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Abstract — The effects of 1 wt.% N-benzylpyrazinium hexafluoroantimonate (BPH) as a thermal latent initiator and blend
compositions composed of 0, 5, 10, 20 and 40 wt.% of phenol-novolac resin to epoxy resin were investigated in terms of
cure kinetics, thermal stabilities and rheological properties. Thermal latent properties of BPH were measured from the
conversion as a function of reaction temperature on a dynamic DSC. This cationic BPH system turned out to be an effective
thermal latent initiator in the epoxy-phenol curing system. And the increase of phenol-novolac resin concentration led to the
decrease in the latent temperature and to the increase of cure activation energy (E,) of the blend system. The thermal stability
and activation energy (E,) for decomposition, gel-time and activation energy (E.) for cross-linking from rheometer increased
within the composition range of 20~40 wt.% of phenol-novolac resin. This implies that the three-dimensional cross-linking
may take place among hydroxyl group within phenol resin, epoxide ring within epoxy resin and BPH.

Keywords : Thermal latent initiator, Epoxy resin, Phenol-novolac resin, Cure kinetics, Thermal stability, Rheological

properties.
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Fig. 1. Chemical structures of Epoxy, Phenol-novolac and BPH.
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Table 1. Sample composition ratios by weight percent (%) of
Epoxy/Phenol-novolac/BPH blend system

sample [Epoxy : Phenol-novolac : BPH]
NO 100 0 1
N5 100 5 1
N10 100 10 1
N20 100 20 1
N40 100 40 1
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Fig. 2. Conversion of Epoxy/Phenol-novolac/BPH blend system as
a function of curing temperature.

The Korean Journal of Rheoloy, Vol. 11, No. 2, 1999



138 )

AAISl BPHE 573 2% olield B4 vehiie &
WA A P9l 53 Zojy AshAloln, & B
A= A2Ee) s $A9] o] S7HE4E 84 A

Aot

3.2 st &

Fig. 391 5% DSC Z7°l| 2§ Epoxy/Phenol-novolac/
BPH EAE= AJ2F]9] B3NS JeER)AH). dE 44
ol SIS A 28 H3e AL FOo= olFe
e, A% 2L FIs dEAITY] FAH=
R vebstou slE £2]e] o] SHEE 79
UeRtA] sttt #ls 9] <ol 40wt wol ¥
A7y BA] FEEHA vebstth ol EAIRRe) 240 el
Ue ALFe HIs odlZA] FRIWS] A9 o FA}
oj= 22]31 BPHZ'2| complex formationol] 23] AJAE
v)FoiH, #lE 7R Fo] B 40 wt%sl A oF
Ate]=gt His 2] W] FAbz|ete] whgof ofsfiA A
He =) AlREY 7R oo W wAvt vehy
© e 9] Whgo] Aol AL BAl doldgt 9
T AL ou)aiy, ojzigh B I Pol Al
gt ol FA] X9 73} AR Aguke, el 3 ¥
= TS Fi710ke] Hhgoll B e ez Algdd).

g, 7tast Hkge] g AxgA oY 7] e &5
(el el A4S 7tzte] DSC #EH A7} e Vet
e 25 (TEFE 738 vhge] 843 oA EyE
o2} Kissinger 219 28k & 7} UTH13].

] - A B L

m a m

where, ¢ :heating rate, T,:temperature of maximum
exothermic peak
A : pre-exponential factor, E,:cure activation

Heat Flow (mW)

T — T T

T T
50 100 150 200 250
Temperature (°C)

Fig. 3. Dynamic DSC thermograms of uncured samples.
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Table 2. Cure activation energies obtained by Kissinger equation

sample kinetic factors 2°C 5°C 10°C 20°C

T, (X107 226 216 210  2.02

NO In[¢/T,, 3] -11.48  -1066 -10.02 -9.41
E, (kJ/mol) 70

/T (X107 243 235 227 221

N5 In[¢/T, 3] 1134 -1049 -9.86 922
E, (ki/mol) 78

UTm (X107 255 247 237 234

N10 In[¢/T,,2] -11.24  -1039 978  -9.11
E, (kJ/mol) 76

1T, (X107 257 248 241 234

N20 1n[¢/T,2] 1123 -1038 974 911
E. (kI/mol) 75

UT, (X107 263 254 243 240

N40 In[¢/T,,’] (LIS <1033 972 -9.06

E, (kJ/mol) 69
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Fig. 5. TGA thermograms of Epoxy/Phenol-novolac/BPH blend
system.
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Table 3. Thermal stabilities of Epoxy/Phenol-novolac/BPH blend

system
sample IDT [°C] T, [°C] A* . K* IPDT [°C]
NO 360 440 0.66 574
N5 208 307 0.50 435
N10 216 344 0.58 498
N20 233 420 0.68 582
N40 259 443 0.98 831
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Table 4. Activation energies for decomposition of Epoxy/Phenol-
novolac/BPH blend system

1_‘}\1

sample  In[in(i-oy'] © [T-TJ  E/RTS  E [kJ/mol]
-1.56 -22.66
-0.82 9.78

NO 010 s 0.052 223
043 15.55
-1.65 24.16
-1.13 -12.57

N5 059 P, 0.034 97
-0.28 14.91
222 26.12
-1.54 -10.23

N10 o3 8.3 0.031 101
-0.82 17.25
3.55 36.62
-2.30 -13.87

N20 es 1232 0.033 231
144 26.49
216 -34.15
-0.90 -6.67

N40 044 07 0.036 246
-0.05 25.10

where, o :decomposed fraction, E,:activation energy
for decomposition,
0:T-T,, T,: temperature at maximum decomposition
rate, R : gas constant
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where, E.:activation energy for cross-linking, t.: gel-
time, R : gas constant
T : cure temperature, C : constant
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Fig. 8. Plots of storage (G'), loss modulus (G") and damping factor (tand).
Table 5. Gel-times of Epoxy/Phenol-novolac/BPH blend system
sample reaction temperature [°C) gel-time {sec] 8
110 3720
NO 130 2673 7
150 1071 3
110 1635 S
N10 130 1313 ]
150 840
110 457 5
N20 130 225
150 123
4 T S o
110 344 235 240 245 250 2.55 260 265
N40 130 150 17 [10°K]
150 84 Fig. 9. Plots of Int, vs. 1/T.
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Table 6. Activation energies for cross-linking obtained by gel-times
and reaction temperatures

- A9

sample UT [X10°K] Int, E. [kJ/mol]
2.61 8.22
NO 2.48 7.89 42
2.36 6.97
2.61 7.39
N10 2.48 7.18 22
2.36 6.73
2.61 6.12
N20 2.48 541 46
2.36 4.81
2.61 5.84
N40 2.48 5.01 48
2.36 443
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