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Infrared Spectroscopy Application for the Detection of 
Fatty Acid Methyl Ester Content in Middle Distillate Oil 

 

Abstract:  

With the accelerating global trend towards dieselization of vehicles, the demand for diesel is 
increasing. The depletion of petroleum resources and the growing environmental awareness have 
significantly accelerated the development of diesel alternatives worldwide. Biodiesel, also known as 
fatty acid alkyl ester (FAME), has garnered attention for its superior environmental performance and 
renewability. It is produced from raw materials such as vegetable oils, animal fats, and waste cooking 
oil through ester exchange reactions with alcohols (methanol, ethanol), with fatty acid methyl ester 
being the most typical. Compared to mineral diesel, biodiesel is more environmentally friendly. For 
samples containing fatty acid methyl ester (FAME) with a volume fraction in the range of 
approximately 1.7% to 22.7% and not containing esters, the method of using infrared spectroscopy to 
determine the volume fraction of FAME in diesel engine fuel is reliable and effective. 
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Principle:  

The sample is diluted with cyclohexane to an appropriate concentration, and the mid-infrared 
absorption spectrum is recorded. The maximum peak absorption of the typical ester absorption band 
at approximately 1745±5 cm-1 is measured. The FAME content is then calculated using a calibration 
formula obtained from standard solutions of known FAME concentrations. 
 

Experimental Conditions: 

Instrument and Accessories: 
Main Unit: FTIR-650 Fourier Transform Infrared Spectrometer 
Accessories: Fixed liquid cell (made of potassium bromide or calcium fluoride, with a path length of 
0.5mm) 
Test Conditions: 
Resolution: 4 cm-1 
Number of Scans: 32 
Detector: DTGS 
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Reagents and Materials: 
Cyclohexane (purity greater than 99.5%) 
Calibration FAME 
 

Sample Determination: 

1.Preparation of Calibration Solution: 
Use an analytical balance to weigh calibration FAME and place it in a suitable container. Inject 
cyclohexane to prepare a series (no less than 5) of calibration FAME solutions. 
 
2.Infrared Spectrum Measurement: 
Inject the calibration solutions into the liquid cell from low to high concentrations, measure the 
corresponding infrared spectra, and measure the absorbance at approximately 1745 
cm-1.

 
 

3.Establishment of Quantitative Model: 
Establish a linear relationship between the absorbance values at approximately 1745 cm-1 and the 
corresponding concentrations of the calibration solutions mentioned above, obtaining the 
corresponding quantitative analysis model. 

 

4.Sample Determination: 
Using the same method as described in section 2, measure the infrared absorption spectra of the 
samples, read the absorbance values at the corresponding characteristic peak positions, and substitute 
these absorbance values into the quantitative model to obtain the FAME concentration values of the 
samples. 
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Conclusion:  

For samples of fatty acid methyl ester in diesel engine fuel with a volume fraction in the range of 
approximately 1.7% to 22.7%, the use of infrared spectroscopy for their content determination is 
feasible, and the obtained quantitative data is reliable. 
 


