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Study on the characteristics of the ester insulating oil, and material
properties in the case of applying to the transformer

Fumio Kurihara

Technology Development Division, Research & Development Center, TAKAOKA TOKO Co., LTD.
1440 Nakakuki, Oyama-Shi, Tochigi 323-0806, Japan

Recently, it is necessary to consider the environment friendly in the power utility equipment. In the transformer,
it has been developed to which the ester-based insulating oil to replace the mineral oil. In a various ester oils, the
authors conducted a comparison and verification for hygroscopic, electrical characteristics, breakdown voltage of
the oil-impregnated paper, the various properties after degradation with the mineral oil. As a result, in comparison
to mineral oil, ester oil is highly hygroscopic. And it was confirmed to have the same performance that electrical
properties , change in the electrical characteristics relative to moisture absorption, breakdown voltage of the
oil-impregnated paper and various characteristics after deterioration. Also we have verified compatibility with the
transformer materials such as rubber, resin and some adhesives. As a result, although it is necessary to pay
attention for some materials, they were confirmed good compatibility. And we conducted experiments to
investigate the aging of paper in Palm Fatty Acid Ester (PFAE) and mineral oil. As a result, paper was found to
degrade slower in PFAE than in mineral oil in a high temperature, high moisture content, nitrogen atmosphere.
Applying PFAE, it suggests that it is possible to expect the equivalent or more insulating paper life compared to

mineral oil filled transformers.

Keywords : transformer, ester, electrical properties, material compatibility, paper degradation
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Table3 m, Vs, ofoil

Mineral Oil | Soybean Oil[Rapeseed Oil| Sanflower Oil] PFAE

m 20.6 10.1 123 25.2 253

Vso(KV/mm)| 334 35.1 310 379 37.7
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Table4 m, Vs, of Oil impregnated paper

Mineral Oil | Soybean Oil[Rapeseed Oil| Sanflower Oill PFAE

m 8.7 29.3 16.6 22.7 435

Vo (KV/mm) 112 95 95 94 96
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Table5 Characteristic change after degradation

Mineral Oil Rapeseed Qil PFAE Reference
Before | After | Before [ After | Before| After value

Moistre i Ol |y | 53 | 75 | 1814 | 475 | 3025 | —
{mg/kg)
Acidity 0.002 | 0056 | 0016 | 000 | 001 | 007 | <05
(mgKOH/g)
Resitvy | 80 | 40 [ 60 | 15 | 22 | 13 [ 510
(Qom) x10"| x10] x10" [ x10"?] x10"| x10"[ x10"

Breakdown Voltage]

z 2. : 1 _ _
Wosmm | 04| 425 | 733 | 859 | 812 | 415 | >30
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Table6 Solubility Parameter

Insulateing Oil Material in Transformer
Solubility Parameter| Solubility Parameter
o | cavemty s | Mot | (caventy
Mineral Oil 8.5 NBR 9.4~99
Rapeseed Qil 8.4 Epoxy Resin 10.9
PFAE 8.2 Polyester 10.7
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Table 8 Effect of degradation suppression

Seal Type Air Sealed Nitorogen Sealed
Paper Moisture] 0.5% | 2% 4% 10.5% | 2% 4%
120°C — — — Jwpto DWpto )] 2
130°C - - 1.3 - - 2
140°C - 121 16 |(1.2)] 1.3 | 21
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