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Abstract: The effect of siloxane oligomer content on thermal stability and internal stress of DGEBA epoxy resin was investigated. Siloxane-epoxy
polymers having terminal epoxy group were prepared by reaction of siloxane-DDM prepolymer with DGEBA epoxy resin. Thermal stability was
studied in terms of the initial decomposition temperature(IDT), temperature of maximum rate of weight loss(Tma), integral procedural decomposition
temperature(IPDT), and decomposition activation energy(E;) using TGA data. The thermal stability increased with increasing the siloxane oligomer
content and showed a maximum value in the case of 5 wt % siloxane oligomer content in the blend system. While, the coefficient of thermal
expansion( #,) and the flexural modulus(E;) allowed us to study internal stress of the blend system. As the content of siloxane oligomer increases,
the internal stress systematically decreases as decreasing both #, and E..
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Scheme 1. Preparation of ETSO-DDM prepolymer.

Table 1. The Formulation of ETSO-DGEBA Blend

DGEBA [wt %] ETSO [wt %] Mixed EEW® DDM AEW’

100 3 18385 2699
100 5 191.05 2121
100 10 196.40 2172

*Epoxide equivalent weight, ® Amine equivalent weight
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Figure 1. FT-IR spectra of ETSO-DDM prepolymer.

d : thickness of specimen (mm)

4dp : change in force in the linear portion of the
load-deflection curve (kg

dm : change in deflection corresponding to <p (mm)
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Figure 2. 'H-NMR spectra of starting materials and ETSO-
DDM prepolymer; a) ETSO, b) DDM, ¢) ETSO-DDM prepolymer.
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o]7]4, A" :area ratio of total curve and total TGA
thermogram [ (A1+A) / (Ai+Az+As) ]
K : coefficient of A", [ (A+As) / A; ]
T; ! initial experimental temperature, (357C)
T; : final experimental temperature, (850C)
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Figure 3. BC-NMR spectra of starting materials and ETSO-
DDM prepolymer; a) ETSO, b) DDM, ¢) ETSO-DDM prepolymer.
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Figure 4. TGA thermograms of different contents of ETSO-
containing DGEBA.
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Figure 5. Schematic representation of Aj;, Az and As for A°
and K*

Table 2. Thermal Stabilities of ETSO-DGEBA Blend

Contents of ETSO DT Trmax IPDT
[wt %] [l [l [Tl
0 391 437 623
3 393 457 635
5 400 462 649
10 397 458 646
480
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Figure 6. TGA thermograms of different contents of ETSO-
containing DGEBA in nitrogen gas.
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Table 3. Decomposition Activation Energies of ETSO-DGEBA
Blend

Contents of ETSO

o 2
[wt %] Inlin(1-e)"] &, [T-Ts] E/RTS E: [k]/mol]
-2.2504 -22
-1.0309 13
0 03665 P 0.0383 169
0.0874 34
-1.4999 -7
-0.6717 7
3 03665 7 0.0410 178
-0.0874 28
-1.4999 -2
-0.6717 8
5 03665 12 0.0593 266
~0.0874 22
-1.499 -2
-1.0309 7
10 fpyons o 0T 20
-0.3965 17
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E, : decomposition activation energy,
6 T-T;, T temperature of maximum decomposition
rate,
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Table 4. Flexural Modulus (E;), Tg, Thermal Expansion Coeffi-
cient ( #r) and Internal Stresses (E: - 2;) of ETSO-DGEBA Blend

Contents of ETSO Er Tg ar E - ar
[wt %] [GPal  [T] [0%/T] [10°GPa/C)
0 252 179 15.14 381
3 248 177 1353 336
5 243 173 12.10 303
10 2.39 171 11.12 %6
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9714, S : internal stress,

K : constant of the system studied,

ar © coefficient of thermal expansion of the resin,

as © coefficient of thermal expansion of the silicon
chip,

E; : flexural modulus of the resins
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