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Abstract: In order to maximize the performance of polymer nano—composites, it is essential to understand

an effect of a dispersion state on material properties as well as to achieve highly dispersed composites. In

this work, a simple quantitative approach to evaluate the degree of dispersion was suggested for carbon

nanotube (CNT) embedded polymer nano—composites. Through UV—visible spectroscopy analysis, the

transmittance of nano—composites was measured at various dispersion states and it was found that the

transmittance reduced as the dispersion state of CN'T improved. Based on the results, an effective con—

centration factor for quantitative evaluation of dispersion state was introduced into the Beer—Lambert

transmittance law. The proposed method and parameter to evaluate the degree of dispersion were verified
by analyzing the transmittances at different dispersion states of CNT, concentrations of CNT and sample

thicknesses.
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Figure 1. Schematic diagram of three roll mill and operation
modes of three roll mill (a) in gap—mode; (b) in force—mode.
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Figure 2. Schematic diagram of Beer—Lambert absorption of a
beam of light.
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Figure 3. Schematic diagram of CNT dispersion states and
optical micrographs of UV—vis specimens added 0.5 wt% CNT
fabricated using (a) homomixer; (b) three—roll mill: gap mode;
(¢) three—roll mill: force mode.
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Figure 4. Transmittance spectra of 0.1 wt% CNT embedded

epoxy composites in the wavelength of 300~800 nm as a
different dispersion state.
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Figure 5. Experimental and calculated transmittance data of (a)
0.1 wt%; (b) 0.5 wt% CNT—epoxy composites for various thick—
nesses of 0.05, 0.10, and 0.15 mm at wavelength of 480 nm.
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Table 1. Calculated Values of a, b, and f Using Experimental Data
of Transmittance at Thickness of 0.15 mm in Figure 5
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Figure 6. Experimental transmittance data of CNT—epoxy com—
posites for various CNT concentrations (0.01, 0.05, 0.1, and 0.5
wt%) at wavelength of 480 nm.

& Stk

CNT &2l 2 EIE. Figure 62 kst CNT F%(0.01,
0.05, 0.1, 0.5 wWt%) & 85+ CNT—ol%A] 524 E8=9] force
mode AJO|E o] st Fals Aujoln, e AZo] FA1E= 0.15
mmZ 1As] A3 0 cycle b4 o750 CNT=
714 952 neat epoxy 2] FHwE YERATE Z121e] CNT g0l
A three—roll mill®] 2157} 7Kl wiek CNTE] 24 4%=7F
o] Fart sl 2te & = ok 58] ONT 0.01 wt% 2
739~ three—roll mill®] force mode®lq 2] =2 At oz <ls)
1 A3 5 AolE9] Bt gfo] & AjolE HolR] gb=Z10% 1’
o}, 5 Ap|Fe] Halko v w Ealt glo] FRsh= Hujo] HakdElE
A& &= QI B3 CNTY] 57} Sl wet Ao Fakdeje
FHshE FHEE 3k AolE St STk 2l ER1E S Sk

T1E)ar ok Adrgaigisze] ol At Alell CNT7F €4 ake Qlvtkar

Polymer (Korea), Vol. 35, No. 1, 2011



64 SRR IE S

R T e
[0} \ H
e —_—_—,—,—,——,—,—,,
© : ; :
€
2]
c : ; ;
0001
y = 0.9973e20954
T
>
0.00001 ! i
0 0.1 0.2 0.3 0.4 0.5

CNT concentration(wt%)

Figure 7. Log plot of transmittance spectra of CNT—epoxy
composites at the maximum dispersion state for various CNT
concentration (0.01, 0.05, 0.1, and 0.5 wt%).

. . . L] & &
&
5 :
A *
S 08 =
8
c L]
kel
©
= 06
z L)
3
s
®0.01 wWt%
o 04 o
o = 0.05 wt%
= 404 wt%
8 +0.5 wt%
5 o2
L4
—
QU
0 H
> o) @ @ @ Q@ Q@ Q@ o Qo
3 < 5] 5] o o o 3] o o
s € & & & & & & 38 T
2 S - ©®© w»vw ~ o vu 9o Q
8 £ - ~ I3 ')
S
P4 I

Figure 8. Effective concentration factors (f) value of each CNT
dispersion process using homomixer and three—roll mill for
various CNT concentrations.

R Slov olule] 15 55 A9 10] 15

Figure 7-& Z12}e] gizolld Hof Bl = a8 5= A gl
#re] 1el4<] %454 AYE CNT =9 g2 14—15]—14] =8

Tl A A (1)} o] ONT 557} Z718tkf| ule} x4 a4
A o7 Thidhs e vERith THel Hizo] st Skl
i} FEe] ghol 4 (1) 7 2 0121“5‘]"5 73Fe Kol o= At
Eo) HFAR] HyRIAEHA & 5 A g Faides F Ko
T Aok B3 ol Faee] FARE Tk} 2ol =
g g qlom, o]F okl Aof tijfslo] 389 A a bE e T
Slom, =EH g b 3 7—]'7—1' 0.008, 60.7°]3]tt.

Figure 8& ‘3]' Fsl CNT %%EolA homomixerS E3 B4k
three—roll mill®] #AH15=]] [q‘a T S A 5) v
o7 ARk fE s% A pol ArE vERAL §loH, Figure 9
£ CNT 0.5 wt%E X3t o ZA] B39 ti322]Q] Aol

EgH, #3548 A1E, 2011

CNTO0.5wt%
1 cycle

CNTO0.5wt%
Homomixer

- z
~-CNT aggregates

-—

X10.000 WO 7 Benen

CNTO0.5wt%
10 cycle

" CNTO.5wWt%
5 cycle

Figure 9. SEM images of 0.5 wt% CNT embedded epoxy com—
posites for each dispersion process using homomixer and
three—roll mill.
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