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Growth of Highly Purified Carbon Nanotubes by Thermal Chemical Vapor Deposition

mESR -HEI-&xE -2’ -mErE® o ®HY xoowt
(Jae-Eun Yoo - Jung-Hoon Park :+ Dae-Won Kim - Cheol-Jin Lee - Hee-Kwon Son *
Dong-Hyuk Sin - In-Gi Moon)

Abstract - We have grown carbon nanotubes by thermal chemical vapor deposition of CzH2 on catalytic metal deposited
on silicon oxide substrates. Highly purified carbon nanotubes are uniformly grown on a large area of the silicon oxide
substrates. It is observed that surface modification of catalytic metals deposited on substrates by either etching with
dipping in a HF solution and/or NHs pretreatment is a crucial step for the nanotube growth prior to the reaction of C;H:
gas. The diameters of carbon naotubes could be controlled by applying the different catalytic metals.

Key Words :

1A &

gAUxFEE ¥ NECY ljima WAale] g3 Hx=2
A7 AYE o8 A 4T Rug o FE[1], &4
UrfeEe A7iAY2]e v Rt P 3], &
3 etr) 43 add], el HF 5], F3Er]45A6-9]
59 I PHez #4gdo] d3He g dAUxFE
dlA Frie] ©AYzE 349 tE didxet AgHo
A &7ty HF FHE o2} ek HHF Fo|gd o]
g ¥3 48 29 F Fo|& ¢d UuxfE T E
L& UxFRE gus £o] ¥ FE E2 U e
%g Zm ok oG UxFHHR F2E ofE K
ol F7o] BE & Ywmgly £¥ Yrny JEZ
=3 Z7} ot @AULFHE J#melE Hol T
o wets F45% 2 A7l =AM (Amrchair 7&)
74 A7\2 31 M= (ZigZag FZ)7F H7E @b E=FH
agele W e e gEgA dFd UxfFE
(Singlewalled Nanotube), ©ZF¥ uXxfH(Multiwalled
Nanotube), ™23 Y xFH(Rope Nanotube)& FE3}7|%
gl 38 daAUxFEI BEASAY LS JEdTE dF
Ax ol9oE BAURRFHE 47 oz ENwow

Hje o g

rir

k& B EBK SBHNTEN . I
‘@ B BUK ERETEH - Bt
U HE B BLK BRI
S T e B :mlkx ERETEH SIS I8
¥ o g 8 BLA TRISHN BALRE
Wk g B EEBA SBHBTEH Bg - TR
"k @ B SENBEGE RERER

B HFE 200066 48 21H

B#5ET 1 20008 12H 3H

sty A S Ao o8 DET EtaLi-REO ME

vaURE, dasrl4Ey, 2SS, BUAT,

=38 vizAe e EAE JiE Alde]l wIHAY
[10].

2000 A A= AR Aldels CRTY HE ¢]9
A 23, nEE, ALAFE FHe2 3= FED(Field
Emission Display)7t JAth ArRuxEeojizz aA F
£ g3 3l FEDY ¥{471&L& FED tip 718713 A
729 A sded, ol A = dEd H(Si tip)oly B
ZrEd Y(Mo tip)& F2 A 23 YA A &
A7 el doze 7hFE] ASHAME YAl &
2 Nze AgE ALY "o g A2 g2UxFE
€ FED tipg AH&steie d77 Iy ez &usiA
A5 o), @GAUYXFHE 224X HT 2 d5AA
S8 AE B& VHEARE d& & Uk 23AA 9
A A Fad BAE ARAY FAE ol AF} A R
£& Folv Zelth A AEHIT Ut F2FFEFT
A gAeFEE H43E 9 F N 23 BE O4F
Al g gle] AR diE, $48 AR, xES AFH
5 4% o5y AXAF &0 7ldHER YA -
Akt FFEARE HAE F ok d8AAE 5T B
FaARLFE FHAAG Fed FaruUFEE A
7t g B9 olvE FH U £48 AFZE 5+ e I
o] @WolA w9 AFY Ad AFFYol Hojurt ukebA
SAUEfFHe ¥ FH F4E AP AFAY AxA
A2 AHEE AS, 2 $8E9E AFAE MR 4F A
299 o Eelel vigEA AL £ dohlll] =8 &
2YEFHE 4% A7ATEd JAJREE o&sd
STMolYt AFMS® Tipe 2 Al&o] 7153t ofgd UnFH
B mAZrNE ZuAA2HY vA 4, 20A Ho]
x odx FYFA Fo HEo] sFE oM E BA
UefFBe ta2EA7]5E ofste a9 A
Ao Az} AP E o} &% T4F g8 FXY ¥

649



ERREIHEE 49C% 1248 2000%F 128

o

2rM9 &&= Zji€Ech[12] 28y ol $&E& 4
T IR BAYEREE dF2E NE F Qoo
gavefEe Holg A& 2-eY, dihunF
AHEA 223 £ gle 71E€S ALk ¥ a3
o] gaUuxFHE A AP gaux=REY
T oA dFgdlelan ¥ dhyxREe] g
T4l B3I Aol AFAHE] A
AEFAJTGLE AT dhaUxRFE] A%F A
T A4 HFe 2ol oA ¥ e FH ]
CFANYger AFEY dLUxFEE tFF Hesiel

T3 A& 71w Fe 4% dyd @ 71#14]1¢
) dsAger FEA 4 7 FH a3
ot 22y ol A T8-S AF WHerE MNEY A
gzl UF Bfstan dSo] g3 EFAME 739
Z7de] dAA Wol VAT AT 7|AAANMY FA4l
ulE 4Fd gLuxfEY AFzdAEs Eositt £ 4
TFoAME d7Igh dejel XY ) FFHAEE o’
Bl e HEE HZ g gde AAH
¥ URE 7MY d2EHE0] HE dayxfFE 4
of thate maatmzt @t

-

ok o

-

A

>

3

ST A
=]
ey
o

[+3
([

4 H o
1l

kvl

t}
s}
4

2.4 ¥

d] A 3to] 10~20Q2cm P-type[100]9] Aa& 7190
A7b 300mme] BARS TS AR 28 AFF AV
Abgste] A @ Abstubgle] Ao IWE EE UA
AEE 10° torr o)8tel A F74 oF 100-300 mZ F&=
ZAAAY 283 UA EvIHute] ZIE ARELS
ety F&uzke) H&5HE FAAF7] 98 FARAA
400C 8 =AM 208 5 o2 EH7idA 4949
ANEch dA7 @ AREL MY HFEYAM 10
0~400 sec B¢ FMEELE AA4AN F HYHE F
22 st MYEES CVDY B¢2 Yz FJol Yy
o zElz vA CVDY #EEE 850~900T 8 LE7|
A, A2oA HdALEAX ZgdeE B¢ WHEE
WiolA Zujg&atel AEE 97 Y84 o2& JI2E
FFDn BEL2Ee g% o o2& Jtiae Fax
opAEd JtAE M2 WEE EHF d2uUxFHE
AAN T owrgEel 57} 426 29 & w7 A

sz 12E FAEAT

ty 18 = g ao mu

3. 830 ¥ 3

)
o,

28 la)e A& 4Asigdd madE F&Ide] F
ANE2E HF &9 300sec T EHVS 423 & g}
FEHE A3 Al5e AN A Apzet), o] AlgE 90
0CAM ot2A 7128 208 $¢ 15sceme @ F A
giUxREE AFANAT AFE davdxeREe v
Ao A 7dsA AFHUD olg 22 AEE Ho
At =2 7|H AW oud ©xFAEEFR TAHR &
U ARY YFEEL MZ HHd9 HEdo THAed
UnfFHo EREE Y ¥ Ub)e HF £99
250sec F¢ A F B@HAULFHE QAN UFE

_—

a

650

o] Apzlojt}, 300sec ¥+ HF dippinge ¥ A -%-¢ v|£%
Lee gavefErl AFHAT. HFE YA 200sec &
o FHETE H74E £ UxFEE AR A8 AS
g 2 le Hole AAH ZLEY e il
b A ARAEHR gkn dLAEFEe] /@A HA
EEHolde Adolrt. Zvjgd&£%E HF &AM 250~
300sec ¢ EHAHYE & AL YxFE/ Zigddd A
H nE=2 FUEA AFEHAATN 400sec T EBA
E 8 A HugsYe) BF AA4H0 YnFrIl 4%
A @t HF 89 &olA Zolg49E EUAEE A
o] ZolF&ute) TAg YHYT BAVL USE ¢ F 3
o, 28y 200sec ¢+ HF dipping ¥, ¢E24Yeo} 712&
850CoNA 108 F<¢ 300sceme FHFUA EHAHYE §
A4 39 Hd)olH BRo] Bxrt AAE Zad FeAwt
AU HE7 A5

3 VBN AR dhUxeRH
SEM ARzl
(a) HF &9 300 %<t A4 (b)
HF &9 2502 < A4A83%h (c) HF
e 2002 ¢ AZANEEE HF A
ol FAEFE AU FEI AZEHRA &
2 tAld gagdEEEe] AAHUG. (d)
HF &9 200% T A F olojq &
EYol Fh2elq Az A

Fig.1 SEM images of carbon nanotubes on
Co—coated silicon oxide substrates with
the surface treated for : (a) 300sec HF
dipping and (b) 250sec HF dipping and (c)
200sec HF dipping. No carbon nanotubes
were grown for the shorter dipping time
but instead carbonaceous particles were
deposited. (d) 200sec HF dipping and NHj

pretreatment at 850°C for 10 min
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Fig.2 SEM image of nanotubes grown on
a  Ni/Co-coated

silicon  oxide

substrate.
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Fig.3 The surface morphologies of Co metal

layers coated on silicon oxide substrate,
treated for (a) 200 sec HF dipping and (b)
300 sec HF dipping and (c) treated 200sec
HF dipping and NHa pretreatment at 850C
for 10min
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Fig.4 TEM images of carbon nanotubes grown

on Co-coated silicon oxide substrates.
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Fig.5 Raman spectra of carbon nanotubes.
(a) Singlewall nanotubes catalytically
synthesized with a Ni-Fe mixture by arc
discharge. (b) Multiwalled nanotubes
synthesized by arc discharge. (c) Carbon
nanotubes grown by thermal CVD.
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