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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 CNT 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
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optical micrographs of UV—vis specimens added 0.5 wt% CNT
fabricated using (a) homomixer; (b) three—roll mill: gap mode;
(c) 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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Figure 6. Experimental transmittance data of CNT—epoxy com—
posites for various CNT concentrations (0.01, 0.05, 0.1, and 0.5
wi%) at wavelength of 480 nm.
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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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uhe SEM whdoln|AE BojFtt
Homomixer?+& o]838lo] F118 -, g #to] 0.2 oJokz s

HACE Uehle, oo ONTZE 2450 0 A8 SEM o)u)
AzBE gl 4 9it)y Tl & 139 three—roll mille] #4k

SF g glol A ¥ Adet CNTE 4A7}F oAl
ZFelt T RS Rl 4 9, ol CNTS 72 #4ks ©
&A= three—roll mill#h 22 788 Avelg ol435H Bahbio]
EHARE Y53 F= FHolt. Three—roll mille] #4857} 5
7¥el wiet g gk B3 SRR 19 goE sk A ¢

i
=}

i
ek SEM ofuirlei BEo), BAk8l47} 53], 1032 F71g) uh
2} ONTS] Fbdehs v dRyslo] et 714 dlel] fdsiAl &
FTohe A& FoEh 4 9k

Figure 10& ES8 AT 4 b 2 H& 5% IR S 01831 o



HBauyBr My pia YyrBagee Ay

kst CNT F=(0.01, 0.05, 0.1, 0.5 wito) o)) thsh Aok 2oz A)
WE R ZHel Ags dlaslel BeE BE ONT %5
W A Fas A3 Altgle] & dAsls 2g 18 = gl
o} ol EREEHS B FoE v FHEE 29 3 AR
REg olgsle] BAEE BBk W]l CNTY) #4kdele)
A 7ol o] AEES BT Aol T 018 Tgapd,
CNTe] ®ideol W& 49 4aadA EFo) 7V, CNT
BaAR Y] 3870kl g 715atA & Aotk

>

2

il

1 Y
jiiied

ol

2 B

B Aol B39 (UV-vis spectroscopy)& o188 CNT
AP A7 At BEARe) 2AREE WrtskaA) sigitk CNT
o} et FAZE AALE Fheo] 3k solx)i=s Z10% ONT #
FAEC] 7)E Beer—Lambert 22 A40] 7153 AL sl
o} 3 Beer—Lambert H2& 383101 CNT A9} Babgel v
spol] et Baeo] Mgl 5T 5 ot 2y 3 AeEy BAb
% 7} QAR AAEISICE CNT FAVde) ol nhet ¥4
EHlelxe] Uv—vise] o8] 55 48 vde] Zvish) g
H, fE 55 QAHP 2R A BANE 7} QAR wqlslel 24z}
9] ONT 3 A5, Eakdelelre) Hibes g3 ow 7}
siglom, Fy 237 ¥4 SEM A TES £ Akl sle] 2
g BRlslck

ZAR] B B AT I PAATE B ARATAY] U]
3} A7AR AR AR Ao aEglon, of
of) ZARE U

o

)
HE
[
%
o
"
2
<
[$31

. 8. lijima, Nature, 354, 56 (1991).

. K S. Novoselov, A. K. Geim, S. V. Morozov, D. Jiang, Y. Zhang,
S. V. Dubonos, 1. V. Grigorieva, and A. A. Firsov, Science,
306, 666 (2004).

. J. Sandler, M. S. P. Shaffer, T. Prasse, W. Bauhofer, K.
Schulte, and A. H. Windle, Polymer, 40, 5967 (1999).

. H. Im, H. Kim, and J. Kim, Po/vmer (Korea), 32, 340 (2008).

. S. H. Song, H. K. Jeong, and K. Y. Gu, PolymerKorea), 34,
108 (2010).

. J. Zhuy, 1. Kim, H. Peng, J. Margrave, V. Khabashesku,
and E. Barrera, Nano Letters, 3, 1107 (2003).

. C. E. Corcione, M. G. Manera, and R. Rella, Mater. Sci. Eng. C,
29,1798 (2009).

. H. Yang and D.—H. Park, The KIEE, p.185—186 (2008).

. J L, P.C. Ma, W. S. Chow, C. K. To, B. Z. Tang, and J. K.

- Kim, Adv. Funct. Mater., 1T, 3207 (2007).

10.

11.

12.
13.

14.

15.

16.

N. A. Siddiqui, E. L. Li, M. L. Sham, B. Z, Tang, S. L. Gao,
E. Mader, and J. K. Kim, Composite: Part A, 41, 539 (2010).
7Z.K. Chen, ]. P. Yang, Q. Q. Ni, S. Y. Fu, and Y. G. Huang,
Polymer, 50, 4753 (2009).

C. Chen and A. B. Morgan, Polymer, 50, 6265 (2009).

P. Ciselli, R. Zhang, Z. Wang, C. T. Reynolds, M. Baxendale, and
T. Peijs, Eur. Polyimn. J., 45, 2741 (2009).

Y. Zhou, M. L. Jeelani, and S. Jeelani, Mater. Sci. Eng. A,
506, 39 (2009).

S. H. Kim, W. L Lee, and J. M. Park, Carbon, 47, 2699
(2009).

J. D. J. Ingle and S. R. Crouch, Spectrochemical Analysis,
Prentice Hall. New Jersey, 1988.

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



