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Problem and motivation

As it can be seen, both GC and UV-VIS spectrophotometric methods are inadequate for precise

determination of total glycerol. UV-VIS spectrophotometric method shows 75% deviation from

calculated glycerol. Gas chromatography method shows deviation by 35%.
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Figure 1. Amount of glycerol by different analytical methods
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Three 

approaches 

for 

determination 

of the total

glycerol 

concentration 

in the same 

sample!!!

Materials and methods

Edible sunflower oil (Zvijezda d.d.) was used as a primary substrate for the synthesis of biodiesel and methanol

as the secondary substrate. The commercial lipase enzyme derived from T. lanuginosus was used as the

reaction catalyst. In synthesized biodiesel, the share of certain fatty acid methyl esters and glycerol was

determined by gas chromatography (Shimadzu GC-2014) with ethanol as a solvent. Same samples were used

in UV-VIS spectrophotometric analysis as well. Samples were collected on-line and at-line depending on NIR

sensor used (fiber-optic probe or flow cell). Biodiesel production was monitored in both, batch and continuous

(micro)reactors, respectively.
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Step I - Is there a spectrum?? 

10 different glycerol concentrations ranging from 0 – 100 mg/ml were prepared

and analysed resulting in a specter presented in Figure 2.

Figure 2. NIR spectrum of glycerol concentrations from 0-100 mg/ml

Although there is an area where there is no difference in the spectra (941-1370 nm)

and as such it is inapplicable for further analysis of the main components, the answer

was positive. Yes, there is glycerol spectrum!

Step II – Can the method be applied on the real sample? 

As it can be seen in Figure 3., NIR method showed very good agreement with

theoretical glycerol which is derived from biodiesel yield produced.

To test applicability of NIR spectroscopy batch experiment of the biodiesel

production was conducted and the samples were taken dynamically for the analysis

by off-line analytical methods of GC, NIR and UV-VIS spectrophotometry.

Theoretical glycerol calculated from FAME yield

Glycerol measured by GC method

Glycerol measured by NIR spectrophotometric method

Glycerol measured by UV-VIS

spectrophotometric method

Figure 3. Amount of glycerol by different analytical methods 

Step III – Can we go on-line? 

Two different on-line measurements were performed. First one during batch

biodiesel production (Figure 4.) and second during biodiesel production in

continuous microreactor system (Figure 5.). As it can be seen in Figures 4. and

5, NIR spectroscopy showed very good agreement with theoretical glycerol which

is derived from biodiesel yield produced.

Figure 4. Glycerol concentration during biodiesel production in a batch reactor

Conclusion and further work

Obtained results showed that NIR spectroscopy is suitable for on-line

monitoring of glycerol amount (total) during biodiesel production. Results

were compared with glycerol off-line measurement methods developed for

GC and UV-VIS spectrophotometer. NIR spectroscopy has proven to be a

promising, fast and reliable method of on-line glycerol determination during

biodiesel production in a batch and in a continuous microreactor.
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Figure 5. Glycerol concentration during biodiesel production in a continuous microreactor
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