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Abstract: The curing behavior of silicone rubber modified epoxy/clay nanocomposites with various nanoclays was stud-
ied using a differential scanning calorimeter (DSC) and an oscillatory rheometer. The nanocomposites were prepared from
the reaction of cycloaliphatic epoxy resins, silicone rubber containing amine functional group, anhydride hardener and
nanoclay. The nanocomposites containing 30B of nanoclay had the largest amount of heat generated by DSC, and the
rheometer test showed the shortest gelation time. The isothermal cure results were well matched with the modified
Kamal's model. Therefore, it is thought that the nanocomposites for outdoor use in this study can be simulated the overall
cure characteristics by applying a modified Kamal’s model.
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Figure 1. Chemical structures of epoxy resin, silicone rubber, hard-
ener and accelerator used in this study: (a) Epoxy (ES602); (b) hard-
ener (HJ5500); (c) silicone rubber (DC3055); (d) accelerator
(2E4AMZ-CN).
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Figure 2. Chemical structures of nanoclay used in this study: (a)
Cloisite 10A; (b) Cloisite 20A; (c) Cloisite 30B.
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Table 1. Mixing Ratio of the Nanocomposites with Various
Nanoclays (by weight)

S Epoxy/Silicone/Hardener/ Nanoclay
ample
Accelerator 30B 10A  20A
Co 90/10/88/1 0 0 0
C30B 90/10/88/1 2 0 0
C10A 90/10/88/1 0 2 0
C20A 90/10/88/1 0 0 2
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Figure 3. Typical DSC thermograms of CO at different heating
rates.
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Figure 4. DSC thermograms of the nanocomposites with various
nanoclays at 15 °C/min.

EXAS| U2, Figure 3 We=F oS ?;; FropA] 22 C0
o il s2&=E s S-S A 733

el
=7 Skl w}a} °F 8

4] DSC Afol}. & 0°CH
LGS A|Zksle] 9EE WOl 180~220 °C7HA] A|&E ATt
&L 371 wWet 927t o el s 9= €14]

7HH & 2504 Yehs Ag & 5

o]¢} & A W= BFA 9 A% fAREE v 2
T TEEE 15°Cminl] el MES2] BAAETS Hlm-OP
o Flgure 4o EAlEIAT Y=g gol7t gls wETh
glolE H7ketie o =7t *ML 2E7F ANk e s Eﬂ
ol AL B F et ole WeEwol7F Mkl wet
O 52 dH9aapt AN mEA A5 Esisil7]
wjitolgtal ALRE T HE 3] ofiH S A7k tisl 4
B3l wdeks ge)sle] Table 20 231tk ©9) g &
g CO > C30B > C10A > C20A <=°]%t}. W= -gHA)

Fol e Solg olEA] Lpighle] Hskwe 9 shekpust 21

Table 2. DSC Results of the Nanocomposites with Various
Clays

Sample E, (kJ/mol) AH (J/g)
Co 60.8 304
C30B 61.9 293
C10A 60.0 273
C20A 62.4 258
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Figure 5. Kissinger plots of the nanocomposites with various nano-
clays.
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Figure 6. Degree of cure of the nanocomposites with various nano-
clays at 15 °C/min.
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Figure 7. Isothermal DSC thermograms of the nanocomposite with
various nanoclays at 130 °C.
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Figure 8. Isothermal peak time and heat of cure vs temperatures of
the nanocomposites with various nanoclays.
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Table 3. Kinetic Parameters of Kamal’s Model for the
Nanocomposites with Various Clays

T k k,
Sample o & 2 o, C
Pe oy wh o) ™M™ 7
120 4 6 0.65 0.59 0.88 0.16
o 130 13 32 091 0.18 097 0.99
140 22 58 0.85 026 0.95 0.95
150 33 157 098 046 094 094
130 14 35 0.80 0.18 0.94 1.14
C30B 140 26 126 1.00 0.54 0.92 0.92
150 25 133 0.60 0.19 0.89 0.89
160 40 309 0.82 0.39 0.94 0.94
130 24 72 0.89 0.83 0.85 0.85
CI0A 140 48 221 0.84 1.54 0.83 0.84
150 63 592 1.08 1.89 0.74 0.76
160 107 1144 1.16 2.04 080 0.81
130 21 76 0.56 029 092 0.92
22 1.02 2 . 91
C20A 140 33 5 0 0.23 090 09

150 47 401 125 051 082 0.83
160 70 1424 199 061 086 0.87
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Figure 9. Rate constants vs 1000/7(K) of the nanocomposites with
various nanoclays.

Table 4. Activation Energy and Pre-exponential Factor of the
Nanocomposites with Various Clays
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Figure 13. Gel time vs temperature of the nanocomposites with var-
ious nanoclays.

Table S. Gel Time of the Nanocomposites with Various
Nanoclays

Gel time (min) E,
Sample
80°C 90°C 100°C 120°C  (kJ/mol)
Co 922 38.6 17.0 3.7 93.0
C30B 79.9 34.8 17.3 2.7 97.7
CI0A 83.5 41.0 229 3.9 87.1
C20A 110.1 55.6 32.1 6.4 81.7
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Figure 14. In t,y vs 1000/7 of the nanocomposites with various
nanoclays.
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