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Abstract : In this study, unsaturated polyester/silica composites for insulating materials have
been prepared. Isophthalate-type unsaturated polyester was compounded with Si0, as an in
organic filler and the resultant compound was cured by peroxide in the presence of cobalt
octoate. The effects of the addition of the silane coupling agent on the electrical properties
and mechanical properties of the composites were investigated. The composites were cured at
room temperature for 24 hrs and then post-cured at 80°C for 24 hrs. It was found that the
mechanical properties such as flexural and tensile strength and electrical properties were op
timum when 4 wt.% of silane coupling agent was applied. The composites were found to be
good insulators for their low thermal expansivity(27m p/m °K) and their low tand (</3%)
and relative permittivity values(e, =2~7), which were not changed significantly with the

contents of the silane coupling agents.

Keywords : insulating material, silane coupling agent, composite.
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Table 1. Properties of Unsaturated Polyester Resin
Used in This Study

Compenents [Monomer Degree Density  Non-  Viscosity
ratio(Iso- of (25C)  wvolatllity (25TC)
phthalic type) Acid g/’ [ep]
IPA(15)/FA

(65)/
THPA(20), | styrene 25 L1000 60(%) 4-45
NPG(70) /PG|

(30)*

* IPA ; Isophthalic acid, FA : Fumaric acid, THPA ; Tetrahy-
drophthalic anhydride, NPG : Neopentyl glycol, PG : propylene glycol
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Table 2. Properties of Silica used in this Study

. 1Y Glical Silica? Silca Silicad
Properties

Chemical SiOZ( %) 99.8 995 995 995

component Fe,0,(%) 0.012 0.03 0.03 0.03

1 03(%) 0.075 0.20 0.20 0.20

K,0+Na,0(%)  0.02 0.10 0.10 0.10

L. 0. 1(%) 0.06 0.08 0.08 0.08

Physical Surface area(m’/gr) - 0.21 037 043
properties  Oil absorption(%) - 145 175 195

Bulk density (gr/em®* 1.5 115 0.90 0.85
Density(gr/cm®) 2.65 2.65 2.65 2.65
P.H. 70 75 75 75

* Method C of ASTM D1895(1969)

Table 3. Characteristics of Silane Coupling Agent

Chemical name 3-methacryloyloxypropyltrime-
thoxy silane

H,C=C(CH,)CO,(CH,).8i

Chemical structure

(OCH,),
Molecular waight 248.35
Specific gravity 1.045
Thermal expansion ~ 0.00092[m/(m « K)]
coefficient
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Fig. 1. Particle size distribution of {illers(a) silica 4
(b) silica 3 (c¢) silica 2 (d) silica 1.
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Table 4. Composition of Composites Specimen with
or Without Silane Coupling Agent

Symbol
WFO PURE Sil1 Sil2 Si3 Sild4 Si5
Materia

R371IINX 30 30 30 30 30 30
Silica 70 70 70 70 70 70
Silane™ 00 1.0 20 30 40 5.0

a) wt. % based on 100 gr of resin (R371INX)
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Fig. 2. Flow chart of specimen making process.
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Fig. 3. Effect of post-cure time(80°C) on flexural
strength of unsaturated polyester/silica composites.
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(c) Sil 4 specimen(silane 4 wt. %)

Fig. 5. SEM micrographs of cross-section of frac-

tured surface after flexural strength test.
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Fig. 6. Effect of silane coupling agent contents on
tensile strength of unsaturated polyester/silica com-
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Fig. 7. SEM micrographs of cross-section of frac-

tured surface after tensile strength test.
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Table 5. Insulating Resistance Characteristics of
Composite Species with Different Contents of Silane
Coupling Agent

Species \/'olur[n;2 .resistivity Surface[ ;;sistivity olol|A] TABAZI TEo] 2RREI} 2718
e — TR b 24417 o BY¥EE WYl EUYUS ¢ &
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Table 7. Summary of Mechanical and Electrical
Properties of Unsaturated Polyester/Silica Compos-
ites With or Without Silane Coupling Agent

A 3 PUR SIL4
4 (silane Owt%) (silane 4wt%)
22745 [N/mm?] 15.1 210
Z2E4 & [N/mm’] 530 970

AR [kg/em?) 200 400

A4EA & kg/om”) 8.8x10° 153x10°
ARHR[Q - em] 8.16x10" 4.07x 10"
FHAR Q) 2.66% 10 113x 10"
olF &Y FFY &L - 38

& ZARIS
HE7y 12.7904 15.1
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