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ABSTRACT The effect of aminosiloxane modifier on the chemorheological properties of
ortho—cresol novolac epoxy/phenol novolac/triphenylphosphine resin system was investigated
at different isothermal curing temperatures. By adding the aminosiloxane to the resin system,
not only conversion rate and conversion were increased but also glass transition temperature
was promoted. Critical conversion and gelation time obtained at the crossover point between
storage and loss moduli were reduced and thus the viscosity was increased by the
aminosiloxane. C; and C; in the WLF equation calculated from the glass transition temperature as
a function of conversion and measured viscosity were found to vary with the curing
temperature. By applying the change of glass transition temperature with conversion, C; and
C, to WLF equation, it was possible to predict accurately the viscosity change with
isothermal curing reaction.

Keywords chemorheology, curing reaction, ortho-cresol novolac epoxy, aminosiloxane, modified

WLF equation, glass transition temperature.
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Figure 1. (&) Conversion rate and (b) conversion
with curing time of epoxy—phenol-TPP (EPT) resin
system.
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Figure 2. Conversion rate as a function of epoxy

conversion at several isothermal curing temperatures
for epoxy—phenol—TPP (EPT) resin system.
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Figure 3. Comparison of the reactivity of epoxy—
phenol-TPP (EPT) and epoxy—phenol-TPP—

aminosiloxane (EPT—A) resin systems. (a) conversion
vs. conversion rate and (b) time vs. conversion.
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Table 2. Kinetic Parameters Obtained from Each

Isothermal Test

resin curing ki k

system  temperature (x 10%5Y) (x10%7) " "
110 0.49 8.31 1.40 2.22
120 0.90 10.35 1.26 2.25
EPT’ 130 1.60 12.83 1.09 2.07
140 3.10 17.42 0.96 1.68
110 057 646 131 192
b 120 1.07 8.76 1.22 1.69
EPT-A 130 200 1147 118 167
140 3.00 15.24 0.84 1.26

¢ Epoxy—phenol-TPP system.
b Epoxy—phenol—-TPP—aminosiloxane system.

Inky or Ink,

1/T (x1073/K)

Figure 4. Comparison of rate constants of epoxy—
phenol-TPP (EPT) and epoxy-—phenol-TPP—
aminosiloxane (EPT—A) resin systems.
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Table 3. Generalized Kinetic Parameters

resin temperature dependence of rate constant
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* Epoxy—phenol—TPP—aminosiloxane system.
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Figure 5. Comparison of experimental (symbols)
and calculated (solid line) conversion at several
isothermal temperatures. (a) EPT and (b) EPT-A
resin system.
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Figure 6. Storage modulus G ' and loss modulus G "
with isothermal cure time of (a) EPT and (b) EPT-A.
The crossover points of G ' and G " represent the
gelation time at the isothermal curing temperature.
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Table 4. Gelation Time and Critical Conversion
with Isothermal Curing Temperature

temperature EPT EPT-A
¢ time (sec) 0 gel time (sec) 0 gel
110 44459 041 391.44 0.38
120 276.29 0.39 240.98 0.37
130 177.45 0.39 158.35 0.38
140 121.09 0.40 105.69 0.39
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Figure 7. Arrhenius plot of gelation time vs.

reciprocal cure temperature for EPT and EPT-A
resin systems.
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Figure 8. Viscosity change as a function of cure
time at several isothermal temperatures; The solid
and open symbols show EPT and EPT—-A resin
systems, respectively.
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Figure 9. Comparison of T, vs. conversion of EPT
and EPT —A resin systems; The solid and dashed dot
line were calculated from eq.(10) for EPT and EPT —
A, respectively.
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to EPT and EPT—A resin systems, respectively.

Table 5. Temperature Dependence of C,; and C, in
WLF Equation
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