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ABSTRACT : The dielectric constants of fluorine-containing epoxy resins, 2-diglycidylether of benzotri-
fluoride(FER)/4,4’'-diamino-diphenyl methane (DDM) and diglycidylether of bisphenol-A (DGEBA) DDM
systems were evaluated by dielectric spectrometer. Glass transition temperature and thermal stability
factors, including initial decomposed temperature, temperatures of maximum rate of degradation, and
decomposition activation energy of the cured specimens were investigated by dynamic mechanical analysis
and thermogravimetric analysis. For the mechanical properties of the casting specimens, the fracture
toughness, flexural, and impact tests were performed, and their fractured surfaces were examined by
scanning electron microscope. The dielectric constant of FER/DDM system was lower than that of
commercial DGEBA/DDM system, and the mechanical properties of the cured specimens showed higher
values than those of DGEBA/DDM system. This was probably due to the introduction of trifluoromethyl
(CF5) group into the side chain of the epoxy resins, resulting in improving the electric and mechanical

properties of the epoxy cure system studied.

Keywords : fluorine-containing epoxy resins, electrical properties, critical stress intensity factor,

activation energy, dielectric constant.

1. A&

423 282 19384 du PontAl] Jackson A8
Aoy H-Fog WA= ojf] 553 SA42E <l3ly

E2(H, A277@ #33F,200343, pp 183-188

183



184 Parketal

(CF;) 71%& =913l Axsk CF Aoz Qsld §4
Ay=o] 7¥Aa9l Fgo] ABlEHS P 4 o 4
AT Gojjel i AFgS / o
3 NAH B4, 29 9 B3 4L
w2bA CF 718 348 28249 ¥4

% ¢J8F acrylic monomer= UV 734
skA71A] k3 ] o] £xF FAAZ 0w CF; 7|5
48t dimethacrylates 58 WsAld 71AR &
< Yehiiglen® CF; 7]& =403 poly(imide amide),
polyether azomethine, bisphenol T2 % daAA,
2 79 Aol 25 ¥ AAEE Yehilew, CF
& 383 polybenzothiazoleJ"’Jr 2] CF; 715 =4
gk ZEjou|Es 2 7Y Ao £x9 4% dUA
A 2 AR 245 Yehigicl? 283 CF 71§ 3
T8 A EFAl A= 8k ke, A, 71AIA
248 Yehiigith?

w2, & ATl oflA H3HA|Q] 4.4-diamino-
diphenol methane (DDM)®l] &3+ CF; 7]& 73 o &
Al 2], AxEHEF o= 9] tho]FF A oH =
(FERYDDM A28} HE X9 H|A#HE A9 tlo]
ZYAd oH2ZE H3A DDME JHAZ A3
DGEBA/DDM A|A®le] AerAA, 71A417 B4, 1281
A A 55 A3 v|m - 2F3k A} 314k

-1
=]
3

2. A¥

ANE. o|BFA ANFA FA= FE3Ee] vliwlE A
9] t}olZE A oH|Z (DGEBA, YD-128, EEW=185~
190 gleq, d=1.16 g/em’yE AR&-3lg 2, A3}4] DDM&
AldrichAFe] AlekE ARE3lglon, HixEEF Qo)
o] ge]Z A ofHZ ANFA] A= v 2ol
FAstgch

2-Chlorobenzotrifluoride (27.1 g, 0.15 mol), glycerol digly-
cidyl ether (30.6 g, 0.15 mol), pyridine (0.28 g) % hydro-
quinone (0.12 g)& <=4} wHk7]7} &3] 500 mL -5
7)ol Y3 30 T7HA] 74t ohg A4 £917] slellA
24717 kst wEEAIZTE AEES AHRY F
100 T, AFA FH3t 58 80% o] &4
+ d&FA A FERE 4}tk 45 49 sieh+
ZZ FT-IR, °C NMR, 28]z “F NMRE E3}o #<ls}
dew, £ Q7o) Ag= d=FAe}t HsiA| DDM| 3t
3 T2 A2 Figure 19 Yok

FT-IR (KBr) : v = 851, 910 cm’ (]| &A]7]2] C-0-C),
1256 cm™ (S &EA)7)2] C-C), 1105 cm™ (-CF3), 1612 cm
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Figure 1. Chemical structures of the materials.

(3EZ9] C=C), 3058 cm™ (329 C-H).

®C NMR spectrum : 6 = 43.3 ppm (°|ZA]7]<] CH,) ,
50.5 ppm (2l Z2]71¢] CH), 70.6 ppm (1 5-4]712] OCH,),
78.4 ppm (-CHO-), 127.7 ppm (-CF3), 127.5, 131.6, 133.9
ppm (1A ).

°F NMR spectrum: 8= -61.95 ppm (-CF5).
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Figure 2. The tand FER/DDM of and DGEBA/DDM systems as
a function of temperature.

2400

—— FER/DDM
,,,,,,,, DGEBA/DDM

o 1800

g |

2

7

S 1200

S

g

Q

5 ol

o

o s00

©

D

S

L

(D S

N S S
T 20

0 60 1£0 150 240
Temperature (°C)

Figure 3. Storage modulus of FER/DDM and DGEBA/DDM
systems as a function of temperature.
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Figure 4. TGA thermograms of FER/DDM and DGEBA/DDM
systems.

Table 1. Thermal Stability Parameters of Cured
FER/ DDM and DGEBA/DDM Systems

System T.(C) IDT(C) Tu(C) E (kl/mol)
FER/DDM 105 296 424 106
DGEBA/DDM 193 354 383 132
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Figure 5. Plots of In{In(y")] vs. 1/T for FER/DDM and DGEBA/
DDM systems.

Table 2. Mechanical Properties of FER/DDM and
DGEBA/ DDM Systems

system  Kc(MPam') o;(MPa) E,(GPa) impact strength
(kN/m’)
FER/DDM 5.63 1185 4.08 499
DGEBA/DDM 3.53 113.5 2.94 26.0

5.0

a FER/DDM
b DGEBA/DDM

45

Dielectric constant
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Figure 6. Dielectric constant of FER/DDM and DGEBA/DDM
systems as a function of frequency.
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Figure 7. SEM photographs of fracture surfaces of FER/DDM
and DGEBA/DDM systems after K¢ test. (a) FER/DDM and
(b) DGEBA/ DDM.
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