 71E=E, 7[ER29] 25 2HE
4 = control box, Carrier ¥ Reactive gass 3w
% 3= MFC(Mass Flow Controllen)Z A% o] )
FEH=AAE 7 348 g8HF AlES EFEGY
IAAZ FH o] 80cm, A7 Sem =

Tkl ¥
719] quartz tube el B, 72| 7H~(Ar) 2 RESA
gele] Tldme] ers @

7}(C,H,, H,, Ar, N)E 5

4 2 7] 7idsie] BT 2AlE S
tH16]. 71829 2% =4S 98] k-type thermo-
couple’} digital thermal sensor controllers ©]-8-5FSItt.
AlHS 7HER] AESE & Ar 7F2(500 scem)ZE HES-
_9_7]:?_ jH_‘%] _9_7] o]—.__ Ar -r-ﬂﬂi U}E_r/}%’ 0]6‘ }
dR2e] 2EE 500°C7KA gEla, AIE EWe f71E
59 EvE AA 2 S0 $hS 98l H, 7E=E 100
scem TUstA A7 FF A AAHS ATk

[12]. A ¥ALS vzl & davert2AE 8]
et HdRe) EE 550°CR 28], Z7te] whgAg
7S o e HS(CH,:Hy i Ar:N,=1:5:35:

23)2 MFCE o|gslo] 7ldz ¢tom F&Tt [8,

15 E}g\_q._,_q.zxﬂe 61/\—1 0}7] H-o-]- -61-/\—1 A]7]- 3~6
o2 AsIY. AT R2AE FET ¥ CH,

7k29} H, 729 F9L WFA Ar, N2 1:99] H]&

2 Zgete] EEFHA deos WzkEith. At N,

7kl =YL S W A 5 fdEE 3] 4

ETEESE sAbegxAe] 54 9 3udE |

A= AL 92 5 IA "=oH1o, 11, 13, 14, 19]. 34

H =724 FE-SEM(JSM-6700F, JEOL, Japan),

TEM(JEM 2100F, JEOL, Japan) ¥ BET(BELSORP

mini 2) AL o&st FERZH EAS IRISKA

[17, 20].

7] $8iA=
Al SFAACE St} 7]. §28F 3-8 AES Fig. 3(a)
Z B35 125 7RI 7] e o

IHAQl FEUYRl I WHQl 23 E ¥ (sputtering)

52 3517’52 (chemical vapor deposition)[21-25]

o WHoEE BAe] 11 ol dde =

SN E e A8 7T [tk

A W o] 7hetst
B

i

& FH(ELPH)S olgato] vRaAlfdel #deh &
s 7HE FHE YA %ﬂH)g st gk
TEAE ] AT FE AREE S5U=dA

£ Fe,0,, Co, Pd, Ni 59] 9}_&], 2 AFolM= 54
HE ol g3l ARl Fe,0; Pd, Ni FUIYPAE
P S 2AE FA 53] ELPH %

Jul Mol HlwE 9)8le] EARMGA] Fe,0, Lhe
A

2k 82?1 TPA(Isopropyl alcohol)ol] €al 5

Fig. 3. SEM images of (a) as-prepared carbon fiber, (b) carbon nanostructure on carbon fiber with Fe,O; as a catalyst, and (c) carbon
nanostructure on carbon fiber with Pd as a catalyst.
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Fig. 4. BET results of carbon nanostructures on carbon fiber
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