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Abstract: The structural analysis, thermal and mechanical properties, and morphology of outdoor silicone rubber-mod-
ified epoxy/clay nanocomposites with various nanoclays were investigated using XRD, TEM, TGA, DMA, UTM, impact
tester, and SEM. Nanocomposites were prepared by reacting cycloaliphatic epoxy resin with silicone rubber containing
an amine group and an anhydrous curing agent, and then mixing them with nanoclay. All properties increased when a
small amount of nanoclay was added to the epoxy resin. The results of structural analysis showed that the nanocomposite
using 20A (hereafter C20A) had the best exfoliation state, and the ash content and thermal stability (IPDT) in TGA were
excellent in the order of C30B > C20A. In dynamic mechanical analysis (DMA), the storage modulus (£") was the highest
for C20A = C10A below Tg. The flexural strength and elastic modulus were the highest for C30B, whereas the flexural
elongation at break and impact strength were the highest for C20A. There was no significant difference in mechanical
and thermal properties according to the type of nanoclay, but among them, C20A showed excellent balance in heat resis-
tance, mechanical flexibility, and impact strength. The morphology observation results showed that a rough surface was
created when the nanocomposite was fractured, which absorbed the impact energy. Therefore, it is thought that by adding
a small amount of 20A nanoclay to an outdoor silicone rubber-modified alicyclic epoxy resin, an epoxy composite with
excellent weather resistance as well as improved thermal and mechanical properties can be manufactured.
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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) hardener
(HJ5500); (c) silicone rubber (DC3055); (d) accelerator (2E4MZ-CN).
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Figure 2. Chemical structures of nanoclays used in this study: (a)
Cloisite 10A; (b) Cloisite 20A; (c) Cloisite 30B.
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Figure 3. Schematic illustration for the preparation of epoxy nano-
composites.

Table 1. Composition of the Nanocomposites (by weight)

Sample  (Epoxy/Silicone rubber)/ Nanoclay
code Hardener/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 4. XRD pattern of the nanoclays.
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Figure 5. XRD pattern of the nanocomposites.
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Figure 7. TGA thermograms of the nanocomposites.

Table 2. TGA Results and Decomposition Activation Energy of
the Nanocomposite

Smple Resdul T T £ amon O]
COo 2.03 350 423 198 382
C30B 4.66 331 419 185 391
C10A 4.31 342 416 181 387
C20A 4.56 340 419 181 390
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Figure 6. TEM micrograph of the nanocomposites: (a) C30B; (b) C10A; (c) C20A.
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Figure 8. Kinetics of thermal decomposition of the nanocomposites
by using Horowitz-Metzger method.
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ol Ao sttt WA 4= AA L= 7703 37
o] Fo& FGojum, 4,8 AA L& Tl B o}
AN 4,5 W ol A= WA L= AP%E
ek A A oA (4,+4,)S Al2)g WA ot}

Figure 102 Ui=Zd|o] F57ol w2} Doyle?] 4]0 -3t
IPDTS} Horowitz2} Metzger 452402 413t 443} oUiR|&
7 =AY 7 ieF ol 7 JH7EEA] 9
73% B} IPDTE S71she 43S 19l vhdel d&2s) &
233} oUA|= #Hashe ANk A3ks YeRlQlT). IPDT &
7} 241= C30B > C20A > C10A > C0 =02 3|Hake] 7
$-9} 79k}, AR A3} uR e FARES Aoz bt
SEEE AYsly] wliel] L gho] Eohw AAl QRS A
s 257k vhom AgAo|x] ). &, ukgo] Youpy]
Qe Hate] ouR] A dojok sl7] wliol] L Holl=
GESNE HI/HE 4 gloh dbde IPDT= EX3A A 7%
717} o} 7HE 271HE Wk F8 F IEo] W o7t



g gole] el W §918 AduE 27 JHE oFAEwe] el S84, 71AH 24 ¥ BEEA 361

3
co

=3 ——— C30B
o C10A
g ——==— C20A
w 2]
=
=
°
<}
=
@
oD 1f
i
i)
w

U i i

50 100 150 200

Temperature (C°)

Figure 11. Storage modulus of the nanocomposites.

MR 9] A dolgE widste vh ol =EFHE= d A4
St AF7 HElE 582 RoEr web IPDTVF &
& 243} oy Bt
A ¥k wekdc),

SHEE SM. Figure 11 YieF o] TR0 w2 e
Hobo] AARETAe L% o)FAS o) A3l
wEgH) o] AFEAEL We 2o e et 7SS
Ho|3 glov} £57} 2713t wat 100~150 C Ao]e] &
TSN F43] AR o= AA| W (network)yS
TR A BEES] 540l S8l AETT s
HQ7] WiEolt}. 35 T FZoH AAEAEE-S vlws] 2H
UeFgolg XA &2 4= 9F 1.85 GPasl ®HHe

EEIAE 2.2 GPa o132 E OF 20~30%2] F7HE B
3L C20A = C10A > C30B > C0=0| T},

Figure 12:& 25X 1slol| mE 7Hi&(damping factor, tan 5)°]
HlE HofFarl ok 7k aEApde] fEldolel sgE=
a 93} 9371 127~138 C Alelellx] HF= AT W3]
735 WeFeolZt WA $& - Hot of 7~11 T7HH
sotth. 93] $iA= dolems} vl = C0>C30B >
CI0A = C20A 0|t} o= & P FitolA Awsh
ulel 7ro] thirFgole] €4 EAES Gier ¥ W2 48
el whet e B3 ¢] 749 o] wE G o]27] w&
olgtal A= QTh e 39| Eol= YB3 A o] 497t

re
re
4
lo
1
a2
2
inj
&
e
o
=
e
oX
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Sample code T,- DSC (C) T,- DMA (C) E’ at 35 C (MPa) E'at T, + 30 T (MPa)
COo 128 138 1847 18.1
C30B 120 131 2184 18.3
C10A 116 127 2444 18.1
C20A 117 127 2445 17.6
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Table 4. Mechanical Properties of the Nanocomposites

Sample Code Flexural Strength (MPa)

Flexural Elongation (mm)

Flexural Modulus (GPa) Impact Strength (kJ/m)

Co 130 10.1 3.22 13.6
C30B 141 10.1 3.59 14.0
C10A 138 12.9 3.43 13.6
C20A 138 123 3.54 14.2
14 i
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Figure 14. Displacement of the nanocomposites.
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Figure 16. SEM micrograph of the failure impact surface of the
nanocomposites: (a) C0; (b) C30B; (c) C10A; (d) C20A.
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