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Synthesis of tung oil-based thermoset resin and its thermal-mechanical
properties
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Abstract Various investigations of vegetable oil extracted from natural resources are underway because of their low
cost and environmental value. On the other hand, the double bonds in vegetable oil should be substituted to other
high reactive functional groups due to their low reactivity for synthesizing bio-polymeric materials. a-eleostearic acid,
which consists of a conjugated triene, is the main component of tung oil, and the conjugated triene allows tung oil
to have higher reactivity than other vegetable oils. In this study, tung oil was copolymerized with styrene and
divinylbenzene to make a thermoset resin without any substitution of functional groups. The thermal and mechanical
properties were measured to examine the effects of the composition of each monomer on the synthesized thermoset
resin. The results showed that the products have only one Tg, which means the synthesized thermoset resins are
homogeneous at the molecular level. The mechanical properties show that tung oil acts as a soft segment in the
copolymer and makes a more elastic product. On the other hand, divinylbenzene acts as a hard segment and makes
a more brittle product.

Keywords : Cationic polymerization, Tung oil, Bio-based thermoset resin, Copolymer, Thermal property, Mechanical
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Fig. 1. Structure of a-eleostearic acid
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2.2.1 Soybean oil methyl ester &M
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Table 1. Compositions and symbols of TO-Styrene-DVB copolymers
Bntry Monomers Initiators Symbols
Tung oil Styrene DVB BFE(phr) Methyl ester(phr)
1 80 10 10 1 5 T811
2 60 20 20 1 5 T622
3 40 30 30 1 5 T433
4 20 40 40 1 5 T244
5 60 40 0 1 5 T640
6 60 30 10 1 5 T631
7 60 20 20 1 5 T622
8 60 10 30 1 5 T413
9 60 0 40 1 5 T604
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Table 2, DMA results of TO-Styrene-DVB copolymers

Storage Modulus at Storage Modulus at

o 7 o 7 Tg (°C) Tan & at Tg

40°C (x 10’ MPa) 30°C (x 10’ MPa)
T 811 43.7 1.1 12.3 0.4850
T 622 51.1 16.6 534 0.3218
T 433 52.6 394 102.7 0.2300
T 244 42.0 37.7 142.4 0.2222
T 640 62.1 0.4 11.3 1.1056
T 631 47.6 4.5 379 0.5173
T 622 51.1 16.6 534 0.3218
T 613 50.8 249 65.6 0.2244
T 604 47.1 28.7 69.8 0.1429
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Table 3. Mechanical properties of TO-Stytene-DVB

copolymers
Tensile . Impact
strength Elongatloon strength
(MPa) at break (%) (/)
T811 0.38 6.65 1.93
T622 4.44 5.52 1.88
T433 19.83 4.15 1.61
T244 18.83 2.52 1.30
T640 0.14 5.95 5.61
T631 1.06 14.15 3.90
T622 4.44 5.52 1.88
T613 7.39 4.52 1.12
T604 8.99 2.33 1.93
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