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Abstract: A bisphenol-A epoxy resin mixed with epoxidized soybean oil (ESO) was cured with an acid anhydride curing
agent and a tertiary amine accelerator. The thermal, mechanical, and morphological properties of the cured epoxy resin
were investigated using thermogravimetric analyzer (TGA), dynamic mechanical analyzer (DMA), universal testing
machine (UTM), impact tester, and scanning electron microscopy (SEM). As the content of ESO increased, the thermal
stability and flexural strength decreased and the impact strength increased. This was thought to be due to the increase
in phase separation in the ESO-rich region. As a result of DMA analysis and observation of morphology, it was deter-
mined that the increase in impact strength was due to the decrease in intermolecular crosslinking density due to the intro-
duction of flexible long-chain ESO segments into the epoxy network structure and the absorption of external impact
energy due to the increase in the roughness of the fracture surface. Therefore, it is believed that by mixing ESO in an
appropriate amount with the epoxy resin according to the purpose and target properties, it is possible to manufacture a
plant-based environmentally friendly epoxy resin capable of reducing carbon as well as improving impact strength.
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Figure 1. Chemical structures of materials used in this study: (a)
epoxy (YD-128); (b) ESO (E-03); (c) hardener (HN2200); (d)
accelerator (BDMA).
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Table 1. Composition of the ESO Modified Epoxy Resins

Sample Mole  Epoxy ESO  Hardener Accelerator
code ratio (r)' (Wt%)  (Wt%) (phr) (phr)
E0-09 0.9 100 0 80 0.5

E20-09 0.9 80 20 77 0.5

E30-09 0.9 70 30 76 0.5

E40-09 0.9 60 40 74 0.5
E20-08 0.8 80 20 69 0.5
E40-08 0.8 60 40 66 0.5

“Mole ratio(r) = mole of hardener/mole of epoxy resin.
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Figure 2. TGA and DTG curve vs. temperature of the ESO mod-
ified epoxy resins: (a) ESO content effect; (b) mole ratio effect.

Table 2. TGA Result of the ESO Modified Epoxy Resins

Sample  Ash  Tsvorre  Tom E, IPDT
code (Wt%) (T) () (kJ/mol) (C)
E0-09 6.44 372 427 192 486

E20-09 4.45 345 416 157 455

E30-09 3.50 307 414 108 441

E40-09 2.95 337 413 133 436

E20-08 4.68 356 451 143 460

E40-08 2.37 335 449 141 429

h{ln(_l_ﬂ _LEb 1)
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Figure 3. Kinetics of thermal decomposition of the ESO modified
epoxy resins by Horowitz-Metzger method: (a) ESO content effect;
(b) mole ratio effect.
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Figure 4. Schematic diagram of the Doyle’s method for determin-
ing the IPDT.
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Figure 5. IPDTs and activation energy vs. ESO content of the ESO
modified epoxy resins.
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Figure 6. Storage modulus vs. temperature of the ESO modified
epoxy resins: (a) ESO content effect; (b) mole ratio effect.
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Table 3. Thermo-mechanical Properties of the ESO Modified
Epoxy Resins

Sample 7, DSC tan Speak E’ at35C E at T,+30 C
code () DMA (TC) (MPa) (MPa)
E0-09 119 140 2019 16.0

E20-09 103 123 1743 15.1

E30-09 102 111 1476 12.7

E40-09 95.5 114 1415 9.1

E20-08 94.7 121 1724 12.5

E40-08 102 119 1176 114
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Figure 10. Flexural properties vs. ESO content of the ESO modified
epoxy resins: solid symbols (= 0.9); open symbols (» =0.8).
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Figure 11. Notched Izod impact strength vs. ESO content of the
ESO modified epoxy resins.
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Table 4. Flexural and Izod Properties of the ESO Modified
Epoxy Resins at Different ESO Contents
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Table 5. Molecular Weight Between Crosslinks of the ESO
Modified Epoxy Resins at Different ESO Contents

Flexural properties Izod impact
Sample
code Modulus  Strength Strain at break strength
(MPa) (MPa) (mm) (kJ/m)

E0-09 3592 146 9.50 10.5

E20-09 3185 106 6.61 14.1

E30-09 2914 83.8 8.01 13.3

E40-09 2559 96.8 9.02 18.8

E20-08 3118 97.0 5.97 11.0

E40-08 1999 70.6 8.57 13.7
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Figure 12. Molecular weight between crosslinks vs. ESO content of
the ESO modified epoxy resins.
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Figure 13. SEM micrograph (x1000) of impact fractured surface of
the ESO modified epoxy resins: (a) E0-09; (b) E20-09; (c) 30-09;
(d) E40-09; (e) E20-08; (f) E40-08.
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