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A fast gas chromatography with a flame ionisation detector (GC-FID) method for the simultaneous analysis of methyl palmitate 
(C16:0), stearate (C18:0), oleate (C18:1), linoleate (C18:2) and linolenate (C18:3) in biodiesel samples was proposed. The analysis 
was conducted in a customised ionic-liquid stationary-phase capillary, SLB-IL 111, with a length of 14 m, an internal diameter of 
0.10 mm, a film thickness of 0.08 µm and operated isothermally at 160 °C using hydrogen as the carrier gas at a rate of 50 cm s-1 
in run time about 3 min. Once methyl myristate (C14:0) is present lower than 0.5% m/m in real samples it was used as an internal 
standard. The method was successful applied to monitoring basic and acidic catalysis transesterification reactions of vegetable oils 
such as soybean, canola, corn, sunflower and those used in frying process. 
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INTRODUCTION

Biodiesel is an alternative fuel obtained from renewable bi-
ological sources such as vegetable oils and animal fats.1 Factors 
including geography, climate and economy determine the most 
interesting vegetable oils for biodiesel production. From a chem-
ical point of view, biodiesel is a mixture of esters formed by the 
transesterification of triacylglycerides, which are present in oils and 
fats, with a short chain alcohol (usually methanol or ethanol), in 
the presence of an alkaline (strong bases), acidic (strong acids) or 
enzymatic catalyst.2 Biodiesel has received much attention, mainly 
for environmental reasons, because this biofuel may reduce carbon 
dioxide emissions by about 78% compared to conventional diesel. 
Besides, biodiesel presents better lubricant proprieties and an ap-
propriate combustion point (range from 100 to 170 ºC), making it 
safer to transport and store, owing to the fact that there is no need 
for perforation or refining and there is less importation dependence. 
In addition, biodiesel can be produced from cooking oils, which 
are sometimes improperly disposed of.3,4 Biodiesel presents a 12% 
energy reduction, which increases the fuel consumption in 2–10%, 
causing excessive carbon deposition in engines and resulting in 
defects. It also has less oxidative stability, higher nitrogen oxide 
(NOx) emissions, cloud point and viscosity.4 Biodiesel can be used 
pure or in mixtures with fossil diesel. The nomenclature to identify 
these mixtures is BX, where X corresponds to the percentage of 
biodiesel in the sample, for example, B7 corresponds to 7% biodiesel 
and 93% fossil fuel. In Brazil, it is mandatory to contain at least 
7% biodiesel, since November 2014.5 Biodiesel must to be free of 
impurities, which can be accumulated on the injectors, provoking 
damage to the combustion chamber or other parts of engines. For 
example, excessive quantities of glycerin, soap, water as well as 
mono-, di- and triacylglicerides cause damage to engines, promoting 
incrustation formation, depositions and corrosion.6

European regulations establish the control of the concentrations 
of unsaturated esters in biodiesel because of the oxidation propensity, 
fixing a maximum value of 12% and 1%weight for the methyl linolenate 
and the methyl esters with more than three unsaturations respectively.7 
Besides, the individual identification of the methyl esters may be 

important for studies on exhaust emissions, because it is believed that 
the chemical structures of these methyl esters influence the emissions, 
that is, as lower the carbonic chain or the molecular mass, lower will 
be the melting point and the viscosity.8 Some studies have shown 
that the higher the number of unsaturations, the greater the nitrogen 
oxide emissions (NOx); additionally, the chain size influences the 
hydrocarbons9 and carbon monoxide (CO) levels, because the shorter 
the carbonic chain, the lower their emissions will be.8,10

The basic catalysts reaction are the most utilised because they 
result in faster processes, greater yields and require more moderate 
reaction conditions. However, this kind of catalysis for vegetable 
oil transesterification reactions produces soap through the neutral-
isation free fatty acid (FFA) and triglyceride saponification. The 
formation of soap is undesirable, because it consumes a part of 
catalyst, decreases the biodiesel yield and makes the separation 
and purification processes more difficult. The formation of soap 
may be avoid by using a vegetable oil with a lower FFA content, 
even though it presents higher prices, it reduces uses of residues 
and non-processed oils.11 On the other hand, raw materials with 
the highest acidity (animal fats and oils used in frying processes) 
would be best transesterified by acidic catalysts. Despite the slow 
kinetics, acidic catalysis promotes the conversion of FFA, in the 
raw material, into esters.12 Figure 1 shows the schemes for transes-
terification reaction by basic and acidic catalysis.

One of the most used methods for fatty acid methyl esters 
(FAMEs) analysis in biodiesel samples is GC-FID, but some works 
showed that using conventional columns is not advantageous due the 
longer time analysis. Pauls13 described a conventional method using a 
100 m column containing a biscyanopropyl phase, with programmed 
oven temperature from 100 to 240 °C and Ragonese et al.14 optimized 
a method for the analysis of a soybean FAMEs B20 sample, using 
a liquid ionic stationary phase column of 30 m, operating under 
programmed oven temperature from 50 to 270 °C, both in, about, 
50 min of analysis time. 

Within this context, the present work has as aim to demonstrate an 
alternative method able to perform fast analysis of majority FAMEs 
in biodiesel samples obtained through the basic or acidity catalysis 
transesterification reaction of vegetable oils such as soybean, canola, 
corn, sunflower and those used in frying process by fast GC-FID using 
an ionic-liquid as stationary-phase column. 
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EXPERIMENTAL

Chemicals

In this work, methanol at 99.8% (MeOH), hydrochloric acid 
at 37% (HCl), anhydrous sodium sulfate (Na2SO4) (Vetec, Rio de 
Janeiro, Brazil), chromatographic-grade hexane (Sigma Aldrich, St. 
Louis, MO, EUA), sodium chloride (NaCl) (Proquímicos, Rio de 
Janeiro, Brasil) and sodium hydroxide (NaOH) (Synth, São Paulo, 
Brazil) were used.

Methyl myristate (C14:0), methyl palmitate (C16:0), methyl 
stearate (C18:0), methyl oleate (C18:1) and methyl linoleate (C18:2) 
were purchased from Sigma-Aldrich (St. Louis, MO, EUA).

Individual FAME stock solutions, at a concentration of 30.0 
mmol L-1, were prepared by dissolving appropriate amounts of the 
above-mentioned standards in hexane and they were then stored in 
a freezer until analysis. 

Instrumentation

The experiments were carried out on a GC 2010–Plus gas chro-
matograph (Shimadzu, Kyoto, Japan), which was equipped with a 
split–splitless injector, an AOC 20-I auto-injector and a flame ionisa-
tion detector (FID). The data were collected by GC Solution software 
(Shimadzu, Kyoto, Japan). A customised ionic-liquid stationary-phase 
[1,5-di(2,3-dimethylimidazolium) pentane bis(trifluoromethylsulfonyl)
imide] capillary [SLB-IL 111 (Supelco, Bellefonte, PA, USA)] was 
used, which is one of the most polar commercial columns (that allows 
a better separation), with a length of 14 m, an internal diameter of 0.10 
mm and a film thickness of 0.08 µm. The temperatures of the injector, 
oven and FID were 230, 160 and 230 °C, respectively; hydrogen was 
used as the carrier gas (50 cm s-1) and the injection volume was 1 µL in 
split mode (1:500). The other FID parameters included: N2 as the make-
up gas (to conduct the analytes through the detector in order to decrease 
the band enlargement) at a flow rate 30 mL min-1, whereas H2 was used 
at a flow rate of 40 mL min-1 and the air flow rate was 400 mL min-1.

Samples

The vegetable oils were obtained from a local market and the oil 
used in frying processes was obtained from random donations, thus, 
its origin is unknown.

Transesterification reaction by basic catalysis
For the transesterification reaction, an alternative method was 

proposed: in a 500 mL beaker, a solution containing NaOH (1 g) and 
MeOH (100 mL) was prepared. The solution was maintained under 
magnetic agitation at 60 °C after; it was added 250 mL of the raw 
material and the beaker was covered with a watch-glass. Then, the 
reactional mixture was again maintained under magnetic agitation at 
60 °C. After 1 h, the colour changed from a light opaque yellow to 
a dark translucent yellow, indicating that the triacylglycerides were 
converted to FAMEs.15 

Afterwards, the transesterified sample was transferred to a sepa-
ration funnel for glycerol decantation over 12 h, forming two phases, 
namely, biodiesel (top) and glycerol (under). Subsequently, the top 
part was washed with 250 mL water purified by reverse osmosis, 
for three times or until the product pH reached, approximately, 7. 
Next, saturated NaCl solution (250 mL) was added to unstabilise 
any emulsions, and after 1h of decantation, the aqueous solution was 
discarded. Na2SO4 was added and posterior filtration was performed, 
afterwards, the biodiesel was subjected to rotary evaporation in order 
to eliminate possible residual solvents. The samples were stored in 
an amber flask and sheltered from light. The yields were calculated 
from the initial volume of the raw material with the biodiesel volume, 
ranging from 75 to 90%.

Transesterification reaction by acidic catalysis
An experiment for biodiesel acquisition was performed by using 

acidic catalysis. In a 500 mL beaker, a solution containing 2.4 mL 
HCl (37%), 100 mL MeOH and 100 mL commercial vegetable oil 
was prepared. This solution was maintained under magnetic agitation 
at 60 °C for 8 h.

The reaction was followed by the colour changing, which is 
analogous to the reaction by basic catalysis: the colour changed from 
an opaque yellow to a dark translucent yellow, which indicated that 
the triacylglycerides had converted to FAMEs.15 For the separation 
and washing of the product, the procedures were the same as those 
used for the basic catalysis reaction. However, a bigger emulsion 
formation was observed, which made the washing process more 
difficult, decreasing the reaction yield to 60%.

Figure 2 shows the flowchart for biodiesel acquisition using basic 
or acid catalysis.

Sample preparation
The sample preparation for the FAMEs analysis by GC–FID 

consisted of using the biodiesel dilution in hexane (1% v/v) with the 
internal standard (C14:0) at a concentration of 2.0 g L-1 in a 1.0 mL 

Figure 1. Schemes for transesterification by (A) basic and (B) acidic catalysis

Figure 2. Biodiesel preparation. (A) by basic catalysis and (B) by acidic 
catalysis
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Eppendorf tube, which was placed in a vortex agitator for 2 min. 
Then, the sample was injected into the GC equipment, in authentic 
duplicates.

RESULTS AND DISCUSSION

GC–FID Method consideration

For FAMEs analysis in the biodiesel samples obtained from the 
transesterification of vegetable oils (soybean, canola, sunflower, 
corn and from frying processes), a fast GC–FID alternative meth-
od, with a high-polarity ionic-liquid stationary-phase column, was 
proposed. Thus, the method was based on the work of Ragonese et 
al.,14 which presented the separation of FAMEs and hydrocarbons in 
a B20 sample. However, the application of a temperature program 
(50–270 °C, at 70 °C min-1) was necessary for better separation of 
the FAMEs and hydrocarbons. Besides, the Ragonese’s paper did 
not describe the use of the column for analysis of pure biodiesel. In 
the practice point of view, it is important to highlight that the liquid 
ionic stationary phase column can suffer hydrolysis in presence of 
low amount of water. Thus, the investigation about the performance 
of this column in presence of pure biodiesel, which is submitted to 
water wash after the reaction could be a motivation to investigate 
the behaviour of the ionic liquid column, since our acknowledgment 
no report was found in the literature. Besides, in the present work, 
for B100 analysis it is not necessary to use of temperature program; 

thus, a 160 °C isotherm was used, which resulted in an analytical 
throughput improvement, as it is not necessary to wait for the oven 
to cool between successive analyses. Once C14:0 is present lower 
than 0.5% m/m in real samples, it was used as an internal stand-
ard.16 Thus, as observed in Figure 3, C14:0 was not detected in the 
real sample and it could be used as an internal standard at a fixed 
concentration of 2.0 g L-1.

Biodiesel analysis

With the obtained chromatograms (Figure 4), it is possible to 
estimate the individual concentration of each FAME of interest 
through Equation 117 and to monitor if transesterification reaction 
was successful achieved.

   (1)
 

where, [FAME] is the concentration of each FAME, [C14:0] is the 
concentration of the internal standard fixed at 2.0 g L-1, AFAME and 
AC14:0 are the FAME and internal standard areas, respectively, which 
were obtained by the integration of the corresponding peaks in the 
chromatogram.

From the results shown in Table 1 and using the results obtained 
in Figure 5, it was possible to verify whether the reactions were 
successful or not by comparing the found FAMEs with the fatty 

Figure 4. Biodiesel samples chromatograms. A - soybean biodiesel. B - frying processes oil biodiesel. C - canola biodiesel (the others samples chromatograms 
are analogous to the showed in this figure). Peaks: C 14:0 – methyl myristate; C 16:0 – methyl palmitate; C 18:0 – methyl stearate; C 18:1 – methyl oleate; C 
18:2 – methyl linoleate; C 18:3 – methyl linoleneate

Figure 3. (A) Chromatogram for standards solutions and (B) for soybean biodiesel. Peaks: C 14:0 – methyl myristate; C 16:0 – methyl palmitate; C 18:0 – 
methyl stearate; C 18:1 – methyl oleate; C 18:2 – methyl linoleate; C 18:3 – methyl linoleneate



Fast GC–FID method for monitoring acidic and basic catalytic transesterification reactions 355Vol. 39, No. 3

acid content of each raw material, as established from previously 
published reports.16

Thus, in the samples obtained from basic transesterification, it 
could be observed that the FAMEs concentrations were in the expected 
range, except for the biodiesel made from acidic transesterification, 
indicating that this reaction was not advantageous, and for biodiesel 
from frying processes, which, despite presenting considerable FAMEs 
concentrations, had a large percentage of non-transesterified matter 
or non-detectable FAMEs. On the other hand, the samples that were 
transesterified by basic catalysis resulted in good yields and expected 
concentration ranges, except for the sample made from oils used 
in frying processes, indicating that, before the transesterification 
reaction, a pre-treatment process is required through an esterifica-
tion process. The biodiesel made from soybean, obtained by acidic 
catalysis, did not present good results, indicating that the reaction 
conditions must be optimised.

CONCLUSION

Fast GC–FID analysis using the column containing an ionic-liq-
uid stationary phase could process a larger number of replicates in a 
shorter time, decreasing the consumption of energy, the volume of 
carrier and combustion gases and, consequently, the cost per sample. 
In addition, individual FAME determination is important for biodiesel 
quality owing to the oxidation tendency, depending on the unsaturated 
FAME concentrations. On the other hand, as the method was set in 

Table 1. Concentrations of each FAME on the biodiesel samples 

Biodiesel Samples
Concentrations in the sample / g L-1

[C16:0] ± sd [C18:0] ± sd [C18:1] ± sd [C18:2] ± sd [C18:3] ± sd

Soybean 72.93 ± 2.13 19.80 ± 0.09 188.32 ± 2.54 374.11 ± 6.12 34.40 ± 1.24

Frying process 67.18 ± 0.16 18.71 ± 0.20 148.54 ± 0.25 309.11 ± 13.32 26.17 ± 0.07

Canola 25.44 ± 0.51 11.15 ± 0.33 416.36 ± 7.30 105.04 ± 0.79 20.06 ± 1.01

Corn 82.74 ± 1.25 14.73 ± 1.30 253.66 ± 2.40 364.60 ± 0.46 nd

Sunflower 43.15 ± 0.07 20.22 ± 0.08 250.59 ± 5.35 370.88 ± 4.15 nd

Soybeana 47.12 ± 0.66 13.47 ± 0.51 113.53 ± 1.83 209.08 ± 5.15 20.26 ± 0.61

aacid catalysis; sd- standard deviation; nd- not detected.

*As residues, are considered mono, di and triglycerides, glycerol, soap, 
catalyst, MeOH and water.

Figure 5. FAMEs percentages determined on samples of biodiesel

isothermal mode, resulting in increases of the throughput, which is 
very interesting for quality control in routine analysis.
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