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Molecular Dynamics Modeling of the Thermo-oxidative
Degradation in Epoxy Resin
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2. Southwest Technology and Engineering Research Institute s Chongging 400039, China)

Abstract: The models of diglycidyl ether of bisphenol A (DGEBA) epoxy with diethanolamine (DEA) and
thermo-oxidative aging DEA/DGEBA were built via the combined method of molecular dynamic methods and
perl script. The effect of oxidation degree and crosslinking degree on glass transition temperature (T,) and
modulus of epoxy resins were studied by orthogonal experiment and range analysis. The simulation results show
that under the condition of a higher degree of crosslinking, the degree of oxidation has a stronger effect on the
mechanical properties of DEA/DGEBA system than the degree of crosslinking. while the effect on the glass
transition temperature is opposite. The results are consistent with the curing experiments. These results could

be used to understand the usual modulus curve that first increased and then decreased found on thermo-oxidative

aging experiment for DEA/DGEBA.
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Figure 1 The crosslink mechanism of DGEBA and DEA
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Figure 2 Construction of epoxy cross-linking model: (a) molecule fragments, (b) amorphous cell, (¢) cross-linked epoxy
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Table 1  Density and volume of the system change with

the crosslinking degree

Crosslinking degree (%) Density (g/cm®) Volume (A%)
0 1.133 23035.5
22 1. 151 22677.6
48 1. 157 22551.3
70 1.162 22459. 4
95 1. 166 22381.7
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Figure 4 The mean square displacement of the system

varies with the crosslinking degree
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Table 2 Changes in glass transition temperature and ther-

mal expansion coefficient with crosslinking degree
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% (K) 107'/K 107'/K
22 337 3. 00 6. 59
48 340 2.83 6. 22
70 357 2.46 5.92
95 366 2.34 4.89
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The mechanical properties of the system

change with the crosslinking degree
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Table 3 Visual analysis of simulation results of glass transition temperature
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