3 a2 a d (% d 4 ]
%ﬁmmmuwuﬁ ﬂ1§ﬁ\1lﬂ§1$ﬂﬂ®u11uﬂ’li‘]J’E]“LJ‘]JHLLNH‘I/]E]\‘ILL@Q

Tagasmsanazaulomnidrsanusou

Y a
RIEY UNANMYUHIA DY
a Y a ara 4 o
USayan Imnmaasuniuge Wandilszgna)
dal a a d aa J a J
91138 NS Ineniinus A3. WANY A9 10
U )
UNNAED

@ g 4 1 as a9 9
ﬂ1§ﬁ\1lﬂi']$ﬁ1/l@ﬂ'ﬂll‘ﬂ']3‘U't‘)u‘llULLNUVI’O\‘]L!@QIﬂﬂTﬁﬂ'ﬁﬁﬂﬁgﬁilvlﬂlﬂﬂﬂﬁﬂﬂ'ﬂﬂﬁﬂu

9 < a a LA a o 1 =& = Y
ﬂ”lﬁ“l/lﬂﬁ@\ﬂ"b’!ﬂaﬂ uninag Llaziﬂﬂﬂﬁ@ WUAZALAFAVULHUNDILAT "'INW]?EJ‘JJI@EJGlGD"J‘ﬁﬂ'Iﬁ

s A N4 Y o o I s I
ﬁ‘].]"liﬂﬂﬂ')'m@ﬁﬁﬂﬂ 12 kV LLa’Jlﬂll‘]Jﬁ\Hﬂ'i'I$°Vi“I/]’l’)LﬂIUﬂ"Ii‘]JfJuGlu‘UiﬁfJ'Iﬂ']ﬁfoiJsUfNLLﬂﬁ

a

s o ax A O. =22 quo ' @ % v an
B1TNVULASNIFOSLIFNAU NYUNIN 750 °C G]f\ﬂ“]f@@]i']ﬁ')ﬂﬂ]@\‘lllﬂﬁ@?ﬁﬂﬂu@@uﬂﬁi’]glcﬁﬂau

u

A9 100:10, 100:5 LAz 100:3 Naaansaoun Na1lumsdunsIzy 10, 5 uaz 3 WA UdIRY

a o 4

A, A o ) (a s Y Y, ’a d '
Lll'@u1NEW]ﬂﬂ!C'V]VIﬁ'\?Lﬂ5'l$Wﬂlﬂvlﬂf]mi"Ig‘Viﬂ’JfJﬂﬁﬂ\1i]ﬁWﬁﬁﬁu@&ﬂﬂ@iﬁ]ullﬂﬁﬁ@ﬂﬂi?ﬂ, ’ﬁlﬂﬂ

=1 [ 9 Ia g 1 A
Tﬂiﬁiﬂﬂ‘Wﬁx‘lﬂHﬂi&%?ﬂ, ﬂfd’E'J\1i!ﬁﬂiiﬁuﬁ)mﬂﬁiﬂulmﬂﬁ’i)\iﬂzﬁNTL!, Lﬂi@\iﬂlﬂuﬁlﬂﬂ

Q

v
Yy o

1 ad 1 a [ P J {

Tnsalall uaznaaeumstanasedidnasou wunwaasamin ldunauduleur Tuasuoun
A J a ] o A Y A ' P ~ Y
datlwnaey dulenTuamsusundluwdusey  uazvew lumsusy  Tviaduru

o ' & A Ao A o ¢ A o MY a o
AUINANIZHIN 16-190 w1 Tuwas Faudeu lunangalumsdunsizd Mld ldnannus
I Y A z = Y] [l (9 4 [ (9 an a aa [ ~
WuduSsunavua A 9as1aULNED1S NBUABLNADZIFNAY 100:3 Haaaasasun a1l

Y] 4 ~ [ == 9 [ 4
MIFUATIEN 3 19 Al nasuueIT UL NAYDY D-band 1Az G-band AatefULNS 14 tag
1 $ 1 (Y 4 o a [ P I~ J [
1 11, Yesigainuiiiy 0.85 Werhnansusindunsizs 18 ladruilugilnsaiaailaes

ad [ ° A A ya a 3 a o
sianasouuulalon nunaum Idhdgaiin 1.8 vium Weldtininaidlunzazdad wams

9
o

d‘ 9 = 9 1Y = .
“I/Iﬂﬁf]‘]J“Vlllﬂu Nﬁﬂ‘]&lﬂl%‘ﬂ@ﬁﬂﬁWﬁﬂﬂﬂa’fNﬂ‘]Jﬂf]Hid]sU’ﬂﬂ Fowler-Nordheim



Thesis Title Synthesis of Carbon Nanotubes on Copper Substrate

by Thermal Chemical Vapor Deposition Method

Author Miss Buppachat Toboonsung
Degree Master of Science (Applied Physics)
Thesis Advisor Dr. Pisith Singjai

ABSTRACT

Synthesis of carbon nanotubes (CNTs) on Cu substrate was done by thermal chemical
vapor deposition method. The experiment was carried out by using Fe, Ni and Co as co-catalysts
deposited on the substrate using the sparking method at 12 kV. The catalyst-coated Cu substrate
was heated at 750 °C in a mixed-gas-flowing tube furnance at the argon (Ar) : acetylene (C,H,)
ratio of 100:10, 100:5 and 100:3 ml/min for 10, 5 and 3 mins, respectively. The obtained products
were characterized by scanning electron microscopy (SEM), energy dispersive spectroscopy
(EDS), transmission electron microscopy (TEM), Raman spectroscopy and field emission test. It
was found that the products were helical carbon nanofibers, regular carbon nanofibers and CNTs
with the mean diameter in the range of 16-108 nm. The optimum condition for the synthesis of
the regular fibers and CNTs was found at the Ar:C,H, ratio of 100:3 ml/min and the synthesis
time of 3 mins.The Raman spectra showed that the D-band and G-band peaks are similar to those
of the graphite and the D-band/G-band intensity ratio is 0.85. The products configured as diode
field emitters have shown the turn-on fields as low as 1.8 V/um when using Ni as the catalyst.

The results of field emission test agree with the Fowler-Nordheim theory.
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