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Process development and properties of carbon nanotubes

assisted by various micelle-incorporated catalysts
Student: Yiu-Chen Liu Adpvisors: Profe Cheng-Tzu Kuo

Department of Materials Science and Engineering

National Chiao Tung University

Abstract

In order to synthesize the small sized carbon nanotubes (CNTs) or single-walled
CNTs (SWNTs) on Si wafer, a process was successfully developed by microwave
plasma chemical vapor deposition (MPCVD) with CH4 and H; as source gases; using
Co, Ni and Fe as catalysts; SiO,, a:Si, AAO, and a:Si/SizN4 as buffer layer materials.
Where the catalysts were prepared,bysmicelle method, and followed by H-plasma
pretreatment to obtain the well-disteibuted nanoparticles. The CNTs were then
deposited on the pretreated specimens in MPCVD system. The deposited nanostructures
and properties in every step of the ‘process were characterized by SEM, TEM, EDX,
Raman spectroscopy and field:emission J-E measurements. From the experimental
results, the following conclusions can be drawn:

About the catalyst-embedded micelles preparation, the results indicate that the
reducing agent and its concentration are two important parameters. The following
solution was found to be able to obtain ~2 nm sized catalyst-embedded well-distributed
micelles: toluene (solvent) + 10 wt% CTABr (surfactant) + 0.005M MCl (metal
chloride) + 5M NaBHj (reducing agent, concentration of [BH ]/[M*'] =3:1). Regarding
the H-plasma pretreatment process, the results show that the process temperature in this
experiment might be too high. This is why that the average particle sizes after
pretreatment were much higher than the metal particles in the micelles, though they are
much smaller than the conventional PVD methods. On the main process parameters
during the CNTs deposition, it includes catalyst and buffer layer materials, pressure,
H,/CH,4 ratio, and deposition time. By comparing the diameters of CNTs with the
particle sizes after H-plasma pretreatment, the results reveal that 5~15 nm with 19 nm

for Co, 5~20 nm with 23 nm for Fe, 10~20 nm with 16 nm for Ni catalysts, respectively.
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In other words, the tube sizes of CNTs are not correlated with the particle sizes after
H-plasma pretreatment.

Regarding process conditions to obtain the CNTs or SWNTs with smaller sizes, it
indicates that AAO buffer layer material in combination with Fe catalyst gives rise to
the smallest tube size (~ 5 nm). This may be due to its nano-sized pores on the AAO
surface to cause the nano-sized extrusions on the catalyst surface to assist CNTs growth.
In terms of field emission, the following process conditions can result in the best
properties (Turn-on field strength of 0.1 mA/cm® = 2.0 V/um): Fe as catalyst, a:Si as
buffer layer material, higher system pressure (24 Torr), proper deposition time (6 min)
and lower H,/CH4 ratio (50/5 sccm/sccm), where the current density is beyond the
instrument limit, i.e. > 35 mA/cm®. The corresponding nanostructures with the best field
emission properties are well-aligned bundles of CNTs with 11 ~ 25 nm in diameter and

~ 10 pm in length.
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