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Abstract: Curing behavior of epoxidized soybean oil modified epoxy resins cured in the presence of an anhydride hard-
ener was studied by differential scanning calorimeter (DSC) and oscillatory rheometer. The rate and the heat of cure reac-
tion decreased and the time of gelation lengthened as the epoxidized soybean oil content increased. The isothermal cure
results using DSC fitted well to the values calculated by the modified Kamal’s model. It is thought that the reactive epox-
idized soybean oil modified epoxy resins with improved processability as well as flexibility and good weather resistance
can be obtained by introducing small amount of flexible epoxidized soybean oil to the weather resistible cycloaliphatic
epoxy network.

Keywords: epoxidized soybean oil, cycloaliphatic epoxy, methyl hexahydrophthalic anhydride, cure kinetics, chemo-
rheology.
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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. Mixing Ratios of EMEs at Different ESO Contents
(Wt%)

Sample Epoxy ESO Hardener Accelerator
EMEO 100 0 105 1
EMEI10 90 10 102 1
EME20 80 20 98 1
EME30 70 30 95 1
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Figure 2. Reaction scheme of epoxidized soybean oil modified
epoxy with anhydride.
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Figure 3. Complex viscosity of EMEI10 at different temperatures.
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Figure 4. Isothermal cure rheogram of EME10.
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Table 2. Gel Time and Activation Energy of EMEs at Different
ESO Contents

Sample Gel time (min) E,
code 80°C 90°C 100°C 120°C (kl/mol)
EMEO 105 45 20 53 86.12
EME10 100 47 22 5.0 86.58
EME20 107 49 24 5.8 84.14
EME30 132 58 28 7.1 85.83
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Figure S. In #,, vs 1000/T for EMEs at different ESO contents.
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Figure 6. DSC curve of EMEs at different ESO contents and a heat-
ing rate of 10 °C/min.

Table 3. DSC Results of EMEs at Different ESO Contents

Sample code AH E,
J/g) (kJ/mol)
EMEOQ 389.2 71.06
EMEI10 348.5 70.75
EME20 3355 68.62
EME30 3243 70.64
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Figure 7. The Kissinger plot of EMEs at different ESO contents.
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Figure 8. Isothermal DSC curves of EMEs at different ESO con-
tents and 130 °C cure temperature.
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Figure 9. Peak time and heat of cure vs temperature for EMEs at
different ESO contents.
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Figure 10. Isothermal heat of cure of EMEs at different ESO con-
tents.

273sle] 71E W] Zolof o8| o HAUigte vu e =
DA F - B H|S23E Ao 2 ESO o] 71
o] w} e 7AE Hol=r 10 wit% ot F71slS o

A
= i gage] &

1
7

=
=
oE= AL E T AU
2738t Aol A FA] FA 6] Hsuk-gE A&l vES-
(autocatalytic reaction)>Z 7FHE3t H48Hd REl24 Kamal

2lo] 9l oz 7o) 2

%? — (ky oy d™)(1- )"
4
where k; = kioexp(—

AEai .
)12

:

£

74, ki, ke 27 BIAEeF A5 jEgol] Tk whe<s
2, mt ne WRSAE ky, ke AAE0IAY, E,, E,
= 243} oflAjoltt.

o] ZAle] H3lAF2 27l B3} A RES(activation-
controlled reaction)® 2 A X=X RE 2} whg-o] Fla)gtel uw}
2} 2 7]do] kA uk-3(diffusion-controlled) 22 1 315]
7] 2ol SR, Aeye Jisle] 4E modified Kamal’s
model 2] (5)¢} 7t} 3B

(8]

L= (hy + k™)1 ) fl )

; ©)

—_— 1
l+exp(a—a,)/C

A7NA, o= T3] szl g Ao Aesol|a, C=
Zhakj 7)Aol T}, 7HAE Kamal’s modelol] o 3h Bk-3-H 4=
S5 ohAF 3HHE o]&ste] g $ Table 40l =351
o 27 EEHE MSEEAE k, b #e) = O 5718
A=t k7F U dREA F7FFAAL ESO #Ee] S5
I 37X AT m, n g HEZo] I3 o]

where fla)=

Polymer(Korea), Vol. 42, No. 3, 2018



490 31913] -

Table 4. Kinetic Parameters of Modified Kamal’s Model for

Table 5. Activation Energy and Pre-exponential Factor of

EMEs EMEs at Different ESO Contents
Sample Sample E, E, Inky, Inky,
code T g ke " " % ¢ code (kJ/mol) (kJ/mol) (sec™) (sec™)
130 087 323 043 0.13 0.89 039 EMEO 69 69 13.5 14.8
EMEO 140 127 5.14 051 0.87 0.88 0.08 EME10 102 117 22.9 28.5
150 230 854 051 093 0.87 0.08 EME20 99 111 223 27.0
130 054 0.18 031 0.00 093 027 EME30 121 206 287 554
EME10 140 1.01 432 052 061 092 092
150 227 929 069 078 097 0.12 0.3
130 066 254 053 118 091 086 ESO content (Wt%)
EME20 140 141 510 065 137 085 094 "= A o
= v 10
150 227 758 057 109 090 085 = o2l ® 2
130 058 228 058 123 083 0.10 E M“tt_’_‘ i
o
EME30 140 112 100 103 219 077 0.1 s ;'v‘;‘. N
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