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Q of: BAA7] HE B S PPAH AAGE FAAFI] Asle] AFA glavist
diglycidylether of bisphenol A (DGEBA) ol EA& 333t & A AgoA] AEA BF S
glarle] 24 0, 3, 5 T2lx 10phr Wro] fAsHd 4 2 J3t §3e 2ARINT
298 Aade] g¥sty B ol olgdl T 2AsA dYuen A &4
£(G ) &2 B (G7)E o A3 g AFsUT 7k 843 A HA] Az
Az} whg ©52 Arrhenius ploto] g3l Falges]l 2 A 5phre] 454 gelavE
ZE ZAA Ad 2st A sl B3 UAE BAFAY. §4 differential scanning
calorimeter (DSC) A¥ ZA#E Kissinger equationd] HEAIZ As & & 43} x|
A3t #4335 JUAE FE F AAT A8 48 QUAE AFA SElnele] §Fo] F7H
we} Z7lsichz 5 phre] A4S 2ol TR AN HdgGE delid & 48 29
Buke glo] XU sl F2RE AT F Ye AP 270 Sphre] 45D LejIniE R
T 2A4YE ¢ F YA

ABSTRACT: Copolymerization of siloxane-containing oligomer and diglycidylether of
bisphenol A (DGEBA) epoxy was carried out to improve the thermal stability and toughness
of inherently brittle epoxy resin. The compositions of siloxane-containing oligomer in this
system were varied within 0, 3, 5 and 10 phr for the measurements of rheological properties
and cure kinetics. Rheological properties were investigated using a rheometer under an iso-
thermal condition. The gel time was obtained from the values of storage modulus (G) and
loss modulus (G”). The cross-linking activation energies were also determined from the
Arrhenius plot based on the gel times and reaction temperatures. As a result, the maximum
gel time and cross-linking activation energy were observed in the 5 phr siloxane-containing
oligomer to DGEBA. In this work, another activation energy for cure was obtained by the
Kissinger equation using dynamic differential scanning calorimeter (DSC). This cure
activation energy increased with increasing the siloxane oligomer content and showed a maxi-
mum value in the case of 5 phr siloxane oligomer content. It revealed that the optimum condi-
tion to make a compact cross-linking structure without side reaction is 5 phr siloxane-contain-
ing oligomer content in this system.

Keywords: siloxane-containing oligomer, diglycidylether of bisbhenol A, diamino diphenyl
methane, cure activation energy.
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i 2. AEA FAE olBFA AFA L
diglycidylether of bisphenol A (DGEBA, = %3}
3}(F), YD-128, EEW=185~190g/mol, %
1.16 g/em®) & AMgslen 7ZsiAl2E diamino
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gde] o ZAZIE Ze AFA £¥an (epoxy-
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Muved EEW =
[ (DGEBA EEWXETS0 EEW) ]xlw 1)
( ETS0 EEWXGEBA wt. )xwo +((DGEBAEEWXE’ISOwt))Xm
Total wt (DGEBA+ETS0) Total wt (DGEBA+ETS0
DDM wt = Tot2l Wt(DGEBA+ETSO) xDDMEEW

Mixed EEW
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Table 1. Basic Properties of DGEBA, ETSO and
DDM

properties DGEBA ETSO DDM
epoxy equivalent weight (g/mol)  185-190 477 -
amine equivalent weight {g/mol) - - . 495

specific gravity (g/cm®) 117 099 -
molecular weight (Mw) - 950 199
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Figure 1. Preparation of DDM-ETSO-DDM prepolymer.
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Figure 2. Plots of storage modulus, loss modulus for
the 0, 3, 5 and 10 phr of ETSO.
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Table 2. Gel Times of Siloxane-modified Epoxy

composition of ETSO reaction temperature gel time
(phr) (c) (sec)

100 900
110 600
120 510
130 348

110 780
120 600
130

480
140

300
110 1380
120 900
130 576
140

402
110 1200
120 720 .
130

0
! 540
140
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Table 3. Cross-linking Activation Energies (E,)
Obtained by Gel Times and Reaction Temperatures

composition of ETSO /T In E,
(phr) (x103K) € (kJ/mol)

268 680
261 640

0 254 623 2
248 585
261 660
254 640

3 248 617 1
242 570
261 723
254 680

> 248 636 O
242 600
261 709
254 658

10 248 620 O
242 589

& OphrETSO
e 3pNETSO
A SphrETSO
v 10phrETSO

56
000240 000245 000250 000255 000260 000265 000270
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Figure 3. Plots of gel time vs. curing temperature for
the 0, 3, 5 and 10 phr of ETSO.
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Table 4. Cure Activation Energies (E,) Obtained by Kissinger Equation

composition of .. frequency factor, A cure activation energy,
ETSO (phr) kinetic factors 2 C 5¢C 10Cc 20T (x109 E, (icJ/mol)
0 1/To(x10%) 269 253 242 237 47 o
In(¢/To2 -1L15 -1035 -965 -9.24 .
3 1/Ta(x10%) 263 248 238 234 29 -
In(¢/T,» -1119 -1040 -973 -9.24
/T.(x10%) 259 24 233 229
5 In($/T,D) -1168 -1042 -965 -922 240 67
1/T,(x10%) 264 247 234 226
10 In(¢/T,» -1181 -1027 -961 -888 170 62
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