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Abstract — Vapor grown carbon fiber (VGCF) nano-materials such as carbon nanotubes and carbon nanofibers were
directly grown on the surface of the stainless steel mesh pre-treated by reduction. The reduction of the stainless steel
mesh by hydrogen formed small catalytic particles and large particles with bi-modal distribution on the metal surface.
When the VGCFs were synthesized on the reduced mesh, carbon nanotubes (CNTs) were dominantly grown from the
small catalytic particles without supplying hydrogen gas. However, carbon nanofibers (CNFs) were dominantly grown

from the large catalytic particles with hydrogen.
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Fig. 1. Schematic diagram of experimental apparatus.
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Table 1. Reduction conditions

Temp. (°C) Time (min) H, (scem) Ar (sccm)
0
200
600 10 400 1,000
600
10
600 20 400 1,000
30

Table 2. Synthesis conditions for growing carbon nano-materials.

Temp. (°C)  Time (min) C,H, (sccm) H, (sccm) Ar (sccm)
0
200
600 10 10 400 1,000
600

Fig. 2. SEM images of a stainless steel mesh and its nascent surface.
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Fig. 3. SEM images of the surface of a stainless steel mesh calcined
with Ar gas of 1000 sccm at 600 °C for 10 min.

Fig. 4. SEM images of carbon nano-materials upon the mesh calcined
with Ar gas of 1000 sccm at 600 °C during 10 min. CNTs are
grown at 600 °C for 10 min when the flow rates of C,H, and
Ar gases are 10 and 1000 sccm.

Fig. 5. SEM images of catalytic sites or particles activated by the reduction with H, gas of different flow rates, (a) 200 sccm, (b) 400 sccm, and (¢) 600 sccm,
at 600 °C during 10 min. Ar gas of 1000 sccm is supplied as a mixed gas.
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Fig. 6. SEM images of catalytic particles activated by the reduction with H, gas of 400 sccm at 600 °C during different reduction times, (a) 10 min,
(b) 20 min, and (c) 30 min. Ar gas of 1000 sccm is supplied as a mixed gas.
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Fig. 7. SEM images of carbon nano-materials grown from catalytic sites or particles on meshes activated by the reduction with H, gas of different
flow rates, (a) 200 sccm, (b) 400 scem, and (c) 600 scem, mixed with Ar gas of 1000 scem at 600 °C during 10 min. CNTs are grown at 600 °C for
10 min when the flow rates of C,H,, Ar, and H, gases are 10, 1000, and 0 sccm, respectively.
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Fig. 8. SEM images of carbon nano-materials grown from catalytic sites or particles on meshes activated by the reduction with H, gas of different
flow rates, (a) 200 sccm, (b) 400 scem, and (c) 600 sccm, mixed with Ar gas of 1000 scem at 600 °C during 10 min. CNTs are grown at 600 °C for
10 min when the flow rates of C,H,, Ar; and H, gases are 10, 1000, and 200 sccm, respectively.

Korean Chem. Eng. Res., Vol. 44, No. 6, December, 2006



568 1} A]

Fig. 9. SEM images of carbon nano-materials grown from catalytic particles on meshes activated by the reduction with H, gas of 400 sccm and Ar
gas of 1000 sccm at 600 °C during 10 min. CNTs are grown at 600 °C for 10 min when the flow rates of C,H,, Ar, and H, gases are 10,
1000, and (a) 0 sccm, (b) 200 sccm, (¢) 400 scem or (d) 600 sccm, respectively.

Fig. 10. TEM images of carbon nano-materials on meshes activated
by the reduction with H, gas of 400 sccm and Ar gas of 1000
scem at 600 °C during 10 min. Carbon nano-materials are
grown at 600 °C for 10 min when the flow rates of C,H,, Ar,
and H, gases are 10, 1000, and (a) 0 sccm and (b) 600 sccm.
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Fig. 11. SEM images of carbon nano-materials grown from catalytic particles on meshes activated by the reduction with H, gas of 400 sccm mixed
with Ar gas of 1000 sccm at 600 °C during different reduction times, (a) 10 min, (b) 20 min, and (c) 30 min. CNTs are grown at 600 °C for 10
min when the flow rates of C,H,, Ar, and H, gases are 10, 1000, and 0 sccm, respectively.
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Fig. 12. SEM images of carbon nano-materials grown from catalytic particles on meshes activated by the reduction with H, gas of 400 sccm mixed
with Ar gas of 1000 sccm at 600 °C during different reduction times, (a) 10 min, (b) 20 min, and (c) 30 min. CNTs are grown at 600 °C for 10
min when the flow rates of C,H,, Ar, and H, gases are 10, 1000, and 400 sccm, respectively.
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