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2 9 djbdd o st $¥s4 DGEBASL cycloaliphatic o) %4] (CAE) Edl= ZAu]e
FEE 44 TGAst 4 DSCE Fstod A7k £ 4¥els 1mol%el N-benzyl

pyrazintum hexafluoroantimonate (BPH) & o}l &Al A3 MAldl gz Algstydct. DGEBA-CAE
Alxdle]l TGA #4 Zy €88 74 &% (initial decomposition temperature, IDT), Hd &
& 74 Ale] &% (temperature of maximum weight loss, 7,,.), 22]1 HE Q8] g 2%
(integral procedural decomposition temperature, IPDT) S0 ¢1z}3t QoA e DGEBA9] &
o] F718E Fvisidot ols 71 wHE 9], bulkd side group, F4t7Iel EA, A
aromatic ring®] F& 2|3 Al FA] 3] W} 4719t BPHZY whgde] Zviel 2o 4% T2
2 Mdid 5 Arh Ozawa 2o 2HE 78 73} 843 ozl CAES 3gde) Z71a42 7
a3l 2AH oz & w4 S Uehdrh ol CAESR e 243 38ty pzel Be Hx

o 7121k Zolck. ABH oz B A 2RdA 40mol%e] CAE ZAo] dxo 2 7134 Ho
q AR EUe o 4 A

ABSTRACT: The effects of different DGEBA and cycloaliphatic epoxy blend composition ra-
tios on the thermal stabilities and cure kinetics were respectively studied by TGA and dy-
namic DSC. In this work, 1 mol% N-benzylpyrazinium hexafluoroantimonate (BPH) was used
as an ionic initiator for cure. From TGA results of DGEBA-CAE system, the thermal stabili-
ties based on the initial decomposition temperature (IDT), temperature of maximum weight
loss (T,,,) and integral procedural decomposition temperature (IPDT) increased with increas-
ing the DGEBA composition. These results could be explained by means of increasing the
long repeat unit, bulk side-group, stable aromatic ring structures, and increasing the reactivity
between the -OH functional group of epoxy and BPH. The cure activation energies obtained
from Ozawa equation decreased with increasing the CAE composition, resulting in high reac-
tivity. This is due to the inherent chemical structure and low viscosity of CAE resin. Conse-
quently, the 40 mol% of CAE composition was optimum for the thermal and processing condi-
tions in this system.

Keywords: DGEBA, cycloaliphatic epoxy, decomposed activation energy, Ozawa equation, cure
activation energy.
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IPDT(C)=A*- K- (I, -T)+ T, (1)

where,
A*:area ratio of total curve and total TGA
thermogram ((A; + A))/( A+ A+ Ay))
K*: coefficient of A* ((A+ A,/ A)
T, : initial experimental temperature, (35 C)
T : final experimental temperature, (850 C)

Fig. 1ol TGA¢l Wu|z Heolsjoix= A*st
K& 7A%n de 4 998 3928 el
A*= Adl TGA thermograme] WAz Z{FHS
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Fa 2o goz distd golth Ky A*9
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A AFEM 2 e TS B EAFAEE 9]
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Figure 1. Schematic representation of A;, A, and A;
for A* and K*.
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DGEBA /Cycloaliphatic o] ZA] = A agle] A<tgy 3 23 §4%

A5t S2y5 s &5 2 AsEs 2AcSAe 9} 2& Ozawa AolA 73 B3} oluiA] (E,)
228, AAH, A7 B4 2 4EA S 29 o A% AL log ¢9h 1/T9] H¥H BN 2
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23 Aol B3] AR & etk S40] Ut BPHE 1mol% #H7}stn FHE EgE] dojd

7R R & A2 AF oA A

log 6= A —0.4567 L= 2) F 771 84 3 7IEE AAT F TA21000] 3
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20 C/ming] £& &2 $d As $Pge 23

where, ¢: heating rate, A’ : constant, E: cure o). UM AzE Aae F2% Az A% &
activation energy, R:gas constant, gl &8E 9=x]8}7] 93] convection ovenollAl 70 °C

T: temperature (30%), 140 C (2A1Zh) zZ2lm 200 ¢ (147D 9

Zal  A23¢ A2 1999 3¢ 283



Table 1. Chemical Analyses of BPH

analysis methods analysis
FT-IR (KB 1514, 1358, 1223, 1073,
IR KB peaks 1015, 767, 726, 662 (cm™)
pyridine ring ]
'H NMR rotons | 9:33°9.38,965-970 (ppm)
(aceton-dj in ppm  aromatic ring _
from TMS) protons 7.70-7.47 (ppm)
-CHy- 6.18 (ppm)
caled. for C:32.45%, H:2.70%.
i« Cy1H;NoSbF, N:6.88%
elemental analysis “1111117¥2908 6 e300 . 274%
found N:691%
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[ Thermal degradation of DGEBA]
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[ Thermal degradation of CAE]
Figure 2. Thermal degradation of DGEBA and CAE
epoXy resins.
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Figure 3. TGA thermograms of DGEBA:CAE blend
system.
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Figure 4. Plot of In[In(1—a)'] vs. 8 for DGEBA:
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Table 2. Decomposed Activation Energies of
DGEBA:CAE Blend System

compositions 1 1 1) g (T-T) E/RTZ E
(DGEBA:CAE) (In1-a) 6. J B/RTS (kJ/mol)
-1.5000 -21
{100:0] :(1)‘2222 '_157 00742 322
0.1856 0
-1.0035 -13
-0.6073 -10
: 4
[80:20] 01050 .leo 00684 295
0.3014 48
-1.0309 -19
(60:40] g?g;é g 00554 238
0.4759 9
-0.7000 9
[40:60] ggﬁgg ! 00547 228
0.6812 16
-0.5058 5
02716 7
(20:801 06139 g 05z 218
0.8923 21
202450 2
0.4760 12
[0:100] 0.8340 g 0084 197
10972 28

Table 3. Thermal Stabilities of DGEBA:CAE
Blend System derived from TGA

([;’(";‘gg:‘f?z;) IDT(C) Taax(C) A*K* IPDT(T)
£100-0] B3 450 07364 589
[80:20] 336 448 0.7043 552
[60:40] 317 46 0684 512
[40:60] 312 43¢ 06091 488
[20:80] 299 48 05615 457
[0:100] 20 40 05035 428

Ui AAE AHENL muc 100 CREY =
< AFYE RoAgF3 o, DGEBA9Y date] Z7}
gl ule} IDT#YE ofe} T, 28|32 IPDT B9
BE AR AxEel FAEE €+ I
DGEBARY] Ao A4 A7) 0.73642
CAERre] x4 0.50359] v)&f] ¢ 40%R= 5%
A4S Jehl el ol Ba B3 R
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Table 4. Cure Activation Energies (E,) Obtained by Ozawa Equation

compositions

frequency factor  cure activation energy

(DGEBA : CAE) kinetic factors 2¢ 5C¢C 10T 2T A(x10°) E, (k]/mol)
_ /T, (x107%) 222 214 207 203
[100:0] in[¢] 03010 06990 1 13010 1274 oz
‘ VT, (x10% 234 226 219 214
(80:20] In[¢] 03010 069% 1 13010 1178 %
» VT,(x10% 250 242 235 228
[60:40] in(4] 03010 06990 1 13010 1163 82
, 1/T,(x10% 251 243 236 228
£40:60] In[¢] 03010 06990 1 13010 122 &
‘ 1/T,(x10%) 259 250 238 229
[20:80] in(¢) 03010 06990 1 13010 8.68 >8
. VT, (x10% 265 255 240 230
[0:100] in[¢] 03010 06990 1 13010 T4 4
150 340
0. 4002
1254 0 <4 0020
1.00 :; 280 <0018 »
o arel g 0 Joois g
g E 240 40014 :.;
050+ = 720 40012 £
- 200 40010
0.254
180 -y T T T T T 0.008
0 20 40 L 80 100
000 Compositions of CAE

20

1000/T [K'Y)
Figure 5. Plot of log ¢ vs. T, for DGEBA:CAE.
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Figure 6. Plot of thermal stability and reactivity
DGEBA : CAE composition ratio.
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