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O Introduction

Monitoring the conditions of power transformers is very
important to maintain the reliability of industrial power
system operations. One critical risk assessment is the
quality of the insulation system which consists of
insulation paper immersed in insulation oil. The life of
the paper insulation determines normally the life of the
transformer. Incipient faults within a transformer can be
detected by analyzing furanic compounds in insulation
oil. Furan analysis in transformer oil, especially the
amount of 2-furaldehyde in oil (usually the most
prominent of paper decomposition), indicates the degree
of degradation of the transformer paper insulation. In this
application news, the ASTM D 5837 Test Method [1]
was followed for the quantitative analysis of furan
derivatives in transformer oil. Five furanic compounds
were quantified by HPLC analysis after the samples of
transformer oil were extracted by liquid/liquid extraction
procedure using acetonitrile.

U Experimental
A. Preparation of standards

5-hydroxylmethyl-2-furaldehyde (5HMF), furfuryl alcohol
(2FOL), 2-furaldehyde (2FAL), 2-acetylfuran (2ACF) and
5-methyl-2-furaldehyde (5MEF) standards of 98% to
99% purity were obtained from Sigma Aldrich. These
five individual furanic standard stock solutions were
prepared with toluene. A 5 mixed standard was then
prepared from the individual stock solutions using
toluene as the diluent. HPLC grade acetonitrile and fresh
transformer oil obtained from Sigma Aldrich were used
for the serial dilution of the 5 mixed standard to obtain
the neat and pre-spiked standards, respectively.

B. Analytical conditions

Prominence™ high performance liquid chromatography
(HPLC) system with SPD-M20A diode array detector
was employed in this work. The details of HPLC
analytical conditions are shown in Table 1.

C. Liguid-liquid extraction — Method A

Two samples of transformer oil were obtained from a
power supply company for furan analysis. Liquid-liquid
extraction was used with the pre-spiked standards and
transformer oil samples by adding 1 mL of ACN to 4 mL
of each of the pre-spiked standards or samples. The
solution was further vortex-mixed for 3 min, and
centrifuged at 5,000x g for 5 min at 25°C. The
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top phase is the extract, which will be directly injected
into the HPLC system for analysis. The extraction
efficiencies (EE) from simulated transformer oil was
calculated using the equation as follows:

EE (%) = %xix 100

Ro: average of the integrated peak area of calibration standard pre-
spiked in transformer oil

Rs: average of the integrated peak area of calibration standard pre-
spiked in solvent

Table 1. Analytical conditions of furanic compounds on HPLC

Shim-pack™ GISS (250 mm L x 4.6 mm
Column

I.D., 5um)
; A: Milli-Q® H,0
Mobile Phase B: ACN
Gradient elution
Time (min) A (%) B (%)
0.00 85 15
Elution Program 9.50 85 15
9.51 0 100
12.00 0 100
12.01 85 15
Flow Rate 1.0 mL/min
Oven Temp. 40°C
Injection 5 pL

U Results and Discussion
A. HPLC chromatogram

Figure 1 shows chromatograms of a 5 mixed standards
of furanic compounds. The total run time is 16 min with
the last peak eluting at about 8.9 min.
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Fig 1. Representative chromatograms of a mixed standard of furanic
compounds, 1000 pg/L each spiked in transformer oil.
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Table 2. Calibration curves and performance of HPLC method for quantitative determination of five furanic compounds

Furanic Wavelength| RT [ Conc. Range Rr? LOD LOQ RSD % (n=3) Extraction Efficiencies (%) (n=3)
compound (nm) (min) (Hg/L) (ug/L) (ug/L) 500 pg/L (1000 pg/L| 9000 pg/L | 50 pg/L | 1000 pg/L | 9000 pg/L
fsu- ;{g;’;’g:?&ygﬂi) 280 438 | 50~ 9000 0.999 41 12.4 47 1.4 14  [1005+8.1|102.8+32| 954+ 3.3
F“”‘;Q)I’Z'C?'L‘;"h"' 220 526 | 50~9000 0.999 6.7 202 18 13 18 |949+7.2|969+13|89.8+28
Z'f”(rzal':‘iesyde 280 592 | 50~9000 0.999 2.0 6.0 4.0 06 17 | 908+49|015+12|834+18
2-acetylfuran (2ACF)| 280 7.46 | 50~ 9000 0.999 35 104 5.0 45 57 |88.7+10.8|895+24|802+17
furalz;srﬁ)‘fg;y'('szl\'ﬂEF) 280 8.89 | 50 ~9000 0.999 35 10.7 33 5.0 12 |898+7.7|909+43|81.2+19
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(low), 1000 pg/L (med.) and 9000 pg/L (high). The RSD
% obtained ranges at 0.6~5.7% as shown in Table 2.
The extraction efficiencies obtained were in acceptable

Fig 3. HPLC chromatogram of transformer oil sample TO6

Table 3. Quantitative results of furanic compounds in two
transformer oil samples

range, from 80 to 120 %.
. Concentration (ug/L)
1.000.000) Furanic compounds
1 gehrea Area(x100,000) Area(x1,000,000) TO5 TO6
1003 SHMF 2FOL SFAL 5-hydroxylmethyl-2-furaldehyde (5SHMF) <50 <50
1.04
0.754 0] Furfuryl alcohol (2FOL) <50 <50
0.50 2-furaldehyde (2FAL) 1170.5 826.7
2.54 0.5

0.25] 2-acetylfuran (2ACF) Not detected |Not detected

0.0 00 : 00 : 5-methyl-2-furaldehyde (5SMEF) <50 <50

0 5000 Conc. 5000 Conc. 5000 Conc.
Area(x100,000) Area(x1,000,000) O Conclusions
5ACF 1004 SMEF
757 A HPLC method was established for quantitative
% " analysis of 5 furanic compounds (5-hydroxylmethyl-2-
0.50 furaldehyde, furfuryl alcohol, 2-furaldehyde, 2-
257 0.25] acetylfuran and 5-methyl-2-furaldehyde) in transformer
oil. The sensitivities for the five furanic compounds are
0. T 0.0 T T _ . .

0 5000 Conc. 0 5000 Conc. sufficient and meet the requirement in ASTM D 5837-99

Fig 2. Calibration curves of furanic compounds standards (50
pg/L ~ 9000 pg/L ), each pre-spiked in transformer oil

C. Quantitation of unknown transformer oil

Two generator transformer oil samples (TO5 and TO6)
were analysed using the method established. The HPLC
results are displayed in Figure 3 and the quantitative
results are summarized in Table 3. The main furanic

compound found is 2-furaldehyde.
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