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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
property
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Tung oil& ©]-&37F Hhele 7|9k A3 +4 A R o9 dF-2v]4 54 A7
1. A& of W& A4, 7144 4% DMA, UTM, 1ZOD %4
A= A7IE olgst SAekitt
A, AF a9 87 A som Qe 18 A
B 7hEo] olsprk Ha vk 1 T Aefe A The
4R AT ol AR Y S B2 THA, A 2. A& H
7Nk SR Se] A fAMY, wheS el theFd #
57|% Wgho] Go|g o] 5O niole uial A 2.1 AeF 5 AR
59 7] gehedE FE5S W Qv 2] 2 Aol AMEH tung oil ¥ divinyl benzene&
AEfE A AL fatty acidh glycerol] AHO Sigma aldrich AFEL AHEHAOT, styrene® B,
9= triglyceride®] T2= o] Fo1A glth o]#ld HE  poron trifluoride diethyletherate (BFE)E TCI A2
frol 54L& 78k QUi fatty acid®] @4 AFESl 2 soybean oil S AlTEE 27)2S AMEEIYOL
o], olz A , olT AT A Tl ofs) AHHrt
[1]. AR g5 A Efol L] gl o] T AT a7z FAo T4
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Fig. 1. Structure of a-eleostearic acid
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Table 1. Compositions and symbols of TO-Styrene-DVB copolymers

Monomers Initiators
Entry - 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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Fig. 2. Alkyl esterification of triglyceride T ANAHE =% AE87)Z Notchdt ¥ Izod =287
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tan § peakE °1 83t TFHA FHHILE AEE gao.
wslom, S Ao 9 storage moduluse] sk Azxd A storage modulus = Y& 2ol A
§ WS DMAE 40 “ColM 180 “C7HT 1 - olah modulus %S FE S, modulus 7o) 57
"Cmin) S S22 S5 @ 27k 2ol 5 e LI modls A o)

Rubber elasticity o] 2] we}, cross-linking density Y Ag el Asy Fxo B4 Yehiths]. &

3\ L

(Ve, mol/m’)= Th-9] 2ol &3] AlLts et [5-7] 2.0 W2 modulus®] A Pa sbaEe] 9 1
E =3v.RT 22} Apo] 5 A (mobility)S Z0A Bel et Lhelt
o714 E’ (Pa)= Tg ©1’&2] rubbery stateoll A 9] 7huldl 3= &sdoln], 1 Fof YEh: 2 25olxe] AA%
FZ A9 storage modulus FtS, R (J/mol-K)2 714 modulus= Z5EA Q] 7l F2E 03 A& &2 <)
BArE, T (KT ddees Hetdth AlLks e AF - o] A3E7] wjfo] Yehduhs]. RE 2AdM AL
% 25 2HHE rubbery stateS 3l Tg + 40 °CE (40 °C)oll A 9] storage modulus®] 7+ A9 598 7t
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Az FegA =24 54 48] gl th
Table 2. DMA results of TO-Styrene-DVB copolymers

Storage Modulus at Storage Modulus at

B , B ; 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 53.4 0.3218
T 433 52.6 39.4 102.7 0.2300
T 244 42.0 377 1424 0.2222
T 640 62.1 0.4 11.3 1.1056
T 631 47.6 4.5 37.9 0.5173
T 622 51.1 16.6 53.4 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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Fig. 3. DMA results of TO-Styrene-DVB copolymers
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(a) Storage modulus of copolymers depending on TO composition (b) Tan & of copolymers depending on
TO composition (c) Storage modulus of copolymers depending on Styrene/DVB composition (d) Tan & of
copolymers depending on Styrene/DVB composition
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composition, (d) Impact strength of copolymers depending on Styrene/DVB composition
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Table 3. Mechanical properties of TO-Stytene-DVB References

copolymers
:;;S;i Elongation SItlI'T:IJlZ]tl
0,
(MPa) at break (%) (k)

T811 038 6.65 193

T622 444 5.52 1.8

T433 19.83 415 1.61

T244 18.83 2.52 130

T640 0.14 5.95 561

T631 1.06 14.15 3.90

T622 444 5.52 1.8

T613 7.39 452 112

T604 8.99 233 1.93
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