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Abstract of Thesis

Carbon nanotubes (CNTSs), a kind of one-dimensional carbon material benefiting from their extraordinary
properties, have been applied in several areas. Recently, related to the application in the electronic industry,
single-walled carbon nanotubes (SWCNTs) with has attracted more attention for decades because of their
excellent electrical transportation. The defects formed on SWCNTs extinguish the mechanical and electrical
characteristics of SWCNTs. These years, high-temperature treatment has been proven to be one of the methods
for defect healing and was applied to CNT growth process and post-treatment process. In the high-temperature
SWCNTs growth process, compared with metal nanoparticles, nanodiamonds (NDs) have been used as one of
the growth seed candidates due to the high thermal suitability with containing few metal impurities. However,
the yield of SWCNTSs produced at high temperatures is low and the amorphous carbon (a-C) formed at high
temperatures needs to be removed. In the CNT post-treatment process, high-temperature annealing exhibited
a limitation in the efficiency of defect healing if there is no participation of carbon-containing reactants, which
indicates the defect-healing role of such reactants and requires further investigation.

In this dissertation, under the NDs-based SWCNT growth system, I developed a two-step growth process at
high temperatures based on cap formation engineering. Considering the change of the growth driving force
during growth, the SWCNT growth process is divided into initial (cap) and secondary (tube) growth steps. By
adjusting the growth condition in etch growth step, high crystallinity SWCNTs were obtained with a higher
yield. Additionally, water vapor (H20) injected in this growth procedure was found to be very efficient to prevent
a-C formation. Next, I systematically analyzed the effects of growth enhancers, H20 and COg, in the catalyst-
free growth seeds-based SWCNT growth system. By analyzing the growth results using different carbon sources,
C2H:z and C2H4, we concluded the etching effect of H2O. The combination effect between COz2 and carbon source
was also illustrated in the solid carbon nanoparticle seeds-based SWCNT growth system. Finally, regarding the
thermal post-treatment processes, theoretical research predicts the defect-healing effect of carbon-containing
reactants. Thus, we experimentally confirmed the healing behavior of carbon-containing reactant (C2Hs) in the
high-temperature annealing process. Compared with the SWCNTs healed only in Ar ambient, the SWCNTs
healed with C2H2 presented higher crystallinity. By comparing the healing results of SWCNTs with different
diameters, we found that the healing effect of CoH2 injection was more evident in the thin SWCNTSs (<1.1 nm).

In the nonmetallic growth seed-based SWCNT synthesis, we build the engineered two-step growth process
based on cap formation engineering, increasing the yield of high-quality SWCNTs. Besides, in the high-
temperature growth without the participation of metal catalyst, we analyzed the effects of growth enhancers
(H20 and COs2) in such vapor-solid surface-solid growth system. Moreover, we investigated the defect-healing
effect of carbon-containing reactants, which helps complete the studies about the roles of such reactants in the
growth process and post-treatment. The study of carbon-containing reactants injection in post-treatment

annealing also brings a new way to heal defects in SWCNTs with higher efficiency.
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