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Evaluation of the water absorption content effect on the dielectric
properties and tensile strength of polymer composites
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Water absorption tests were performed on unidirectional glass/polymer composite materials used in high
voltage composite (nonceramic) insulators. The composites were based on E-glass fibers with polyester
resin. The composites were exposed to distilled water at room temperature and their resistance to moisture
absorption in terms of the rate of moisture absorption, maximum moisture content and apparent diffusivity
was determined. In particular, the effects of specimen geometry (the edge effect) on moisture absorption by
the composites were evaluated. It was found that changes in moisture content have a special effect on the
mechanical and electrical properties of the composite material. The tensile test was conducted to determine
the mechanical properties, breakdown voltage and the leakage current were measured to determine the
electrical properties and scanning electron microscopy was used to observe the morphological property of
Glass Fiber Reinforced Polymer (GFRP) samples. A reduction in both module and tensile strength was
observed with water aging. Module and tensile strength decline from 491 to 432MPa and from 26.3 to
21.5GPa respectively. Furthermore, Water absorbed by composite samples had a detrimental influence on
the breakdown voltage and leakage current of composite specimens that could be an indicator of
degradation. As a result of this degradation, we have a drop of 13V/Cm and an increment of 2pA in the
amount of breakdown voltage and leakage current respectively.
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Table 1 the composition Details of the composite specimen in this
study.
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Fig. 2 Schematics of a flat plate sample.
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Table 2 The variation in sample weight due to immersion in distilled water
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Fig. 5 SEM images of E-glass/polyester composite along with (a) and
perpendicular to (b) fiber direction.
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Table 3 The percentage of moisture absorption of composite specimens in different time periods.

oSile Mo M, Mg M, Ms Ms M, ‘”’t" )“L"
090
0627 0593 0567 0638 0606 065/ 0582 0.75 1
0869 085 0753 0883 0839 0916 0841 0971 2
1154  1.163 1.1 1216 1175 1129 1123 1173 4
1145 1121 1077 1188 1.17 1.17 1114 1177 6
1153 1071 1.11 1206 1189 1161  1.146 1.19 10
1245 1295 1172 1281 1289 1286 1192 1226 18
1259  1.299 1.21 1258 1264 1282 1215  1.285 24
1273 1308 1225 1278 1292 1201  1.225 1.29 29
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Fig. 6 Comparison of water absorption behavior of composite with Fick penetration model
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Table 5 Resin and composite absorption coefficient in different
directions
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Table 4 absorption coefficient of composite sample

D) n? e Ma
s 4M,, Vi — Vi
6.91E-06 1.062 6.51E-06 1.29 4
4.62E-06 1.178 3.92E-06 1.225 5
4.35E-06 1.060 4.10E-06 1.201 6
4.50E-06 1.059 4.25E-06 1.292 7
5.07E-06 1.077 4.71E-06 1.281 8
4.38E-06 1.178 3.72E-06 1.225 9
4.20E-06 1.033 4.07E-06 1.308 10
4.86E-06 1.273 RS
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Table 6 Breakdown voltage and leakage test results of polyester
composite specimens.
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Raw Sample
— — — Exposured Sample (29 days)
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Fig. 8 Tensile stress—strain curves of pultruded E-glass fibre reinforced
unsaturated polyester composite before and after exposure to distilled
water
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Fig. 9 Change in tensile strength and Young's modulus due to
exposuring
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Fig. 7 Change in leakage current according to amount of moisture
content
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