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Introduction

The consumption of biodiesel as an alternative fuel source
is on the rise. Biodiesel is used in its pure form or added to
fuel blends to power automobiles and heat homes. Biodiesel
is typically produced from vegetable oils and animal fats by
adding an alcohol, usually methanol, to triglycerides in a
transesterification reaction as shown in Figure 1 below. The
product of the transesterification reaction is the biodiesel
fuel itself in the form of fatty acid methyl esters (FAME) and
a glycerol by-product.! Free glycerol affects the quality of
biodiesel and its content is regulated by industry standards.
In this experiment, the amount of free glycerol in biodiesel
is measured with a Thermo Scientific Evolution Array
UV-Visible spectrophotometer for conformance to American
(ASTM)? and European (EN)? standards for free glycerol
using the Quantification Mode of the Thermo Scientific
VISIONCcollect software.
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Figure 1: Generation of biodiesel by transesterification

Experiment

The amount of free glycerol in biodiesel can be measured
with a UV-Visible spectrophotometer using a two-step
reaction process. This results in the formation of a yellow
complex proportional to the amount of free glycerol in the
sample. The sample is first treated with sodium periodate.
Sodium periodate reacts with free glycerol in the sample to
generate formaldehyde. Reaction between this formaldehyde
and acetyl acetone

produces the yellow

oy Il_ch,

complex, 3,5-diacetyl- Co _CHa_ C
1,4-dihydrolutidine ¢ o
(Figure 2). This yellow I I
compound exhibits a CHS/ ~n" \CH3

maximum absorbance !

peak at 410 nm, where

its concentration in the Figure 2: Chemical structure of

sample is measured. 3 5-diacetyl-1,4-dihyrdrolutidine

A solvent solution containing a 1:1 ratio of deionized
water and 95% ethanol, and a reference solution of
0.036 mg/mL glycerol in solvent was prepared. A series of
six glycerol reference standards was then prepared from
these solutions, as shown in Table 1. A pretreated biodiesel
sample* was mixed 1:4 with solvent to get 2 mL of
working sample solution.

Glycerol Reference Solvent Final Concentration of
Standard Solution (mL) Solution (mL) Glycerol (mg/kg)
1 0.00 2.00 0.00
2 0.25 1.75 3.75
3 0.50 1.50 7.50
4 0.75 1.25 11.25
5 1.00 1.00 15.00
6 1.25 0.75 18.75

Table 1: Glycerol standard preparation and absorpbance results

Each working standard and the sample were treated
with 1.2 mL of a 10 mM sodium periodate solution and
shaken for 30 seconds. Each solution was then treated
with 1.2 mL of a 0.2 M acetylacetone solution, placed in
a water bath at 70 °C for 1 minute and stirred manually.
The solutions were immediately placed in cold water to stop
the reaction. Standards and samples were measured using
the method parameters shown in m
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Figure 3: Method parameters for the
measurement of free glycerol in biodiesel
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Figure 5: Sample spectrum and results
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