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Chemo-Mechanical Analysis of Bifunctional Linear DGEBA/
Linear Amine (DDM, DDS) Resin Casting Systems

In-Ho Myung*, In-Jae Chung™* and Jae-Rock Lee*™*

ABSTACT

To determine the effect of chemical structure of linear amine curing agents on thermal and mechanical
properties, standard epoxy resin DGEBA was cured with diaminodiphenyl methane (DDM), diamin-
odiphenyl sulphone (DDS) in a stoichiometrically equivalent ratio. From this work, the effect of aromatic
amine curing agents on the thermal and mechanical properties is significantly influenced by the chemical
structure of curing agents. In contrast, the results show that the DGEBA/ DDS cure system having the sul-
fone structure between the benzene rings had higher values in the conversion of epoxide, density, shrink-
age (%), glass transition temperature, tensile modulus and strength, flexural modulus and strength than
the DGEBA/ DDM cure system having methylene structure between the benzene rings, whereas the
DGEBA/ DDM cure system presented higher values in the maximum exothermic temperature, thermal
expansion coefficient, and thermal stability. These results are caused by the relative effects of sulfone
group having strong electronegativity and methylene group having (+) repulsive property and stem from
the effect of the conversion ratio of epoxide group. The result of fractography shows that the each grain
size of the DDM/ DGEBA system with feather-like structure is larger than that of the DDS/ DGEBA sys-
tem.
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Fig. 1. Chemical structures of the epoxy and atomatic amine
curing agents. (a) skeleton structure; (b) calculated
structure obtained by HyperChem 5.0 software.
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Fig. 2. DSC thermograms of the fresh sample in the DGEBA/
aromatic amine systems
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Fig. 3. TGA thermograms of the DGEBA/ aromatic amine post-
cured systems
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Table 1. The physical properties of DGEBA/aromatic amine
post-cured systems.

lem DDM DDS
(M.W.=198g/mol}}(M.W.=248¢/mol)
Conversion(%) 92 94
Density(g/cm’) 1.182(1.139)" | 1.230(1.170)°
Shrinkage(%) 3.78 5.13
Thermal expansion
coefficient(Um/m<¢) 128 102
Glass transition 172 196
temperature(C)
Tensile modulus(GPa) 2.16 2.86
Tensile strength(MPa) 26.9 354
Flexural modulus(GPa) 2.49 3.81
Flexural strength(MPa) 95.8 129.8

“* The density of liquid mixture

k8l ol H@A QA chain length?} ZAojF o 24
cross-linking unitel] vl o] F9o YA ik
& ol UL 2k v cracke] T HES
@& ¢ 7] wiEold.

DGEBA/ aromatic amine 73 8- 7oA wlAlg A}
ol #yr] Walo] wE shear deformationd] A3}
e 589 AolE Yolry] st 3H EIANEE
sl 1 AFE Table 14 Vehiiglcy. DDS&
7AztE A3 Eo] DDME 7Zgd Z3E Hu 255
B 23705 257 A Jesn olefg A
2 AAAY Antel W I shrinkage B49] Azle}
g} YRtE o g 312 AEAE & &ToA
ue g 2doymE residual thermal stressg Ul
014 modulus$t Zx7t gtk 23E4 e
DDS7} DDM Hto} £48 E4o] vehuded
5t DDS W] 9 0=S=0¢] side chain¢l
07 o3, A3s Al A45= DGEBATxS] &
NG AT TheAde]l AF R oz} stress
relaxation 37} Zojs)=2 H*9) repulsive effect
£ Ad DDM Bt} shear forceo] th3l v]&d A
o] AH7] wEolth. EFY =M E DDMo] oA
o WS e g8 Zred wolA 4Had epoxide
Hghgo] Aolo] gt o] L5l shear defor-
mationo] st wA cracke] & LAHE7] ufEo
t}. &£3 DDSe ZA¢e Adzez &2 & B
t}. o]AE ZFmoduluse] 79} #Ze] DDS &3+

on 3L ox &
SO
ko0

e

A

[¢]
et

>

Fig. 4. The fracture surface of resin castings obtained from flex-
ural test by optical microscopy (120) : (a) DGEBA/ DDM;
(b) DGEBA/ DDS post-cured systems.
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