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Abstract: The cure behaviors and toughness properties of triglycidyl p-aminophenol/bisphenol F diglycidylether resin
system with 4, 4-diaminodiphenylsulfone hardener were studied with the inclusion of polyethersulfone (PES). The cure
kinetics of epoxy blends were investigated in both dynamic and isothermal conditions by differential scanning calorimetry
(DSC). In dynamic experiments, the activation energy was evaluated by Ozawa and Kissinger’s equations at different
heating rates (2~40 °C/min). Isothermal DSC data at different temperatures (160~220 °C) are fitted to an autocatalytic
Kamal kinetic model. The tensile, flexural, and fracture toughness of the epoxy blends were investigated by taking into
account their morphological features, which were influenced by the PES contents. Consequently, the results obtained
from cure behavior studies further indicated that the degree of cure, rate of cure, and activation energy of the epoxy
resins were not largely affected by the PES inclusion, while fracture toughness values of them increased with the PES

content.

Keywords: epoxy resin, polyethersulfone, cure behavior, fracture toughness.
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Table 1. Formulation of the Epoxy Resin System
Epoxy resin (phr) Hardener (phr)
TGAP DGEBF DDS PES
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Figure 1. Chemical structures of TGAP, DGFBF, PES, and DDS.
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Figure 3. Heat flow at different heating rate with PES content (a) 0 phr; (b) 10 phr; (c) 20 phr; (d) 30 phr (vs. time).
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Figure 2. Heat flow at different heating rate with PES content (vs.
temperature).
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Figure 4. Degree of cure with various PES content at different heat-
ing rate: (a) 2 °C/min; (b) 5 °C/min; (c) 10 °C/min; (d) 20 °C/min;
(e) 40 °C/min.
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Table 3. Activation Energy of Epoxy Blends Calculated from
Kissinger and Ozawa Methods

PES content (phr)

Method
0 10 20 30
Kissinger 63.58 63.15 6342 6229
E, (klJ/mol)
Ozawa 68.18 6781 68.10 67.64
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Figure 7. Heat flow with PES content at different curing tempera-
ture.
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Table 4. Kinetic Parameters Obtained by Kamal’s Equation

PES Curing
content  temperature k k> m n
(phr) 4]

160 1.63x10* 1.08x10°  0.69 1.77
180 4.79x10* 2.91x10°  0.73 1.49

0
200 1.80x10° 3.97x10°  0.96 1.40
220 3.37x10° 1.54x10%  1.16 1.34
160 7.83x10° 9.02x10*  0.50 1.87
10 180 3.82x10* 1.91x10°  0.60 1.50
200 1.18x10° 3.63x10°  0.73 1.41
220 3.25x10° 7.85x10°  0.95 1.36
160 7.50x10° 7.34x10*  0.44 1.97
20 180 3.66x10* 1.52x10°  0.53 1.54
200 1.16x10° 3.06x10°  0.65 1.43
220 3.10x10° 5.68x10°  0.75 1.37
160 5.67x10° 6.38x10*  0.36 2.01
30 180 1.90x10* 1.43x10°  0.42 1.59
200 1.02x10° 2.83x10°  0.59 1.44
220 2.89x10° 4.41x10°  0.69 1.39
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Figure 11. Comparison of experimental data with kinetic model
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Table S. Activation Energies from the Kinetic Parameters of
Kamal’s Equation

Rate PES content (phr)
constant 0 10 20 30
E, k 92.76 109.57 109.73 119.64
(kJ/mol) ks 73.23 63.27 60.72 57.76
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Figure 13. Tensile properties of epoxy resin with PES content.
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Figure 14. Flexural properties of epoxy resin with PES content.
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Figure 15. (a) Critical stress intensity; (b) critical strain energy
release rate of epoxy resin with PES content.

Figure 16. SEM images of fracture surfaces with PES content: (a)
0 phr; (b) 10 phr; (¢) 20 phr; (d) 30 phr.
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