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Abstract: To monitor the operating status of insulating oil effectively, the affecting law of trace water
on the interfacial tension of insulating oil was investigated by a quantitative method. By making up a
series of oil samples with different trace water contents, the interfacial tension of every group of oil
sample was measured and its mid-infrared spectrum was scanned. Then, the absorbance values of oil
samples at the characteristic wave number of water molecules (1 640 cm™ ',3 400 em™ ', 3 450 em ™',
3 615 ecm™') were obtained and the influence of the 2, 6-Di-tert. -butyl-p-cresol (T501), a kind of
additive in oil samples, on the interfacial tension was analyzed. The results show that the trace water

contents in oil samples are dependent on water characteristic absorbance values, which can be up to
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0.964 1,0.984 8,0.984 5 and 0. 944 0. Moreover, there is a good positive correlation between the

trace water contents in oil samples and the changes of absorbance values of oil samples at 1 640 cm™ ',

1

3400 em ',3 450 cm 1,3 615 em 1,3 650 cm . According to these data, a multiple linear regression

model with the goodness fit of 0. 992 8 was constructed. The error between calculated values and

measured values of the interfacial tension varies from —0.07% to 0. 06% , shows a good coincidence.

This research supports the measurement of interfacial tension for insulating oil in theory.
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Fig. 1 Water content as a function of interfacial tension

of insulating oil
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Tab.1 Impact of water content on interfacial tension of insulating oil

Trace water ¢/(pl« L") 10 100 200

400 500 600 700 800 900 1000

Interfacial tension/(mN « m™') 29,21 29.42 29.46 29.46 29.47 29.47 29.50 29.52 29.53 29.54 29.57
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Fig. 2 Mid-infrared spectra of oil samples at wave number range of 4 700~350 cm ', where a is absorbance curves of

phenolic hydroxyl of T501 at 3 650 cm '; b is absorbance curves of asymmetric stretching vibration of water

molecules at 3 615 cm '; ¢ is absorbance curves of symmetric stretching vibration of water molecules at

3450 ecm '; d is absorbance curves of symmetric and asymmetric stretching vibration central band of water

molecules at 3 400 cm ! ;and e is absorbance curves of deformation vibration of water molecules at 1 640 cm ™
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Fig. 3

Curves of measured absorbance values of oil

samples with different trace water contents
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Tab.2 Absorbance of oil samples with different water contents at spectral wave numbers of 1640, 3400,3450,3615,3650 cm '

Wave number

Water content/(pL « L™")

/em ! 10 100 200 300 400 500 600 700 800 900 1 000
1 640 0.094  0.109 o0.112 0.112 0.119 0.119 0.124 0.126  0.127 0.134  0.139
3 400 0.036  0.038 0.040  0.047  0.054  0.059 0.062 0.072 0.074 0.084  0.097
3 450 0.023 0.026  0.028 0.034 0.042  0.047 0.05 0. 06 0.062  0.073  0.086
3 615 0.063 0.098 0.112 0.114 0.12 0.123  0.131 0.135 0.145 0.147  0.164
3 650 0.195 0.276  0.308  0.301 0.309 0.316  0.331 0.332 0.349 0.345 0.371
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Fig. 4  Curves of interfacial tension and absorbance values
(at 3 650 cm ') of 2, 6-Di-tert. -butyl-p-cresol for
different trace-water oil samples
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Fig.5 Calculated and measured values of interfacial tension

for different-water-content oil samples
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