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Fig. 1. DSC experimental results of epoxy resin.
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Fig. 2. (color online) Complex permittivity of epoxy
resin as a function of frequency at various tempera-

tures: (a) Real part; (b) imaginary part.
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Fig. 3. (color online) Experimental and calculated
complex permittivity of epoxy resin as a function of

frequency at 180 °C: (a) Real part; (b) imaginary part.
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peratures excluding direct current (DC) conductivity.
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Fig. 5. Dielectric relaxation strength of epoxy resin
as a function of reciprocal temperature. Symbol and
solid line present experimental and calculated results,

respectively.

0.14
— 120 C
0.12F - — 140 «C
—-—160 C
0-10F ... 180 C
E 0.08
>
0.06
0.04 /
’
0.02 > ts
E .: ;/_.’ - sl .....Ik .....S oo Sl ol

PRI PRI m
(1]0’12 10-10 10-% 10-6¢ 10-* 102 100
TSt IE) /s
6 (MTIRE) EMIRAE IR T 578 B R st )
oA
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segmental chains in epoxy resin at high temperatures.
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Abstract

Epoxy resin is widely used as a polymeric insulating material in power equipment, such as gas-insulated switchgear
and gas-insulated lines. The motions of molecular chains or segmental chains in a polymeric insulating material can af-
fect the material properties, such as dielectric relaxation, charge transport, breakdown, and glass transition temperature.
Molecular or segmental chains may form dipoles, and their motions can contribute to dielectric relaxation properties.
Molecular or segmental chains with different scales have different relaxation time constants. Their motions affect dielec-
tric relaxation processes in different frequency ranges. The motions of molecular or segmental chains are also affected by
temperature, since the magnitudes of motions are restricted by free volume in a polymeric insulating material. However,
the effects of motions of molecular or segmental chains in epoxy resin on electrical properties have not been very clear
to date. Therefore, it is important to investigate the relations between the motion of molecular or segmental chains and
dielectric relaxation properties, the temperature and molecular scale dependence of the motions, and their effects on
charge transport of epoxy resin.

In this paper, the properties of dielectric relaxation and glass transition of epoxy resin are measured. Before the
experimental tests, samples of pure epoxy resin are prepared by using epoxy raw materials supplied by Pinggao Group,
and the curing temperature is 130 °C. The glass transition temperature is around 105 °C measured by a differential scan-
ning calorimetry (DSC). As for the dielectric relaxation measurement with Novocontrol broadband dielectric relaxation
spectroscopy, the sample is processed into a disk with a diameter of 50 mm and a thickness of 1 mm. The measurement
temperature and frequency are in ranges of 100180 °C and 1071-107 Hz, respectively. The results reveal that there are
two relaxation processes at high temperature. In addition, above glass transition temperature, a relaxation peak occurs
at high frequencies due to the motions of molecular chains or segmental chains, and a direct current (DC) conductivity
resulting from the migration of charge carriers appears at low frequencies. Besides, molecular chains with different scales
have different relaxation times. It is found that epoxy resin has a very broad distribution of relaxation times. The distri-
butions of relaxation times at various temperatures are calculated. The results show that the temperature dependence of
molecular relaxation and DC conductivity satisfy Vogel-Tammann-Fulcher equation. Through fitting the experimental
results, the Vogel temperatures and strength parameters of molecular relaxation and DC conductivity are obtained.
From the Vogel temperatures, the glass transition temperature is estimated to be 102 °C, which is consistent with the
DSC result. It means that free volume in epoxy resin increases with the increase of temperature, which facilitates the

motions of molecular chains and the migration of charge carriers.

Keywords: epoxy resin, dielectric spectrum, glass transition, relaxation properties
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