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Infrared spectroscopy application in the determination of 

mineral insulating oil and lubricating oil structural composition 
 

Abstract:  

Mineral oil refers to liquid insulating materials refined from petroleum. The main components of 

petroleum are alkanes, cycloalkanes, and aromatics, which exhibit excellent electrical properties 

and aging stability. By appropriately controlling the content of each component based on specific 

applications, various insulating oils such as transformer oil, switchgear oil, and various lubricating 

oils can be obtained. For example, aromatic components can effectively adsorb gases, making them 

suitable for manufacturing cable oil or capacitor oil, while cycloalkane components can lower the 

solidification point of the oil for the production of low-temperature lubricating oil. The use of 

infrared spectroscopy instruments allows for accurate and rapid qualitative and quantitative analysis 

of the structural composition of oil products. 
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Principle: 

Based on the characteristic absorption of aromatic carbon at 1610 cm-1 and aliphatic carbon in the 

infrared spectrum region at 720 cm-1 in mineral insulating oil and lubricating oil, the absorbance is 

substituted into an empirical formula to calculate the content of aromatic carbon (CA%), aliphatic 

carbon (CP%), and cycloalkane (CN%) in the structural composition of insulating oil and lubricating 

oil. 

 

Experimental Conditions: 

Instrument and Accessories: 

FTIR-7600: Fourier Transform Infrared Spectrometer 

Hydroxyl Testing Attachment: Hydroxyl testing bracket 

Test Conditions: 

Resolution: 4 cm-1 

Number of Scans: 32 

Detector: DTGS 

Other: 

Carbon tetrachloride (CCl4): Analytical grade (A.R.) 
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Liquid Cell Path Length Measurement:  

Using the interference fringe method, an empty fixed liquid cell is placed in the optical path for 

scanning (scanning range from 1900 cm-1 to 600 cm-1). Interference fringes with maximum and 

minimum values are obtained, and the path length of the fixed liquid cell is calculated using the 

formula. 

 

 

Sample Determination: 

1. Carefully inject the oil sample into the liquid cell using a glass syringe (ensure there are no air 

bubbles of any size in the liquid cell; otherwise, repeat the sampling process). Place the liquid cell in 

the optical path and initiate the scanning process. 

2. After scanning, establish the baseline of the spectrum as follows and record the absorbance of 

the sample at 1610 cm-1 and 720 cm-1. 

 

3. Substitute the absorbance obtained in step 2 into the empirical formula to obtain the content 

of aromatic carbon (CA%), aliphatic carbon (CP%), and cycloalkane (CN%). 

4. The table below provides the test results for the aromatic carbon content in several samples: 
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  Aromatic Carbon Content (CA%) 

  1 1 1 1 

1 5.59 5.59 5.58 5.586 

2 5.66 5.66 5.67 5.633 

3 5.49 5.48 5.49 5.486 

4 5.45 5.46 5.45 5.453 

 

Conclusion:  

The use of infrared spectroscopy to determine the structural composition of mineral insulating oil 

and lubricating oil allows for a convenient, fast, and accurate determination of the structural 

composition of mineral insulating oil and lubricating oil. 
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