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Chemo-mechanical Analysis of Bifunctional Linear DGEBA/Linear Amine
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ABSTRACT: To determine the effect of chain length of linear amine curing agents on the
thermal and mechanical properties, standard epoxy resin, diglycidyl ether of bisphenol A
(DGEBA) was cured with diethylenetriamine (DETA), triethylenetetraamine (TETA) and
tetraethylenepentaamine (TEPA) in a stoichiomeétrically equivalent ratio. From this work, the
effect of linear amine curing agents on the thermal and mechanical properties was signifi-
cantly influenced by chain length of curing agents. In contrast, the results showed that the
DGEBA/DETA system had higher values than the DGEBA/TETA and DGEBA/TEPA
system in the density, shrinkage (%), thermal expansion coefficient, tensile modulus, and
flexural strength. Whereas the DGEBA/DETA cure system had lower values than the
DGEBA/TETA and DGEBA/TEPA cure system in the maximum exothermic temperature,
conversion (%), and T,. These findings imply that the differences in the maximum conver-
sion about the chain length of curing agents affe¢t the thermal and mechanical properties.
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Figure 1. Chemical structure of the epoxy and amine
curing agents: (a) skeleton structure and (b) calculated
structure obtained by HyperChem 5.0 software.

Tosho Co., e.e.w.=24.3 g/eq.), tetraethylenepenta-
amine (TEPA ¥¥& Tosho Co., e.e.w.=27 g/eq.)
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Figure 2. Chemical reaction mechanism of the epoxy/
amine cure systems.
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Figure 3. DSC thermograms of the untreated sample
in the DGEBA/amine systems.
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Figure 4. TGA thermograms of the DGEBA/ linear
amine cure systems: (a) preliminary-cured and (b)
post-cured.
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Table 1. Physical Properties of DGEBA/Linear Amine¢ Cured Systems

item curing condition

preliminary-cured
post-cured
liquid mixture

conversion (%)

density (g/cm?) preliminary-cured
post-cured

shrinkage (%) preliminary-cured
post-cured

thermal expansion coefficient  preliminary-cured
(pm/mC) post-cured

glass transition temperature preliminary-cured
(C) post-cured

tensil modulus (GPa) preliminary-cured
post-cured

. limi - d
tensile strength (MPa) preluminary-cure

post-cured
limi -
flexural modulus (GPa) preliminary-cured
post~cured
limi -
flexural strength (MPa) preliminary-cured
post-cured

DETA TETA TEPA
(MW.=103 g/mol) (MW.=146g/mol) (M.W.=189 g/mol)
84 91 94
90 95 97
1.148 1.171 1.159
1.200 1.192 1.176
1.190 1.180 1.188
45 1.8 1.5
3.7 0.8 2.5
199 186 175
177 148 150
97 107 107
99 123 123
39 3.4 3.4
3.6 2.8 2.6
42 43 31
38 39 45
43 3.9 3.4
3.4 3.0 3.5
131 127 119
119 103 114
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Figure 5. The fracture surface (X 120) of resin castings obtained by flexural test: (a) DETA/DGEBA, (b) TETA/
DGEBA, and (c) TEPA/DGEBA preliminary-cured systems.
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Figure 6. The fracture surface (X 120) of resin castings obtained by flexural test: (a) DETA/ DGEBA, (b) TETA/

DGEBA, and (¢) TEPA/DGEBA post-cured systems.
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