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Determination of Fatty Acid Content in Natural Ester
Insulating Oil by '"H-NMR Spectroscopy

SONG Haoyong, WANG Wei, HUANG Qingdan, MO Wenxiong
(Guangzhou Power Supply Bureau of Guangdong Power Grid Corporation, Guangzhou 510000, China)

Abstract: Natural ester insulating oil is a kind of environmentally-friendly liquid dielectrics with good insulation
properties, and it has been generally applied in oil-filled electrical equipment. Investigating the types and contents
of fatty acids in different natural ester insulating oils will be beneficial to grasp the physical and chemical
properties of different insulating oils. In this paper, a method of determining the fatty acid composition in natural
ester by '"H-NMR was presented, and the results were compared with that of GC-MS. The results show that this
simple and rapid determination of fatty acid content in natural ester insulating oil by 'H-NMR is feasible and
reliable. The maximum error absolute value of fatty acids content measured by "H-NMR spectroscopy and GC-MS
is 2.95%, which is in the tolerance interval.
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Tab.1 Fundamental physical and chemical properties of

three types of natural ester insulating oil
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Ak e e Sl

BENFE(A0°C)/ (mm%s)  33.6 35.8 39.9 <50
R {H/(mg KOH/g) 0.03 0.04 0.04 <0.06
WE i/ C 360 360 341 =300
FFHIN /T 330 322 312 =250
s/ C -21 -20 -19 <10

W (20°C )/ (g/em?) 0.924 0917 0.910 <1
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Fig.1 Assignment of signals of glycerol units and

fatty acid chains
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Tab.2 Assignment of peaks in '"H-NMR of

natural ester insulating oil
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Tab.3 Contents of fatty acid methyl esters in natural ester

insulating oils and molecular structure properties
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Fig.2 'H-NMR spectra of natural ester insulating oil
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Tab.4 Contents of fatty acid methyl esters by "H-NMR

7.0 6.0

J 5 HU %
FRITRRIR  }Gmrkmne RHERRR LAHILERR
e S “a i FEACEE ST

=IEIR 7.44 9.46 2.73
TR 49.72 18.67 17.45
IR 26.07 62.49 62.97

R 7 R 16.77 9.38 16.85

3 Wig
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Tab.5 Contents of fatty acid in

soybean-based natural ester insulating oil

A BRI % RELAE R
GC-MSHl  "H-NMR Il 1% %
=R 7.86 7.44 0.42 7.81
IR 48.10 49.72 1.62 53.31
BRI 26.96 26.07 0.89 23.45
TE g 7 R 17.08 16.77 0.31 15.43
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Tab.6 Contents of fatty acid in

rapeseed-based natural ester insulating oil

A RS H% PRANE
GC-MSHll  '"H-NMR Il 1% 1%
=W 10.42 9.46 0.96 8.15
] 20.35 18.67 1.68 19.73
BRI 59.89 62.49 2.60 63.51
TR IR 7 TR 9.34 9.38 0.04 7.23
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Tab.7 Contents of fatty acid in

camellia-based natural ester insulating oil

F— RS HI% RAEHRHE
GC-MS il 'H-NMR il 1%
=R 2.75 2.73 0.02
- 20.41 17.45 2.95
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e M g 7 2 15.50 16.85 1.35
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