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ABSTRACT : The fluorine-containing epoxy resin, 2-trifluorotoluene diglycidylether (FER) was prepared by
reaction of 2-chloro-a,o,c-triflucrotoluene with glycerol diglycidylether in the presence of pyridine catalyst.
Curing behavior of FER/DDM system was investigated using dynamic and isothermal DSC. Cure
activation energy (E,) was determined by Flynn-Wall-Ozawa’s equation. The rheological properties of
FER/DDM system were studied under isothermal condition using a rheometer. Cross-linking activation
energy (E.) was determined from the Arrhenius equation based on gel time and curing temperature. As a
result, the chemical structure of FER was confirmed by FT-IR, *C NMR, and '°’F NMR spectroscopy. The
cure activation energy of FER/DDM system was 53.4 kJ/mol and conversion and conversion rate were
increased with the curing temperature. The cross-linking activation energy of FER/DDM system was 41.6
kJ/mol and gel time was decreased with the curing temperature.
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Figure 1. Chemical structures of the materials used.
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Scheme 1. Synthetic mechanism of fluorine-containing epoxy resins.
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Figure 2. FT-IR spectra of fluorine-containing epoxy resins. (a)
CBTE, (b) GDE, and (c) FER.
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Figure 3. "C NMR spectrum of fluorine-containing epoxy resins.
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Figure 4. "F NMR spectrum of fluorine-containing epoxy resins.
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Figure 5. Dynamic DSC thermogram of FER/DDM system.

Table 1. DSC Thermogram Data of FER/DDM System
at Different Heating Rates

heating  initiation of curing maximumpeak  final curing

rate temperature temperature temperature (?/Z)
(C/min) JHEY) .,(C) I:(C)

5 49 130 210 416.2

10 62 147 231 415.6

15 71 159 243 412.7

20 77 166 247 394.9

Z2|H, A278 A3E, 20034

sjojaA)e] &% (T), A3} TR 2% (T,

Synthesis and Properties of Epoxy Resins 179

(D

Ing = 4)—Ing(o)—5.33

p

A7|A, g5 $2 &5, 4= A5Y AR 2 FH
W 3jo)AAL &, gov AZTE EIe T,
a3 RE A A A4 YERich

A (el 7123t A7k 2 S uiE Ao W
9 258 78 F Ing v T2 BA¢ 28k a8)=o
7}&7) (-1.052E,/R)Z2H¥ E S A8t Table 2 ot

e em, 2 g2 53.4 ki/molo] it

52 Dscell 9 d¥4. 52 DSC EEAHE A
g3to] 247} ohe A3t 2xolA wske wdge]
25 3¢ FERDDM A|2Hl9| A3t 54& 24}
Sk dbHe® doje} 4o Y QA 52 A
=3 e oM T2 2Evh B4 mEid 9

A7 ARAAE 7AE 5 ok el A ok
Figure 6° FER/DDM A]25le] Z7] of& 73} 259
9] Azl A7kl W A3t ukg-e] wgs]o]=e] #Hat
£ vepuiglel. 27l Azt 27t FolAsE 8
o glolar} Az|i A3} ke xS & 5 olck
733} wheo] AZE (2 A3 A qEA, 4
(F AH&3he) F3kelck

=

Table 2. Cure Activation Energy (E)) of FER/DDM
System

kinetic heating rate ( C/min) E,
factor 5 10 15 20 (kJ/mol)
1UT%10° 248 238 232 2.28 534
Ing 1.61 2.30 272 2.99 ‘
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Figure 6. DSC thermograms of FER/DDM system at various
cure temperatures.
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Figure 7. Conversion vs. cure temperature of FER/DDM system.
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Figure 9. Plots of G', G ", and tan & vs. time of FER/DDM system. (2) 100 C, (b) 110 C, (¢) 120 C, and (d) 130 C.

Cndl+ Lo )

AsRA ABe £x9) FHslei daEelx]
=22 A () thea} 2ol wesiE 4 9

E
Int, =—%+C
¢« = RT 6

A7NA, 1= AsE A R 71A A, T s &
&, 283 ce 45§ 47 VEich

Table 3] A3z &% 2 Al A77 2 (6)2 A3}
o Ins, vs. 1/TS] BA ol 4?& = e] 71&7] (E./RE
PE EE T8l Table 40 Ve, O 3 416

Eg8/H, A274@ A335, 20033

Table 3. Gel Times of FER/DDM System

reaction temperature ( C) 100 110 120 130
gel time (sec) 1546 826 749 529

Table 4. Cross-linking Activation Energy (£, of FER/
DDM System

kinetic curing temperature (C) E.
factor 100 110 120 130 (kJ/mol)
UT(<10°) 268 261 2.54 248 e
In¢, 7.34 6.72 6.62 6.27 )
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