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Abstract: Cycloaliphatic epoxy resins were mixed with epoxidized soybean oil (ESO) and cured with cycloaliphatic
anhydride. Thermal, mechanical properties and morphology of the epoxy resins were investigated by TGA, DMA, UTM,
impact tester, and SEM. As ESO content increased, the tensile, flexural, and impact strengths of the epoxy resins
increased and had maximum values at 10 wt% of ESO content. The morphology revealed that the impact strength
increase was due to the flexible ESO aliphatic chain introduced into the epoxy network, which caused the rough fractured
surface and absorbed the impact energy. Therefore it was thought that the epoxy resins with improved mechanical prop-
erties and good weatherability as well as environment friendliness and economic feasibility can be manufactured by add-
ing a small amount of reactive ESO into cycloaliphatic epoxy resins.
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Figure 1. Chemical structures of materials used in this study: (a)
Epoxy (ES602); (b) hardener (HJ5500); (c) accelerator (2E4MZ-
CN); (d) ESO (E-03).

Table 1. Formulation of the ESO Modified Epoxy Resins at
Different ESO Contents (wt%)

Sample Epoxy ESO Hardener  Accelerator
EMEO 100 0 105 1
EME10 90 10 102 1
EME20 80 20 98 1
EME30 70 30 95 1
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Figure 2. TGA thermograms of EMEs at different ESO contents.

Table 2. TGA Results of EMEs

Sample Residue T5 i loss Tinax E, IPDT
code (Wt%) O °C)  (kJ/mol) §©)
EMEOQ 0.49 375 433 226 368
EME10 0.31 347 432 207 359
EME20 0.37 355 432 202 362
EME30 0.51 350 432 188 360

ALEEAEE AAIR 360 °C F-ZollM e g TtlE 2
& AL ESO ol Skl meh v A48k

o]’F3 7ol ESO £ ollEA|o] disle 7Hr w2l &
g 248}, @) Thae] Ao R oloixe d#e] 3y
soto] dofdtt. 2alRkge] &2 Horowitz and Metzger
AL olgsle] wall st oUAE 7 ek

X

1o o 4

In[In(1-a) 1= E,0/(RTy,,) M
A7, o= FelitE, Ex I8 2443} oUAl, T
HEs)] SrolMe] L5, 9=T-T,,°13 RS o712
ot}

Figure 3= In[In{1/(1-)}]9t A=T-T,)E plots 2 o=
714717} EJRT.,.©] 13 Table 28] T, it< AH8-aPA E,
S 7 5 Atk o] 3S Table 20 F7lsle] Aelsidct. A
AH o2 ESO FHgo] 571kl wet Exe dshe 3ol
12 ATt

e HAMIR dojR= A = e
W 5l X182 (IPDT, integral procedural decom-
position temperature)= Doyleol| 2J3] 2] (2)& A|Qt= AT}

;O

rr o o

2~
e
oxé

ru
A ng 1o

1 -

Ry

-

T

2
(5;+S,)

IPDT = 5.(5,+5,15y)

*(Te=T)+T, (@)

Zan, A)4298 A35, 201843

ESO content (wt%)

A o
v 10
® 2
B 30

In[ In{ 1/(1-c) } |

T- Tmax

Figure 3. Kinetics of thermal decomposition of EMEs by using
Horowitz-Metzger method.
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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 energies at different ESO contents.

REH2Y 2% 9EGS HYF Ee W XA =
ek 7hA7dERS Kol glovt 2wt S ulket 100
~170°C Atele] 2&elA] F243] 7H4astsl=t] ESO Tl
7142 BS AAET ol ol FA] AR 71 #
gk ESO Akzo] AFA] Wl S71gk) wet E2r ke 579
o] T7FP| WiE o= AlEEH FAS HA & EVE A9 0
o] & H2 vl BE 2noME Tttt HoldA] &
ol ghekEh

Figure 6 SFo] 2R 188 35°CellA] ESO gl w2 A
ArEH2E JeERET ESO 10 wt%eol A AlY H& 7hs
B H7tego] Z7FE 2 3ho] okt o= o FA]
o] WEE& =9} BSOS W&k ol 2 s Eddd
(heterogeneous phase)°] ¥4 ==H ESO 10 wi%2] 73
o ZA9} ESO7} A9} A4 EAEe] aiAt Bl
’Fgslox e} o] FgsiA TS 7] WMo R AlsE
1;}“20

2000
S~ 3 2000
S O = 1900 -O"O\\
RN O 1800 Q,
1500 | RN .
SO Ny S 0
S\ Y W 1600
E N W 0 10 20 30
= 1000 | \ \\ \\ ESO content (wt%)
- ESO content (Wt%) \ | |
u W 1
——=- 0 \\\‘. \
500 - — == 10 \\‘ \
—— 20 Lt
———- 30 W
W\
oL NN |
50 100 150 200 250

Temperature (°C)

Figure 6. Storage modulus of EMEs at different ESO contents.
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Figure 7. Tan § of EMEs at different ESO contents.

Table 3. Thermo-mechanical Properties of EMEs at Different
ESO Contents

Sample Tg(n]é?C T, (Pé\;[A (ol BeC a Tgf30 °C
(MPa)  (MPa)
EMEO 135 146 1608 1912 18
EMEI0 124 138 152 1929 17
EME20 123 137 1539 1788 17
EME30 116 133 1312 1709 14
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Figure 8. Tensile properties of EMEs at different ESO contents.
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Figure 9. Flexural properties of EMEs at different ESO contents.
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