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Relation between Curing Formation and Electrical Insulation Properties in Epoxy Resin
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ABSTRACT

Expoxy Resin, as a new electrical material, shows prominent chemical reaction in the curing process
and as it gives various physical and chemical characteristics depending on the curing agent and curing
condition, the studies on the relation between curing formation and electrical insulation properties in
epoxy resin, will contribute to improving its insulation characteristics.

And, it is confirmed by the experiments that the curing process occurs by chemical reaction between
epoxy ring of epoxy and activation radical of curing agent and the crosslink reaction obtained in the
curing process affects the insulation properties.

As a result, the excellent insulation properties is obtained when the epoxy ring shown at 915(cm™")
infrared wavenumber decreases and the deformed methyl of 1453(cm™') wavenumber is not pro-

duced.
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Fig. 1. Arrangement of electrodes
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Table 1. Sample index for various curing temperature
and times.

(a) Pre—cure.

Curing time
o (H) 2 3 4 5
Urng
temp.(C)
120 Em-1 | Em-2 | Em-3
130 Em-4 | Em-5 | Em-6 | Em-7
140 | Em-8 | Em-9 |Em-10|Em-11
150 |Em-12|Em-13|Em-14|Em-15

(a) Pre-and post-cure.

Curing time| (pre/
cure (H) osty | 1/2 | 1/3 | 1/4 | 15
emp.(ON | 1/1 A

120/130 |Em-16|Em-17|Em-18|Em-19|Em-20
(pre/post)

120/140 |Em-21|Em-22
120/150 |Em-23|Em-24 Em-25
130/140 |Em-26 Em-27|Em-28) |
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Fig. 2. IR Spectrums of liauid epoxy and cured epoxy

resin.
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Table 2. Ratio of infrared transmittannce of cured
epoxy resin to Benzene.
Sample Infrared wavenumber(Cm-1)
2950 | 1743 | 1453 | 1083 | 915

Em-1 | 2287 | 3218 | X X | 0419
Em-2 | 5499 | 2779 | X X 0139
Em-3 | 2577 | 3266 | X X | 0143
Em-4 | 1.661 | 1393 | 0228 | X | 0.251
Em-5 | 3251 | 1434 | X X | 0249
Em-6 | 1.750 | 1.081 | 0093 | X | 0.86
Em-7 | 1441 | 1193 | 0385 | X | 0274
Em-8 | 6206 | 1540 | X X X

Em-9 | 5539 | 1813 | X X | 1135
Em-10 | 6.343 | 2045 | X X | 0136
Em-11| 6.622 | 6857 | X X X

Em-12 | 3.366 | 1341 | X X | 0142
Em-13 | 2556 | 1476 | X X 0210
Em-14 | 2921 | 2692 | 0256 | X | 0.265
Em-15| 2668 | 1339 | X X | 0200
Em-16 | 5372 | 1530 | X X' | 0157
Em-17 | 2082 | 1663 | X X | 0306
Em-18 | 2.230 | 3476 | 0177 | X | 0278
Em-19| 1437 | 1260 | 0300 | X | 0273
Em-20| 0191 | 0956 | 0194 | X | 0.242
Em-21| 3930 | 1350 | X X | 0127
Em-22 | 2714 | 1357 | 0108 | X | 0.191
Em-23| 5216 | 1715 | X X 10129
Em-24 | 3384 | 1125 | X X 10164
Em-25| 2667 | 1067 | 0133 | X | 0239
Em-26 | 3270 | 1030 | X X | 0165
Em-27 | 1852 | 1333 | 0225 | X | 0275
Em-28 | 1.295 | X X X | 0187
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Fig. 3. TG-DTA Thermograms of cured epoxy resin.
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Table 3. Ratio of exothermic area of cured epoxy
resin to standard sample(Ca(Coo)H0).

Sample E;xrc;hmc Sample Erxgam:;?j%
Em-1 106.84 Em-15 9478
Em-2 35.85 Em-16 103.02
Em-3 56.43 ‘Em-17 91.25
Em-4 70.10 Em-18 90.17
Em-5 58.32 Em-19 88.42
Em-6 143.58 Em-20 85.87
Em-7 102.15 Em-21 89.28
Em-8 68.72 Em-22 86.44
Em-9 62.46 Em-23 85.32
Em-10 40.77 Em-24 87.85
Em-11 50.66 Em-25 88.75
Em-12 68.54 Em-26 94.62
Em-13 57.37 Em-27 10743
Em-14 66.35 Em-28 78.90
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Table 4. Dielectric characteristics of cured epoxy

resin.
Sample |Capacitance | Dielectric | Dielectric tan s
No. (uF) | Constant loss factor
Em-1 569 | 340612 | 0.00895 | 0.00263
Em-2 421 3.42154 | 0.00668 | 0.00195
Em-3 5.06 3.50322 | 0.00845 { 0.00241
Em-4 7.18 | 3.44820 | 0.00845 | 0.00245
Em-5 4.32 3.46068 | 0.00770 | 0.00222
Em-6 5.55 3.29303 { 0.00708 | 0.00215
Em-7 6.23 3.30233 | 0.00963 | 0.00292
Em-8 4.82 | 3.33456 | 0.00690 | 0.00207
Em-9 6.96 | 3.20026 | 0.00897 | 0.00280
Em-10 | 853 | 3.27352 | 0.00879 | 0.00269
Em-11 547 | 3.33931 | 0.00847 | 0.00254
Em-12 4.42 3.45930 | 0.00681 | 0.00197
Em-13 4.03 3.42110 | 0.00808 | 0.00236
Em-14 4.89 3.46391 | 0.00935 | 0.00270
Em-15 6.53 3.39629 | 0.00855 | 0.00252
Em-16 5.72 3.35116 | 0.00797 | 0.00238
Em-17 7.04 3.33187 | 0.01597 | 0.00479
Em-18 5.91 3.34446 | 0.00871 | 0.00260
Em-19 5.44 3.36127 | 0.00874 | 0.00260
Em-20 6.15 3.56915 | 0.00899 | 0.00252
Em-21 5.56 3.39591 | 0.01187 | 0.00350
Em-22 7.62 3.24193 | 0.00836 | 0.00258
Em-23 4.25 3.34532 | 0.02254 | 0.00674
Em-24 5.12 3.50539 | 0.00665 | 0.00190
Em-25 5.28 3.36184 | 0.02938 | 0.00874
Em-26 4.51 3.28485 | 0.00871 | 0.00265
Em-27 599 | 3.33769 | 0.00787 | 0.00236
Em-28 4.75 3.44836 | 0.00562 | 0.00163
23T E£FAE2 Ca(CO0)HLO9 HFRE
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Fig. 4. Break-down voitage of cured epoxy resin.
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