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ABSTRACT: Recently, various nanoparticles have been used for filler in polymer matrices. The particles of nano size are whether high or not
crossiink density in polymer affects the thermal and mechanical properties of one. The properties change as a result of chemical reactions between
the nanoparticles and the surface of the polymer. There are two models for nanocomposites: "repulsive interaction" and "attractive interaction"
between the nanoparticles and matrix. In this study, the variation in the curing mechanism was examined when nanosize TiO, was dispersed into
an epoxy (Bisphenol A, YD-128) with different curing agents. The results of this study showed that the exothermic temperature and Tg in the case
of the nanoparticles used (Jeffamine) (D180) at room temperature were reduced by an increase in the TiO, contents because of the "repulsive
interaction" between the nanoparticles and the matrix. The tensile strengths were increased by increasing amounts of TiO, until 3 wt% because of
a dispersion strengthening effect caused by the nanoparticles, because of the repulsive interaction. However, such tensile properties decreased at 5
wt% of TiO,, because the TiO, was agglomerated in the epoxy. In contrast, in the case of the nanoparticles that used NMA and BDMA, the
exothermic temperature and Tg tended to rise with increasing amounts of TiOy as a result of the "attractive interaction." This was because the
same amounts of TiO, were well dispersed in the epoxy. The tensile strength decreased with an increase in the TiO, contents. In the general
attractive interaction model, however, the crossiink density was higher, and tensile strength tended to increase. Therefore, for the nanoparticles that
used NMA, it was difficult to conclude that the result was caused by the "attractive model."
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bisphenol-A(DGEBA) [YD-128, = =3}8H(F)|S AH&3l61, 7
BHA= Jeffamine[D-230, =1=38}8KF)] 2 Nadic methyl anhydride
(NMA) [KBH-1085, S 3}31(F)| & AH&-shath, %8} S04
+ Benzyl dimethyl amine(BDMA) [KBH-1086, = =3}34(F)]|&
ALt

W= A= AEROXIDE TiO, P9O(Nippon Aerosil Co. Ltd)E
AHgEI e AW 4425 BYK-DIS0 & ARS8

olul, TiO,2] & 247} 1, 3, 5 wth=E 5] EE(Dog-bone)
Hl(Moon and Takaku, 2005)Z A|4}5}53 -
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Table 1 Components of TiO,/Epoxy resin nanocomposites

TiO, Curing agent (g) YD-128 Hardener TiO» BYK
wt%  NMA Jeffamine (g BDMA (g) (g (®

0 40 . 50 0.5
2185 6825
40 . 50 0.5 091
! 21.85 6825 . 0.90
40 . 50 0.5 091 181
! 21.85 6825 . 090 1.80
3 40 : 50 0.5 272 543
21.85 6825 . 270 541
5 40 . 50 0.5 453  9.05
21.85 6825 : 451 901

Table 2 Curing condition

Curing agent Curing Post curing
. 80°C, 2h
Jeffamine Room temperature, 12h o
125°C, 3h
NMA+BDMA 120°C, 1h 150°C, 3h
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B APHEe dEA] Ao 93 DSC(Differential scan-
ning calorimetry) & ARS8l Tg(frElde] £5)& S439 o
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Fig. 1 Schematic of measuring equipment to temperature of exo-

thermic reaction
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60, Shimadzu Co)& AMHE3st9om, HAaE$17] shollA AL~
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Fig. 2 Shapes of dog-bone specimens; TiO,/epoxy nanocompo-
sites cured by Jeffamine(a) and NMA(b)
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Fig. 3 Exothermic temperature for curing process used Jeffamine

Table 3 Max temperature and time according to component of speci-
mens used Jeffamine

Specimen Max Temperature (°C)  Time (min)
Epoxy 130 66
TiO; 1 wt% BYK 129 55~56
TiO, 3 wt% BYK 109 51~53
TiO, 5 wt% BYK 121 47~48
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Fig. 4 Exothermic temperature for curing process used NMA
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Table 4 Max temperature and time according to component of spe-
cimen used NMA

Specimen Max Temperature (°C)  Time (min)
Epoxy 151 42~44
TiO, 1 wt% BYK 159 40
TiO; 3 wt% BYK 165 39~40
TiO; 5 wt% BYK 168 37
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Fig. 5 Tg values of nanocomposites cured by Jeffamine
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Fig. 9 Tensile strengths of nanoparticle-epoxy resin composites
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