
Introduction 

Transformer oils, commonly 
used as electrical insulators, 
may be monitored for 
degradation products.  

Such products include furanic derivatives, produced from the gradual 
degradation of cellulosic materials, which are typically used as insulating 
material inside a transformer.1 The monitoring of such furanic compounds 
can aide in the evaluation of a transformer’s wear and/or life expectancy. 
As, typically, many transformers need to be periodically monitored in a short 
period of time, analytical speed is essential.

Thereupon, this work describes a fast isocratic chromatographic method for 
the analysis of six commonly monitored furans, of which the structures are 
shown in Figure 1.
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Figure 1. Chemical structures of the six furans analyzed in this study.
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Experimental

Hardware/Software
For the chromatographic separation, a PerkinElmer Flexar Binary 
HPLC System was used with a PDA Plus detector. All instrument 
control, analysis and data processing was performed using the 
Chromera™ software platform.

Method Parameters
The LC parameters are shown in Table 1. 

Column
PerkinElmer Brownlee SPP C8, 2.7 µm,  
2.1 x 100 mm (Part# N9308422)

Mobile Phase

Solvent A:  Water 
Solvent B: Acetonitrile
Solvent Program (Isocratic):

Analysis Time: 2 min.; Data Collection Rate: 5 pts/sec (Hz)

Pressure: 4500 psi/300 bar maximum 

PDA Wavelengths: 
218 and 278 nm;

PDA Flowcell: 50 mm (Part# N2950455)

Oven Temp.: 42 ºC

Injection Vol.: 5 µL

Table 1. LC Parameters.

Step
Time 
(min)

Flow Rate 
 (mL/min)

%A %B

1 0.0 0.6 80 20

2 1.5 0.6 80 20

Solvents, Standards and Samples
All solvents were HPLC grade and samples were filtered using a 
0.45-µm nylon filter. 

The furan standards were obtained from Sigma-Aldrich®, Inc 
(Allentown, PA). These included 2-acetylfuran (2AF), 
2-furaldehyde (2-furfural; 2FA), 3-furaldehyde (3-furfural; 3FA), 
2-furfuryl alcohol (2FOL), 5-hydroxymethyl-2-furfural (5HM2FA), 
and 5-methyl-2-furfural (5M2FA).

A 10-ppm stock standard solution was prepared using 25/75 
acetonitrile/water as diluent. 

A 5-ppm working standard (WS) solution was then prepared from 
the 10-ppm stock standard, using 10/90 acetonitrile/water as 
diluent. The WS standard also served as the highest-level calibrant. 
Additional calibrants were prepared via serial dilution of the WS, 
using 10/90 acetonitrile/ water as diluent.  The calibration levels 
ranged from 5 to 5000 ppb for 5HM2FA, 2FA, 2AF and 5M2FA 
and from 10 to 5000 ppb for 2FOL and 3FA.
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Results and Discussion

Per Figure 2, the overlaid chromatograms of the 5-ppm WS, analyzed at 218 and 278 nm, show all six furans eluting in under 1.3 minutes. 
It can be observed that 2FOL and 3FA are best analyzed at 218 nm, whereas the other four furans are optimally analyzed at 278 nm.

Figure 3 shows the 10-replicate chromatographic overlay of the 1-ppm furan calibrant mix. As can be observed, the chromatographic 
repeatability was exceptional.

The linearity plots for the six furans are shown in Figure 4, with R2 values all above 0.999.

Figure 2. Chromatographic overlay of the the 5-ppm WS run at 218 (black) and 
278 nm (blue).

Figure 3. 10-replicate chromatographic overlay, showing the repeatability of the 1-ppm 
furan calibrant mix.
 

Figure 4. Linearity plots for the six furans.

As listed in Table 2, LOQ (limit of quantitation) levels were 
established for each analyte, based upon their averaged lowest  
level calibration standard response. The 10-ppb standard 
chromatograms are shown in Figure 5. 
 

Analyte Calculated LOQ (ppb)

5HM2FA 2.5

2FOL 8.2

2FA 4.1

3FA 9.5

2AF 4.0

5M2FA 4.8

Table 2. LOQs for the six analytes, in order of elution.



For a complete listing of our global offices, visit www.perkinelmer.com/ContactUs

Copyright ©2018, PerkinElmer, Inc. All rights reserved. PerkinElmer® is a registered trademark of PerkinElmer, Inc. All other trademarks are the property of their respective owners.
 
014316_01 PKI

PerkinElmer, Inc. 
940 Winter Street 
Waltham, MA 02451 USA 
P: (800) 762-4000 or 
(+1) 203-925-4602
www.perkinelmer.com

Conclusion

•  This work has demonstrated the fast and robust 
chromatographic separation and quantitation of six furans 
commonly found in aging transformer oils, using the 
PerkinElmer Flexar Binary HPLC system with a PDA detector.

•  The method provides exceptional chromatographic 
repeatability and affords LOQs from 2.5 to 9.5 ppb, 
depending on the analyte.

Figure 5. Chromatograms of the 10-ppb standard at 218 and 278 nm.

References

1.  ASTM D-5937, “Standard Test Method for Furanic Compounds 
in Electrical Insulating Liquids by High-Performance Liquid 
Chromatography (HPLC)”, November 2003.


