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DC Electrical Treeing Characteristics for the Epoxy Resin Composites Doped With
Different Al,O3 Particle Sizes
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ABSTRACT: In order to improve the electrical properties of
epoxy resin for terminal insulation of superconducting DC
power transmission system, the Al,Osepoxy composites with
mass fraction of 1% and particle size of 50nm, 1um and 10um
were respectively prepared. The electrical tree initiation
characteristics of composite dielectrics at room temperature
and liquid nitrogen temperature under DC voltage, and the
electrical tree growth process and partial discharge
characteristics under DC 35kV voltage were studied. The trap
characteristics of Al,O3 epoxy resin composites were analyzed
by surface potential decay tests. The results show that at room
temperature and liquid nitrogen temperature, micron and
nanometer Al,O; can inhibit the initiation and growth of
electrical tree in the epoxy resin. Moreover, the smaller the
particle size of AL,Os, the better its inhibition effect on the
electrical treeing. Liquid nitrogen environment has an obvious
effect on the morphology of the electrical tree in epoxy resin
and its composites. Liquid nitrogen at low temperature can
significantly inhibit the growth rate of electrical tree in the
materials, but there is a phenomenon that low temperature
leads to cracking and breakdown of the insulating materials.
Finally, the trap characteristics of the composites were
calculated according to the surface potential decay curve. The
analysis of trap characteristics shows that the doping of
micro/nano Al,O; would change the density and energy level of
the traps in the material, thus changing the dielectric properties

of the materials.
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In order to improve the electrical properties of
epoxy resin for terminal insulation of superconducting
DC power transmission system, the AlL,O; epoxy
composites with mass fraction of 1% and particle size of
50 nm, 1pm and 10pm were prepared.

The electrical tree initiation characteristics of
composite dielectrics are at room temperature and liquid
nitrogen temperature under DC voltage, and the
electrical tree growth process and partial discharge
characteristics under DC 35kV voltage were studied. DC
electrical tree initiation probability of epoxy resin and its
composites are shown in Fig. 1, and DC electric tree
growth curve of epoxy resin and its composites at room
temperature and liquid nitrogen temperature are shown in
Fig. 2. From the figure, we can see that the low
temperature of liquid nitrogen and Al,O; particles inhibit
the initiation and growth of DC electrical tree, in which
the particle size of Al,O; is 50 nm and 1pm has a good
inhibitory effect on electric tree, and the particle size is

10um the effect is poor.
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Fig.1 DC electrical tree initiation probability of

epoxy resin and its composites

S31

2000

5600 -

1600 -
4800 -

1200 -

4000

//t”'—* //{ =8

LW

0 1 2 3 4 5

3
3

3200 -

Electrical tree length/um
Electrical tree length/um

2400

=
3
S

Time/h Time/h

(a) Room temperature (b) Liquid nitrogen temperature

Fig.2 DC electric tree growth curve of epoxy resin and its

composites at room temperature and liquid nitrogen temperature

The trap characteristics of AlLO; epoxy resin
composites were analyzed by surface potential decay
tests. Trap density and energy level distribution of epoxy
resin and its composites are shown in Fig. 3.The analysis
of trap characteristics showed that the doping of
micro/nano Al,O; would change the density and energy
level of the traps in the material, therefore dielectric

properties of the materials were changed.
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Fig.3 Trap density and energy level distribution of

epoxy resin and its composites

The addition of micro/nano Al,O; particles will
deepen the trap density and energy level of epoxy resin
and hinder the process of electron trapping and de
trapping. Low temperature will reduce the trap density
and energy level in the composites and reduce the

electron mobility. Therefore, the low

temperature
environment of liquid nitrogen can significantly inhibit
the initiation, growth and partial discharge of electrical

tree in epoxy resin composites.



