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SUMMARY

I. Title
Fabrication of carbon nanorod from the irradiation of proton beam on carbon

nanotube and characterization of its resistance variation

IT. Purpose and Necessity

Feasibility of the fabrication of the carbon nanotube network by proton beam
irradiation and the fabrication of the transparent electrode by carbon nanotube
network 1is confirmed. Present transparent electrode fabrication method is not
appropriate for the required conductivity in application in comparison of the ITO
(Indium Tin Oxide). In the study, carbon nanotubes are dispersed freely on the
glass and the welding between carbon nanotubes are used for the new
technology. This method may maintain the original conductivity of the carbon
nanotubes and decrease the contact resistance generated by the poor contact
between carbon nanotubes. Basic study on the collision between the particle and
carbon nanotubes such as the size, energy and dose of the particle is required.
These results will provide the feasibility of the fabrication of the transparent

electrode using carbon nanotubes.

M. Contents and Scope

Fabrication method of the transparent carbon nanotubes film on the glass with
the transparency of 50 ~ 80 % and the sheet resistance of 500 ~ 2000 @/sq is
developed based on the established study of the enhancement of the conductivity.
Deformation of the bundle-type single-walled carbon nanotubes are analyzed with
the variation of the energy transfer in the carbon nanotubes by the variation of
the dose of the 10 MeV proton beam. Construction of the variation of the
conductivity of the carbon nanotube network and the variation of the transparency
of the glass are used for the feasibility of the fabrication of the transparent

electrode using carbon nanotubes network.



IV. Results

Transparent carbon nanotubes film are fabricated using spray method and the
sheet resistance and transparency are controlled by the control of the quantity of
the dispersion. Accumulated energy on the carbon nanotubes are controlled by the
dose of the 10 MeV proton. Proton irradiation creates defects on the carbon
nanotubes by particle collision and the recombination of the defects generates the
decrease of the diameter ts generates the decrea. Ejection of the cates tfrom the
carbon nanotubes generates not only the formation of the connection from the

carbon nanotube but aleo from the carbon nanotub bundles. These connectionsf

the diameterresistance between carbon nanotube networks and 2.5 times increase
1s measured. Although the electrical conductivity is increased by the proton
irradiation, sulfuration of the glass is increased. Variation of the transparency is
caused by the positive ion irradiation and the transparency is decreased with the

dose due to the increase of the energy transfer on the glass.

V. Applications

Mechanism of the structural deformation of the carbon nanotubes is investigated
with the analysis of this study. Control of the deformation of the carbon
nanotubes such as damage and welding 1s achieved and this i1s used for the
enhancement of the conductivity of the carbon nanotube network. Enhancement of
the conductivity of the carbon nanotube network by welding influences on the
fabrication of the transparent electrode using carbon nanotubes. Proton beam is
used for the post treatment of the spray coated electrodes using carbon nanotubes
because proton beam can solve the weakness of the spray coating method.
Optimization of the synthesis of the carbon nanotubes and development of the
control of the structural deformation of the carbon nanotubes are based on the
variation of the conducting and semiconducting properties of the carbon nanotubes.
This will provides the feasibility of the commercialization of the carbon nantoubes

in the application.
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Information of Particle Ecag Type of Deformation

Ar ion, 5.5 eV, ) .
9 0.3 ~ 0.9 eV Incompletion of re-closing of SWCNH
2.1 ~ 6.3 nm
Ar ion, 5.5 eV, .
” 4.3 eV Re-closing of SWCNH
31.5 nm
Electron beam, 300 keV, 0.08 08 oV Non-serious defect with shrinkage and
- .08 ~ 0.8 e
7.2 ~ 72 nm inter-tube linkage of SWCNT bundle

Ar ion, 7.5 keV, i
16.3 ~ 32.5 eV Amorphization of SWCNT bundle

95 ~ 190 nm™”
Ar ion, 90 €V, w |
9 693 eV Thinning and breaking of SWCNT bundle
780 nm
N; ion, 70 eV, . .
5 2199 eV Wall and tip opening of MWCNT
4680 nm
N; ion, 150 eV, ) .
5 3038 eV Breaking and rupturing of MWCNT
4680 nm
E L 94 A g8 BAGRRRE PHRD Qi Bavt Qi B uAe] 0E wa
UrFE A9 T
AI% TRIM AARA A2 8E 10 MeV, 2 x 10" em * $4# 9 2419 44 3
2 20 nm ©¥ gavheRn chire)A o O‘x} F ouA EHS o 96 VE =
S, olZRE B AP AMEH A} 279 10 MeV, 8 x 107 ~ 2 x 10° em* %A=
W 2 A BadeRRE PASE B2t 9 B UAsL oF 384 ~ 960 eVE
A&, 2AFF 8 x 107 em? o] A vavnfrE FASE @At A B uA
7b o 384 eVE 9UN EabeFu thiel mAgAsst F2 delih} hefy EW
o £4e A BFHA Fom o= 1Y 9b)E T3l AW, RAF] 2 x 10“ cm °®
B8 2 x 10° em?o 34945 BUW SaeRy g 476 £%she] dwe] o
AUA H o= E 1=RE dFdE F Un 1Y 9o~ (@F FAA oF FAT &
. ol W AR B oohuet A W A gelE Fokel A Al 9 v
HrRue Wegs 4@ F dgon oz y dqud ¥ AP 5 U4 24 WSS
2AgoEA Barbeine W Aol A5y AT & AU

25



& o g
w o B X
kel T e B oo % 5
o ofy e N 7 3 T
% ﬂn.ﬁ &re EW_ .,WWM X0 )i . Bo _z_ﬂ _A.._ 3 \_.,mo
do|o g W m Wy < 50 il o o 3 =
%%ﬂ%% Ur,im,]e__ﬁ %ﬂﬂrﬂ G
—_ - I~ N LO "3 [
éigrwef iv@qu RS BN moxoﬂ@wu%%og
L R T 2 oy o - A7 o T W%
f | 1 Mi] R . ol %Pﬁ 1 %o
aoigw%n_x - yMao ﬂaooj%ﬂ %Egﬂﬂw;w«ﬂ%
mi%%%@ﬁ%mmoh poEr Ittt
. T o3 = S o o = T g2 K ™ 3| i
B < dm N o £ w M W
og.kiﬁ 1025 e " o = o
m o o N , e P T o W | &
E_mﬂ,}o, — X 7 S ~ o ok = oy B
p MA%7§2hﬂ ,A%&éﬂ,% - Miév@
oo M oy 70 o N o [ o TNk S A v
ﬂ%1gomj¢4 L Ax N }w;;o}1ur_sg
3 < or LE E %o o = Koo < = B = X < —
X o o 1 oK N e g
= T S < ] o A o H =0 X No ol = ™R
W < E s 4 0 T Toal V2 . X ol
%0 S U T Ewﬂﬂ% = N
i = £ 5w ™ 4 =R T
S <0 ° T X T w TN AF
= 2 = o K = NI
_ = R w ° o
G i = -
01_ ‘Lwﬂ ) ZIW MW~z 0 :IAE —_—
G M:ETN <o R R =
< = _— I
o %H%x mm i meﬂwaz S
i x - 4 Wo oy = i B i = —
N W &) o w3 N Z S
ET T T — X0 ﬂv.*l EW il ﬂka = ﬂH._ ‘Jyl N T = E.E n XL ,_lmvu ol
H_ vl e 50 B i a ﬂ.‘_ h o oW 50 T N ﬂl HL =% L EH ‘B ~
" U\ o ~ Gl | o EL 0 F O p U ﬂw u%' h@ o ~ X
Limﬁaﬂ%wgﬂa = A =% Uy
H wE T T Bk R o <0 oA il How R r
22 = i i N R W 7l H T U a E u m = T
o AW X ET_]r}Vo_ iﬂ@@ﬂ%%
%M . o == o EM%%_ ﬂiﬂ%%
o © ma@% kL i = N
Bo ‘mﬁ ! oF Lmo s Z‘.ﬁ 5 C._ Nro :i E_E 3_| X0
TR o o - 3 1 — = do 1 = b <
iy Erdaﬂ " }aoevhﬁ ﬂ% <
W o= AR v il T = o
ol T B° %0 e o
O_ —_ A ‘UI e el l1
< B o TS o 9 W o :
s X4 ol o w X°
o 3
Fo <4 T o R
mue [ N
w7 m7_m

26



ofell M 7]

ol g3t we ¥

o
s

E
=

olelz FxH, 4714, 7144

o
03

o
]|
i

oF
X

sl

[e]
s

E
=

Al A o= 7hA

ol

]

5 71Ee

A A=

i

24g 9

2Ab A

2AY

B
o
Nfo

)
—

A YA, 24

Aol E,

-

fite)

o

i

B

TR

27



"0

o
Gl

o)

g

-

14,

[

A% U G 2Abe]

al7
)

BEg=

T

)
pad

718k 1 ¢

1

o
ik

o

B
w
S

el

R

A=

ol

_
o

o] o137 7}

=]

T

=]

g = o

4

L

—_

yH
a
)

—~
i)

B ol o] &8

R ER RE)

24,

G
_Ea

]

oj

-

IR s

o

]

o

HEIENE ROL

2~ 0] &
ToomTmE .

[oig
=

Jo
_

-
1

B

S

28

o] &

KN

AL



o
& o]

o=
=27
O~ 3L

A

] %

&
LS

dip coating ¥}

[e)

R

=

Fo] 19 83} 7ol

Bl Song® AT+A

)

Q)
=+

tod polyethylene(PET) 9l th

o

1

0,
H

M 6

T oF K A o
TR e B
do  n- o ﬂMo 03
g X OB
Lol o [
Ms 9& B9 o
m T "R
ST T o
o ™ —_ —
a8 BN
L
EREE
Wm % iy 1| o . 2 N MAJ_H H_m B
0 | L _ by s T E o~
%0 ol e e s e g H £
LB o = : S = OE o
op of Mr oL = o W o K
N lgg o & &
3= 4N i ,R o o Y
E < ﬂor e —~ o < - J.v
7 <) o = 4 5 o ¥R EﬂT
— ~
i i 780 _rﬂ 1| % p o ~
N [y F;.H loo i mp 4y}
M c],_ ] Lw ~ 2 3 g W o
N ~ 0 1 =
w %0 o5 2T T
= T W - Ltz &8 H & _
,._mooﬁel, ) P T 1 1 [ T TP TP TP TP TP TP | ‘W_n:;o,_
ET 0 E o =) m =) o= o e O =) [=] =) [=] =] =] 3 ﬂ:
Lo P % 8 G BEERERE T
OL = —_ . —_
% T IO 0/ / JUBYJIWISUBL |, L 2IENDS {5 / 2oUB)SISA 120§ L
= 7 ALL Wy H W %A
ETRAR  a=
70 %_ TN
3 Y
ET ,@l Wl., T O#
B % TR«
oo #0° To
R Ho ofi
B °© R O
. R
CUCICRCT |
oF o Ij OF._ o
JJ m o o
Mo & N o

29

} [6].

=]

A s



M7 & susd

[1] V. A. Basiuk, K. Kobayashi, T. Kaneko, Y. Negishi, E. V. Basiuk and J.-M.
Saniger—Blesa, Nano Lett. 2, 789 (2002).

[2] B. Khare, M. Meyyappan, M. H. Moore, P. Wilhite, H. Imanaka and B. Chen, Nano
Lett. 3, 643 (2003).

[3] D. hecht, L. Hu and G. Griiner, Appl. Phys. Lett. 89, 133112 (2006).

[4] M. Kaempgen, G. S. Duesherg and S. Roth, Appl. Surf. Sci. 252, 425 (2005).

[6] B. B. Parekh, G. Fanchini, G. Eda and M. Chhowalla, Appl. Phys. Lett. 90, 121913
(2007).

6] Y. S. Song, C. M. Yang, D. Y. Kim, H. Kanoh and K. Kaneko, J. Coll. Int. Sci. 318,
365 (2008)

30



	표 제 지

	제 출 문
	보고서 요약서
	요 약 문
	목 차
	제1장 연구개발과제의 개요
	1절. 연구개발의 목적
	2절. 연구개발의 필요성
	3절. 연구개발의 범위

	제2장 국내외 기술개발 현황
	제3장 연구개발수행 내용 및 결과
	1절. 연구개발수행 내용
	2절. 연구개발수행 결과

	제4장 목표달성도 및 관련분야에의 기여도
	1절. 목표달성도
	2절. 관련분야에의 기여도

	제5장 연구개발결과의 활용계획
	1절. 추가연구의 필요성
	2절. 타연구에의 응용

	제6장 연구개발과정에서 수집한 해외과학기술정보
	제7장 참고문헌

