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ZA4 73841l N-benzylpyrazinium hexafluoroantimonate(BPH)Z Cycloaliphatic#] o ZA] (CAEYDGEBAA| o ZA]¢] EFE
ol 1mol% A7} Al F £3F 2l e ehy S35 Azt et ta A7t 4AEE L & DSCE o] &3}
247} 150°CS} 50°C] g 2ol e Al A AstEe et SRS B AlaEle] At E B2 ¥len
HE A3 58 43S B3l storage modulus (G'), loss modulus (G") 28] damping factor (tand)Z T3 & o] E H|o[E| 25
B A} A7HE ST A3t A7t 48 25F Arrenius equation©] 284171 A3} ytw 843} oUR] (B)E T F AN
on A A3 B3 WA 5 DGEBAY $go| F7184¢E Frlsialtt. 3t 843 oUiA] (E)E E4 DSCE |83t
o Kissinger methodol| 3} F-atH=tl 848 oiAl= CAEY] &o] $718rE AoFo e £ ¥g4S YeEldE=H,
ol F WhE 999 dedt ZAREY] 2 vk vl Ule] Fx Sl 7]Q1gT

Abstract— The effects of 1 mol% N-benzylpyrazinium hexafluoroantimonate(BPH) as a thermal latent initiator and blend
compositions composed of cycloaliphatic and DGEBA epoxies were investigated in the rheological properties and cure kinet-
ics. Latent properties were performed by measurement of the conversion as a function of reaction time using isothermal DSC
at 150°C and 50°C Rheological properties of the blend systems were investigated in terms of isothermal experiments using a
theometer. The gelation time was obtained from the evaluation of storage modulus (G'), loss modulus (G") and damping fac-
tor (tand). Cross-linking activation energy (E.) was also determined from the Arrhenius equation based on gel time and cur-
ing temperature. As a result, the gel time and cross-linking activation energy increased with increasing DGEBA composition.
The cure activation energies (E,) were obtained by Kissinger method using dynamic DSC thermograms. In this work, the
cure activation energy decreased with increasing CAE concentration, which might be resulted from the short repeat units, sim-
ple side-groups and viscosity of reaction media.

Keywords: CAE, DGEBA, N-benzylpyrazinium hexafluoroantimonate(BPH), rheological properties, cross-linking activation
energy, cure activation energy.
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CycloaliphaticA] ol|ZA] <X], (3,4-epoxycyclohexyl-
methyl-3',4"-epoxy-cyclo-hexene carboxylate, Y& 1.17 g/
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Fig. 1. Chemical structures of CAE, DGEBA and BPH.
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Table 1. Chemical analyses of BPH

Analysis methods Analysis

Peaks 1514, 1358, 1223,
FT-IR (KBr) 1073, 1015, 767,
726, 662 cm™
H NMR peaks for pyridine ring  9.33-9.38, 9.65-9.70
(aceton-d6 in ppm ppm
from tetra- peaks for aromatic ring  7.70-7.47 ppm
methylsilane) peaks for -CH,- 6.18 ppm
Calculated for C: 32.45%, H: 2.70%,
Elemental CiiHiuN,SbF, N: 6.88%
analysis Found for C,;H,;;N,SbF,; C: 32.90%, H: 2.74%,
N: 6.91%

318t T2 E Fig. 1] e 28 Table 19} BPHS] &}
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Fig. 2. Time-conversion curves of CAE:DGEBA at 150°C and 50°C

with curing time obtained from isothermal DSC.
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Fig. 3. Plots of storage modulus, loss modulus and damping factor
for CAE:DGEBA 100:0, 40:60 and 0:100 compositions.
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3.2.1. Gel point

7hae 8219 gel pointyE 433} 31440] Mo Ae|
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AcH10].
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where, S : strength of gel
t : reaction time
n: relaxation exponents (O<n<1)
p: reaction extent
p. : reaction extent at the gel point

St A Al 7tae] /94, 7t 2Ed] oEA
Zrolm &3} A4 n gel pointoffr] ZA 3} clustere]
geometryo] 2)ZZ0] A}o]t}H10). (1) OBFHE gel
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$3 o] uErd % 9ot

G'(w)=I{1-n) - cos(nm/2) - Sw" V)

G"(w)=I{1-n) - sin(nw/2) - SW" 3

where, w : frequency
I': gamma function
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Table 2. Gel times of CAE:DGEBA compositions

Compositions Reaction temperature Gel time
[CAE:DGEBA] °C [sec]
110 495
[100:0] 120 216
130 189
110 561
[40:60] 120 348
130 264
110 5640
[0:100] 120 4810
130 2830

ATH11,12]. ZEHA Y ¥ Z7]ddl= A4 BAo] A|H)s}
o G" Aol A UepTrt wbgof = HA By
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ZA)81A "} o] AZHES gel pointE B F )0 o]
AR A M TE 32 7k F27F A H 7] A2
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W&ol Bt B2 8442 2= DGEBAY| 724 54
o &3 A& AlsE

3.22. 70 43t o X
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point ©]e] 7t 32 FHEAQ] AoJE LAY net-
work T2 g FeEA e  glem ol
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P k- ) ©)
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Inte = [ In] j:‘%’) ]-1nA]+Eo/RT ®)

Gel pointoll 4] AZ}Fe Lxot TR} g
Zretha 9o ABR[12] 842 thad 2ol ¥
3t 8 5 3o

- E
Int. = RT +C €)]

where, E, : cross-linking activation energy
t.: gel time
R : gas constant
T : cure temperature



A4 ABAE ©)-83 CycloaliphaticDGEBAZ] o 4] Bdl= A xwle] S8

64 | caepeEBA[1004] |
5.0
« 564
£
5.2 4
Y= 7.45X- 13.20
Correlation factor, R= 0.9704
£,= 82{kmol]
4.8
T T T T T Al T r T T T r
244 248 2.52 2.56 280 264
UT (1K X107
7.2 | CAE:DGEBA [0:100] |
6.8
6.4
“0
£ go4
5.6 Y¥=9.25X - 17.85
Correlation factor, R= 0.9926
52 E,= TTikdimol]
T 1 ¥ H A T v T v T
248 2.52 2.56 260 264
1T (11K X107
10
| caEDGEBA D:100] |
9]
“Q
£

Y=12X- 220757

Correlation factor, R= 0.9579
£~ 99(kJmol]
7 A R e RE—— —— —
240 245 2.50 2.55 2.60 265 270
UT (K %1073

Fig. 4. Plots of gel time vs. curing temprature for CAE:DGEBA 100:
0, 40:60 and 0:100 compositions.
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Table 3. Cross-linking activation energies, E,, obtained by gel times
and curing temperatures

Compositions 1T Int E.
[CAE:DGEBA] [%10°K] © [kJ/mol]
2.61 6.20
[100:0] 2.54 538 62
2.48 5.24
2.61 6.33
[40:60] 2.54 585 77
2.48 5.58
2.61 8.64
[0:100] 2.54 8.48 9
2.48 7.95
we 843] o

7hast vhge] g Hx2A 243 iz 22 =3
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70 Kissinger 2]-&[14] AM&3IATH 29| g
EE4T7F Arthenius2] S mEdn 718 A (10)%
o] vehd 4 gith
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where, o.: conversion
t:time
A : pre-exponential factor
E, : curing activation energy
R: gas constant
T : temperature (K)

Hhg-o] nxl2 M Frhd fo)s (1-onl 2 THHW
4 (10y2 T3 Zo] B H)

do

I =A(l-a) exp[——] 11

ekl Ajzkell tigk 23} Rl ghe g ZETelA 00]
=71 w&ell (11)42 ofefi ot Zo] W A 4 Qlet.

= oy expl - ] 12

A2VA n(l-0,)'9) G2 SL&E FAol 19 G

e Aoz A Yonz[15] (124 thedt ol
zrast g 4 9ok,
i = __Ai ex (13)
Téd Ea

The Korean Journal of Rheology, Vol. 10, No. 4, 1998



232 B2 wha - ol - Ag
Table 4. Cure activation energies, E,, obtained by Kissinger equation

Compositions S o o o o

[CAE:DGEBA] Kinetic factors 2°C 5°C 10°C 20°C

100:0 1/To(Xx 10%) 2.6 2.55 232 2.30

E.=52 kJ/mol In[¢/T,] 11.21 -10.71 9.62 9.15

40:60 1/T,(x 10%) 251 2.36 217 2.16

E,=65 kJ/mol In[¢/T,’] -11.28 -10.49 -9.96 -9.28

0:100 1/To(x 107 222 2.14 2.07 2.03

E.=91 kl/mol In[¢/T,’] -11.53 -10.69 -9.88 -9.51

®  CAE:DGEBA [100:0]
® CAE:DGEBA [40:60]
A CAE:DGEBA [0:100]

-10 4

20 22 24 26
T

Fig. 5. Plots of In[¢/T,’] vs. 1/T,
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B L
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where, ¢ : heating rate
T, : temperature of maximum exotherm peak
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