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ABSTRACT: The effects of silica content on the cure kinetics and chemorheology of an
epoxy system composed of DGEBA and poly(oxypropylene diamine) were investigated. Silica
content in the epoxy system varied from 0 to 400 phr. Dynamic DSC(differential scanning cal-
orimetry) method was used to analyze the cure kinetics of the epoxy system. Chemical con-
version was calculated from DSC curves for the system. The reaction kinetics parameters
were determined by a nonlinear regression method using DSC conversion data. Reaction rate
increased as silica content was increased, but reaction heat per unit mass decreased. An
autocatalytic second order reaction mechanism could describe well the cure behavior of the
system. Rheological properties of the system were measured using a theometer. If the system
increased with silica content, gelation temperature measured during heating at a fixed
heating rate decreased with increasing silica content because of its increased reaction rate
caused by silica.
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Figure 1. Particle size distribution of silica.
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Figure 2. Dynamic DSC thermograms of the unfilled
epoxy system for various scanning rates.
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Figure 3. Maximum exotherm teraperature with
heating rates for the unfilled epoxy system.
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Figure 4. Heat of reaction of the epoxy system for
various silica contents.

Table 1. Kinetic Parameters for the Unfilled and
Silica Filled Epoxy System
<

ﬁllerpar e ku E ke B oy
(sec™) (cal/mol) (sec)  {cal/mol)
content
0 phr 7241 7.13x10° 1.30x10° 0.98x10* 0.42
100 phr 7359 695x10° 1.33x10° 0.99x10* 0.42
200 phr 7765 7.00x10° 138x10° 1.00x10* 0.42
300 phr 6718 6.14x10° 1.48x10° 1.10x10* 0.42
400 phr 7502 6.13x10° 150x10° 1.11x10* 0.42
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Figure 5. Comparison of conversion changes mea-
sured from DSC(point) and calculated from the kinetic
mode(line) for the unfilled epoxy system.

T T T T T

104 [ v 2¢/min .
O 5T/min
2 10 T/min

0.84 | 020 t/min ]

Conversion
o o
.2

o
o
1

004 — Lk y

350 400 450 500

Temperature (K)

250 300 550

Figure 6. Comparison of conversion change measured
from DSC(point) and calculated from the kinetic model
(line) for the epoxy system containing 200 phr of silica.
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Figure 7. Conversion changes from 0, 300, and 400 phr

silica filled epoxy systems during dynamic cure at the-

heating rate of 10 C/min.
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Table 2. Viscosity Function Parameters for the
Unfilled and Silica Filled Epoxy Systems

~~.___parameter % E, . b
filler content —~—__ {cal/mol)

0 phr 120x1077 52x10° -01 3

100 phr 50 x1077 52x10% -01 3

200 phr |23 x 1077 52x10° -01 3
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ac A&, ¢ gel conversiono|t}.
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10°4 | -@ Ophr, G’
-©- 0phr, G”|
~&— 100 phr, G’
~ 1050 | 2 100phr, G
g - 200 phr, G’
S - 200 phr, G"|
=]
§ 1044 E
o
b‘ 103'; 1
1074 1
10* + v
04 05 0.6 07 0.8
Conversion

Figure 9. Storage modulus(G ) and loss modulus(G”)
versus conversion for various silica contents(10 C/min).
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Figure 11. Viscosity versus temperature for various

silica contents(5 ‘C/min).
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Figure 12. Viscosity versus temperature plot mea-
sures by Physica(point) and calculated from the viscos-
ity function(line) at 5 °C/min.
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