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Fig. 1. Schematic of a CVD reactor for carbon nanotube growth. (Sketch by S. Yarmolenko from
NCA&T State University)
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Fig. 2. Substrate design: (a) Substrate design for growing of CNT arrays; (b) AFM
images of iron clusters on Si/SiO

2
/Al

2
O

3
 multi-layered substrate prepared for CVD

of CNT arrays.

Fig. 3. SEM images of CNT grown on ceramic particles and or Si substrates: (a) bulk synthesis of “spaghetti” type CNT on powdered MgO
substrate coated with Fe catalyst; (b) 50 mm CNT array grown on patterned with Fe nanoclusters Si; (c) 0.5 cm long CNT array grown on Si
in collaboration with CVD Equip. Inc. by an UC optimized process.
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Fig.  4. CVD system for CNT growth: (a) controller and furnace, (b) quartz tube in furnace.

Fig. 5. UC plasma system for CNT purification

 (a) (b) 
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Fig. 6. TGA of a CNT array synthesized and purified at UC. Starting mass of the CNT
is 3.371g.
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Fig. 7. SEM images of “as grown” SWCNT on alumina particles supported Fe-Mo catalyst patterned on Si
substrate: (a) SWCNT at magnification of x 130,000, (b) SWCNT grown between catalyst particles at
magnification of x 50,000.
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Fig. 8. ESEM Images of CNT arrays grown at UC by CVD on a multilayered Si substrate using
Fe catalyst: (a) CNT array on non-patterned substrate; (b) Selectively grown 0.5 mm towers
of MWCNT on patterned with catalyst substrate. Growth conditions: 200 SCCM of H

2
 flow,

200 SCCM of C
2
H

4
 flow, 100 SCCM Ar flow through a bubbler with water, 750 C growth

temperature, 30 minutes growth time.

Fig. 9. High Resolution TEM images of CNT synthesized at UC: (a) MWCNT with 15-20
nm outer diameter and 7 nm inner diameter; (b) Double wall CNT found with about 5 nm
diameter.

Fig. 10. Internal structure of the CNT by TEM: (a) Multi-Wall CNTs with encapsulated
catalyst particle; (b) Lattice structure of the catalyst particle is visible.
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Fig. 11. Raman spectrum of CNT grown at UC from alumina supported Fe-Mo catalyst on a
patterned silicon substrate.

Fig. 12. Raman spectra of aligned CNT arrays.
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Fig. 13. CNT array: (a) 1.4 mm CNT array with (b) alignment shown schematically.

Fig. 14. Large area CNT arrays grown at UC with a novel substrate preparation approach and
CVD process: (a) The UC logo made by selectively grown CNT array on a Si substrate; (b) and
(c) Large area CNT arrays grown on a Si substrate.
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