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of ZA4t ‘3! 5o =g f?i FHSe] SA4S SHsIiTh ONTeF Z2e2le] HnlE 1112 Al ballzt vhedAt
o] S 15:12 sh L AIRE 3-5AF sl W) ONT-2 ¥ sfolHe|= whiedzke] H# 9] Hatdat

=717¢ O*OWE} Ak /\F%& 739 A & W] HAdAlE 0.5-1.7 pmel 3L AEA 55 Axg $9
FHAT ZHS 10°-10' Q/sqe] Aol CNT-Z#jH slo]HE= WS o] 83k Ak gale] Haaar|e
300-400 nmo) 2. A=A HELS A3 Fo] FUAF 74 10° Q/sqelem, HaFUA=717F 200 nm®1 73-$- 10°-

-0 =27\

10° Q/sq7t LojRict.

Abstract: In this study, as a coating agent for a conductive film, CNT-graphene hybrid nanoparticle, which is a composite
of carbon nanotube (CNT) and graphene, was prepared according to the content ratio of the ball and nanoparticle and
the milling time. The optimum average particle size of the CNT-graphene nanoparticle was obtained when the CNT and
graphene content ratio was 1:1, the ball and nanoparticle content ratio was 15:1, and the milling time was 3 to 5 hours.
When only graphene was used, the average particle size in the dispersion solution was 0.5 to 1.7 pm, and the surface
resistivity of the conductive film was 10°-10'° €/sq. The average particle size of the dispersion solution using the CNT-
graphene hybrid nanoparticle was 300-400 nm, and the surface resistivity of the conductive film was 10* €/sq. The sur-
face resistivity of the conductive film was increased to 10°-10° €/sq for 200 nm of hybrid nanoparticle.

Keywords: carbon nanotubes, graphene, hybrid nanoparticle, conductive film, sheet resistivity.
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Figure 1. FE-SEM images of graphene and CNT-graphene hybrid
nanoparticles by ball and particle weight ratio: (a) as product
graphene; (b) and (c) graphene; (d) and (¢) CNT-graphene (milling
condition : planetary mill, 200 rpm, 5 hrs).
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Figure 2. Average diameter of graphene and CNT-graphene hybrid
nanoparticle versus ball to powder weight ratio (0.5 wt% particle
concentration, milling condition: planetary mill, 200 rpm, 5 hrs).
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Table 1. Particle Size in the Dispersion Solution of Graphene
and CNT-graphene Hybrid Nanoparticle According to the
Ratio of Ball and Nanoparticle, and Sheet Resistivity of Con-
ductive Film Coated on PET Using the Solution

Ball to Average Sheet
Samples Particle Diameter Resistivity
Weight Ratio (nm) (Q/sq)
Graphene® 15:1 553 2.56 x 10°
60 : 1 1782 4.95 x 10°
CNT-Graphene 15:1 286 2.92 x 10°
60 : 1 290 3.44 x 10°

*Average diameter and sheet resistivity of received graphene were 640
nm and 1.46 x 10" (€Q/sq), respectively.
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Figure 3. Sheet resistivity of PET conductive film using 0.5 wt%
graphene and CNT-graphene hybrid nanoparticle dispersion solu-
tions by ball and particle weight ratio.
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Figure 4. FE-SEM images of PET conductive films using graphene
and CNT-graphene hybrid nanoparticle dispersion solutions by ball
and particle weight ratio: (a) As product graphene; (b) and (c)
graphene; (d) and (¢) CNT-graphene (milling condition: planetary
mill, 200 rpm, 5 hrs).
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Figure 5. FE-SEM images of CNT-graphene hybrid nanoparticles
with ball milling time: (a) ball to powder weight ratio=15:1; (b)
ball to particle weight ratio = 60:1.

EESS 2 5 AT 2 A0S ¢ 584 1007
3 Azl= ONTSF 2gj3e] 22 dajo] Ealdhs &2 4= 9)

t}. Figure 5(b)e] ¢ CNT-z2¥ A= A7 LS A}
218 BH B3} Qixle] HE-S 1512 g Ao} rR IR R
CNT®} 22f¥lo] 531 FH2 EAlste= 28 & F Utk 3
AlZF 1S 9= 2 2 3 FHE SAISHEE o
- CNT7F 233 59 2ol9e 2S & 5 Sl 5A%F
Dt AL B gEjEle] B2 dado] 3x7F WA B
oo A R 2 9}1 U A7 o g 104174
A= ONT9F 289 53 Ol SAIZF WA B}
*ﬂ‘oﬂ@% = CNTQ‘r aa 719] sfo]He=sto] 9}

A B3 Jrte] vl Uy AlZke] AdekdA|e] At 2
3t 2 Afeal= 1510014 SAIZRR1 Ag-olx] 2 &

>~

1o
[
£
ME,
AW
i
jins
N
X
K
oM
i,
g
1
.ﬁ
e,
ot
1o
=]
p

2
oot

537

—&— Ball to powder weight ratio = {15:1)
©  Ball to powder weight ratio = (60:1)

600

400 -

200 A

Average Diameter (nm)

Milling time (hrs)

Figure 6. Average diameters of 0.5 wt% CNT-graphene hybrid
nanoparticle dispersion solution with ball milling time.

Table 2. Particle Size in the Dispersion Solution of CNT-
graphene Hybrid Nanoparticle with the Milling Time and
Sheet Resistivity of Conductive Film Coated on PET Using
the Solution

Average diameter (nm) Sheet resistivity (€/sq)

Milling

time Ball to particle ratio Ball to particle ratio

(hrs) "5 60 : 1 15: 1 60 : 1
1 383 262 2.02x 10" 2.83x10°
3 411 209 340 x 10* 493 x10°
5 286 290 292x10° 344 x10°
10 201 224 1.07 x 10°  6.22 x 10°

Average diameter and sheet resistivity of received graphene were 640
nm and 1.46 x 10" (€/sq), respectively.
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Figure 7. Sheet resistivity of PET conductive film using 0.5 wt%
CNT-graphene hybrid nanoparticle dispersion solution with ball
milling time.
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Figure 9. FE-SEM images of PET conductive film using CNT-
graphene hybrid nanoparticle dispersion solution with ball milling
time: (a) ball to particle weight ratio=15:1; (b) ball to particle
weight ratio = 60:1.
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