K5 BB No. 23 (2004)
TR =R T F 2 —T O EEA OB
Development of Rapid Growth Technique for Vertically Aligned Carbon Nanotubes
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For vertically aligned carbon nanotubes (VACNTs) , rapid growth with the rate
of 64um/s by feeding C,H, gas for 1.0s is achieved by chemical vapor deposition
at atmospheric pressure with a catalyst of iron films. The key is to feed the carbon
source gas with a high rate increase of the concentration at the beginning stage
of the growth. The resultant Multi-walled CNTs are well crystallized and have an
average diameter of 15nm. The most provable mechanism is that the exposure of
the catalyst to the highly concentrated carbon source gas is required for effective

cap formation, which is a crucial process to grow CNTs.
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Fig. 1 Schematic diagram of (a) the CVD reactor used
in the experiment and (b) the specially designed valve
system using two electromagnetic three-port valves. The
valve system has minimum duration of 0.1 s for the pulse
flow.

Table 1 Growth condition of VACNT by CVD.

Flow type Typel, 2, 3
Substrate temperature  (°C) 700

Flow rate of C,H, (sccm) 60

Flow rate of He (sccm) 200
Feeding time of C,H, (s) 0.1, 1.0, 10.0, 30.0
Amount of C,H, (co) 0.1, 1.0, 10.0, 30.0
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Fig. 2 The flow sequences for flow typel (a) and flow
type2 (b).
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Table 2 Growth conditions of CNT used for simulation.

Flow type Typel, 2
Substrate temperature  (°C) 700
Flow rate of C,H, (sccm) 60
Flow rate of He (sccm) 200
Feeding time of C,H, (s) 10.0
Amount of C,H, (co) 10.0
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Fig. 3 Time evolution of concentration of acetylene
reaching the substrates for flow types 1 and 2 with the
acetylene feeding-time of 10s obtained by theoretical
calculation using the finite volume method shown.
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Fig. 4 Cross sectional SEM images taken for VACNTs
prepared by flow pattern 1 with acetylene feeding times
of (a) 0.1s, (b) 1.0s, and (c) 10.0s.
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Fig. 5 Average length (height) of vertically aligned
CNTs estimated from SEM images as a function of the
acetylene feeding-time for flow types 1, 2 and 3.
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Fig. 6 The magnification of cross sectional SEM images
taken for vertically aligned CNTs grown by feeding 1s
(1cc) GHa gas using flow type 1(a) , 2(b) and 3 (c).
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Fig. 7 TEM images of individual vertically aligned CNTs
grown at (a) 0.1s, and (b) 20 min for flow type 1.
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