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Dielectric Properties of Epoxy/Micro/Nano Alumina Multi-Composites
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Abstract: In this work, the complex permittivity of epoxy resins is measured. Epoxy resins, epoxy with micro size
fillers and epoxy with micro+tnano alumina composites have been evaluated for dielectric properties according to
frequency variation. The dielectric spectroscopy measurement and analyses are carried out in the frequency range of
102 Hz to IMHz and constant to room temperature. The results of dielectric loss suggest that significant
improvement in the electrical performance can be expected by using samples containing nano and micro fillers
As the
characteristics of dielectric permittivity and dielectric loss namely, relative permittivity become low with improving

mixture when compared to materials containing only microfillers. result, we verified the specific

dispersibility of nano+micro mixture composites and become rise with agglomerate of nano particles.
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Table 1. Properties of fillers for the specimens.

Table 2. Definitions of terms.

Property NA pA

Mean particle size 30 nm 1 ~2 pm

Crystal form Gamma phase Alpha phase

R

Particle shape

oxide powerZA] =4 Sukgyung AT Co., Ltd.AlQ
2 SG-ALO309| AIEL ol g3t Lhextel ofol
2 Yxe S4e E 104 Yok 3ER
DGEBA (diglycidyl ether of bisphenol A)E}Q] of =
Al= AFEY Araldite CT-2008 AFESHYITH A=
120°Cof|A] 390 ~520 mPso|t], We = 25°CoflA] 1.15
g/cm® O ZA] gHequip./kg)S 2.55~2.70|c}.
gtA|(hardener)= AlZ=Ho=z HT 90324 Ay
wolM= nAAIS WAIZE Ul e carboxylic
acid anhydride 7|8t Z33tAjolct. §& 2 (melting
range)2 128 ~132°Colt, ¥ &= 130°CoA] 1.22~
1.25 g/cm’olct. Ato] e <3(%), LA T
0~0.2%=% <P WAl Mot S ZAeth dgt
RM=ZA AFEH carboxylic acid type (anhydride)=
FX717]1 BALAQ GIS spacerd] EAAM2A &
HASHA AMEEL Qlon, uhd YedRojue] &
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Abbreviation The original terms

GDE Glycerol diglycidyl ether

ER Epoxy resins

HA Micro alumina

NA Nano alumina

EpAC Epoxy micro alumina composites
EuNAC Epoxy micro nano alumina composites
EuSC Epoxy micro silica composites

Table 3. Type of sample.

GDE_NA MA_

Number Specimen ER Hardener aram phr wi%
1 ER 100 40 0 0 0
2 EpAC 40 wt% 100 40 0 0 40
3 EpAC_50 wt% 100 40 0 0 50
4 EpAC 60 wt% 100 40 0 0 60
5 EpAC 70 wt% 100 40 0 0 70
6 EpNAC 40 wt% 100 40 1 1 40
7 EpNAC_50 wt% 100 40 1 1 50
8 EpNAC 60 wt% 100 40 1 1 60

l Nano alumina surface modification ‘

Solid Epoxy Melting and
Addition (toluene + acetone+GDE)

¢ stirring
| MNano Alumina Addition |

Ultrasonic Dispersion

Remove of Toluene and Acetone
thigh Temperature 8 Vaccume)

MNanocomposites of Liquid state
(Dispersion state)

| Micre Alumina (40,50,60wt28) Injection

l Stirring/Shr(Vaccume state)

| Curing Procedure{140°C X 16hr)

v

| Desicator (storage) |

Fig. 1. Preparation procedure for epoxy/micro alumina/nano

alumina mixture composites.
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Fig. 2. Dielectric properties for contents of nA filler

according to frequency variation. (a) 0.01 Hz—1.09 MHz and
(b) 0.01 Hz—1.09 MHz.
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Table 4. Relative permittivity value properties according to
filler contents of EpAC.

Sample 1 Hz 1 MHz Note

ER 4.22 3.8 )
EpAC 40 5.94 4.69 Relative
EpAC 50 5.43 4.84 permittivity
EpAC_60 5.52 4.96 (e;)
EpAC 70 6.35 5.48
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