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Use of FAME from selected vegetable oils and proper
evaluation of their content in diesel fuel

This article describes the study to determine the effect of FAME from different vegetable oils on the correctness of determination
of FAME content in diesel fuel according to PN-EN 14078. It presents the study of the soybean oil, palm and coconut FAME
model blends made from esters with different hydrocarbon chain lengths and real FAME samples of soybean, palm and coco-
nut oil. As part of this work there was prepared a calibration curve, dedicated to determining the content of coconut oil FAME.
Results of tests and the impact of applied above FAME on results of the FAME determination in diesel fuel were discussed.
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Zastosowanie FAME z wybranych olejow ro$linnych, a prawidtowa ocena ich zawartosci w oleju

napedowym

Niniejszy artykut opisuje badania majace na celu okreslenie wptywu zastosowania FAME wytwarzanych z r6znych olejow
ros$linnych na prawidlowo$¢ oznaczenia zawarto§ci FAME w oleju napedowym wedtug PN-EN 14078. Badaniom zostaty
poddane mieszaniny modelowe FAME oleju sojowego, palmowego oraz kokosowego sporzadzonych z estrow o réoznych
dtugosciach tancuchow weglowodorowych oraz rzeczywistych probek FAME oleju sojowego, palmowego i kokosowego.
W ramach prowadzonych prac zostata sporzadzona krzywa kalibracyjna, dedykowana do oznaczania zawartoSci FAME ole-
ju kokosowego. Dokonano oméwienia otrzymanych wynikoéw badan oraz wpltywu pochodzenia zastosowanego FAME na

wyniki oznaczenia jego zawartosci w oleju napedowym.

Stowa kluczowe: FAME oleju kokosowego, FAME oleju palmowego, FAME oleju sojowego, spektrometria w podczerwie-

ni, oznaczanie zawartosci FAME.

Introduction

The production of fatty acid methyl esters (FAMEs) in
Poland is mainly based on transesterification of a rapeseed oil
obtained from the rapeseed cultivated in Poland. As a product
of domestic origin, it stimulates the development of the local
biofuel production market but the presence of fatty acid methyl
esters from other vegetable oils has been clearly increasing
in recent years. The increase in the diversity of the origin of
FAMEs as a diesel fuel component testifies to the diversifica-
tion of the supply but it does have an impact on the spectrum
of conducted testing. The Oil and Gas Institute — National
Research Institute has been investigating properties of FAMEs
from various sources for propulsion and heating purposes for
many years [1-4]. Therefore, it seems justified to determine
the influence of the type of FAMEs on the correctness of their
content determination as a fuel additive.

The content of fatty acid methyl esters (FAMEs) in diesel
fuel is one of the obligatory quality parameters of this fuel,
which is periodically checked as part of the Polish govern-
mental fuel quality control and monitoring system. Because
FAME production in Poland is mainly based on the rapeseed
oil transesterification technology, these esters are the basic ref-
erence material in laboratories taking part in fuel monitoring.
However, FAMEs produced from other vegetable oils are also
present on the domestic market. This diversity may influence
on the results of tests of the quality of diesel fuel containing
such a biocomponent.

The Regulation of the Minister of Economy on meth-
ods of testing the quality of liquid fuels [18] refers to the
PN-EN 14078 standard [16], which uses infrared spectrometry
technique, for the determination of FAME content in diesel fuel.
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The method is based on measuring the absorption of the stretch-
ing vibrations of the double bond of carbon-oxygen (C=0) in
the range of 1745+5 cm™ in a given sample volume. Thus, the
amount of ester bonds contained in the sample is determined
without determining the differences in the lengths of FAME
hydrocarbon chains. The use of FAME as a diesel additive
with a different share of esters with specific hydrocarbon
chain lengths may affect the difference between the actual and
determined FAME content.

Table 1 shows the composition of fatty acids of selected
vegetable oils used for FAME production. Fatty acid methyl
esters of rapeseed, soybean and palm oils [13], which have
a relatively similar fatty acid composition, have the largest
share in the global FAME market. However, FAMEs made
from vegetable oils with a higher share of the fatty acids with
shorter chains than the fatty acids contained in the three oils
mentioned above, such as coconut oil FAMEs, are also avail-
able on the market. Therefore, the same volume of FAMEs
produced from coconut oil and rapeseed oil will contain a dif-
ferent number of ester bonds.

Table 1. Composition of fatty acids of selected
vegetable oils [6, 7, 9, 14]

rapeseed | soybean | palm | coconut

Caproic acid C:6 - - - 0+0.8
Caprylic acid C:8 - - - 5+9
Capric acid C:10 - - - 4+10
Lauric acid C:12 - - - 44+52
Myristic acid C:14 - 0+0.3 0.5+6 13+19
Palmitic acid C:16 2+5 7+11 32+47 7+11
Stearic acid C:18 12 2+6 1+7 1+4
Oleic acid C:18:1 10+60 | 22+34 | 38+52 5+8
Linoleic acid C:18:2 10+21.5 | 43+60 2+11 1+3
Linolenic acid C:18:3 5+10 2+11 - -
Arachidic acid C:20 - 5+10 - 0+0.5

Methods for determining FAME content in diesel fuel

Standard PN-EN 14078 [18] provides the most common
method for testing FAME content in diesel fuel, invoked in
the Regulation of the Minister of Economy on methods of
testing the quality of liquid fuels [15]. At present, there is no
other standardised method allowing the measurement result
to be independent of the FAME type used for the produc-
tion of diesel fuel being the subject of the determination.
Standard ASTM D 7371 [17], which uses FTIR-ATR-PLS
spectroscopy for FAME determination, does not take into

account the differences in the lengths of FAME hydrocarbon
chains, either.

Literature also provides other methods for the determination
of FAME content, such as by field method [5], the measurement
of radioactive carbon C,, [8], X-ray fluorescence technique
with energy dispersion [13], UV-VIS spectrometry [11], gas
chromatography with detector (O-FID) [2] and magnetic
resonance spectroscopy [10]. These are not standardized
methods, though.

Scope of works

As part of the conducted research, model blends of FAMEs
of soybean, palm and coconut oils containing fatty acid methyl
esters with various hydrocarbon chain lengths (C;—C,,) were
prepared. The model blends were used to prepare solutions in
the base diesel fuel. Next, FAME solutions from the transesteri-
fication of soybean, palm and coconut oils were prepared and

their FAME contents were determined by infrared spectrometry
according to PN-EN 14078 [18]. The tests were performed in
the measuring range from 3% (V/V) to 30% (V/V) of FAME
in diesel fuel. The obtained results were used to determine the
susceptibility of the method to a change of a vegetable oil type
from which the FAME was produced.

Instruments used

The determinations were performed on the FT-IR Excalibur
spectrometer manufactured by BIO-RAD with use of NaCl
measuring cuvettes.
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The absorbance values were calculated using calibration
curves prepared using the FAME standard for rapeseed oil in
accordance with the PN-EN 14078 methodology [18].
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Fatty acid methyl esters used

Individual reference methyl esters of various fatty acids
manufactured by Sigma-Aldrich, which had a purity >99%,
were used to compose the model FAME blends.

The tests also used commercially available biocomponents
of palm and soybean oils.

The FAMEs of coconut oil with a 98.8% purity was ob-
tained through the transesterification of coconut oil accor-
ding to PN-EN ISO 5509 (general method of preparation
dry methyl esters for IR spectroscopy using boron triflu-
oride) [19].

The analysis of model FAME blends (composed by using individual standard fatty acid methyl esters)

In the first stage of the work, model FAME blends were pre-
pared for soybean, palm and coconut oils. The percentage shares of
methyl esters of the individual fatty acids for soybean and coconut
oils were selected in accordance with Table B1 of PN-EN ISO 5509
[19] standard (which provides an example composition of FAMEs
with appropriate chain lengths in the products of transesterification
of the above-mentioned oils) and for palm oil in accordance with
Table 1. The individual shares are shown in Table 2.

The blends were used to prepare weight solutions in the
base diesel fuel with the appropriate concentrations. Next, the

Table 2. Model blends of methyl esters of fatty acids
of individual vegetable oils

FAME content was determined in accordance with PN-EN
14078. Results are presented in Tables 3, 4 and 5.

It was found on the basis of the obtained results that the
results of FAME determinations for FAME blends of soybean
and palm oils, using the calibration curve prepared for the
FAME:s of rapeseed oil, do not differ by more than the expanded
uncertainty of the method in relation to the expected value.
In the case of the results of the FAME determinations for the
coconut oil FAME blend, the results were inflated by approx.
30% in relation to the expected value.

Table 3. Determination of FAME content according to
PN-EN 14078:14 [18] for the solutions of the soybean oil
model FAME blend

Cy - - 6.8

Cio - - 5.5

Cp - - 47.1 33 33 0.1
C - 1.0 18.4 7.6 75 0.4
Cie 11.9 39.8 10.1 15.6 15.6 0.9
Ci 88.1 59.2 12.1 20.3 20.4 1.1
Cyo 0.6 - 0.1 32.1 31.9 1.4

Table 4. Determination of FAME content according to
PN-EN 14078:14 [18] for the solutions of the coconut oil
model FAME blend

Table 5. Determination of FAME content according to
PN-EN 14078:14 [18] for the solutions of the palm oil
model FAME blend

15.3 20.2 1.1 15.1 15.8 0.9
21.7 28.4 1.3 19.8 20.6 1.1
335 44.1 2.0 30.1 31.2 1.4
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The analysis of samples containing FAMEs derived from soybean, coconut and palm vegetable oils

In order to confirm the obtained results of tests of model
FAME blends, the later phase of the work did not use blends
made from individual esters but rather commercial FAME
made from soybean and palm oils. The coconut oil FAMEs
were produced in laboratory conditions in accordance with
PN-EN ISO 5509 [19].

Solutions of the FAMEs with appropriate concentrations in
the base diesel fuel were prepared and FAME content measure-
ments were performed according to PN-EN 14078:2014 [18].
The obtained analytical results are presented in Tables 6, 7 and 8.

The analysis of the obtained results showed that, like in
the case of the use of blends of individual FAMEs produced
from various fatty acids, the results of the determinations for
FAMESs of soybean and palm oils using the calibration curve
prepared for FAMEs of rapeseed oil do not differ by more than
the expanded uncertainty of the method in relation to the ex-
pected value. In case of the results of the FAME tests performed

Table 6. Determination of FAME content according to
PN-EN 14078:14 [18] for samples containing soybean oil
FAME

for coconut oil, the measurement results were unsatisfactory,
though. They were inflated in relation to the expected value
by approx. 30%.

Table 7. Determination of FAME content according to
PN-EN 14078:14 [18] for samples containing palm oil FAME

3.0 3.1 0.1
6.9 7.2 0.4
15.2 15.8 0.9
21.2 22.0 1.0
30.0 31.2 1.4

Table 8. Determination of FAME content according to
PN-EN 14078:14 [18] for samples containing coconut oil
FAME

15.1 15.3 0.9 14.6 19.9 1.1
19.8 20.0 1.1 20.9 27.0 1.2
303 30.6 1.4 293 39.8 1.8

The preparation of the calibration curve to determine the FAME content of coconut oil

The conducted tests clearly confirm the necessity to per-
form instrument calibration using the appropriate FAME when
testing samples containing FAME with shorter hydrocarbon
chains. Where the FAME content of coconut oil is determined,
the preparation of a calibration curve should improve the con-
sistency of the expected value with the measurement result.
For this reason, a calibration curve was prepared using FAME
of coconut oil composed of individual model fatty acid esters
shown in Table 2. Figure 1 shows the resulting curve compared
to the corresponding curve obtained for rapeseed oil FAME.
Then, the FAME content was read again on the basis of the
newly prepared calibration curve. The obtained results are
presented in Table 9.
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Fig. 1. Comparison of the calibration curves prepared using
FAME:s of rapeseed oil and coconut oil

In this case, the expected and obtained values are within
the value of the expanded uncertainty of measurement.



Table 9. The determination of FAME content according to
PN-EN 14078:14 [18] for samples containing coconut oil

artykuty

FAME (coconut oil FAME calibration)

eXpect.ed (based on determined
the weight prepara- :
tion of the model according to
PN-EN 14078
blend)
3.0 3.1 0.2
6.9 6.9 05
14.6 14.4 1
20.9 20.6 1 .2
Conclusions

1. The use of FAMEs of soybean and palm oils as a diesel

fuel biocomponent, instead of FAMEs of rapeseed oil, does
not significantly affect the correctness of FAME content
determination tests according to PN-EN 14078 in the case
of the preparation of a calibration curve for the method
using one of the FAMEs mentioned above.

. In the case of the use of the FAME derived from coconut oil

as a diesel fuel component, the results of the determination
of this component can be inflated by up to 30% in the case
of the use of a calibration curve prepared using the FAME
of rapeseed oil for the measurement.

. Ifthe case a FAME determination result was obtained accord-

ing to PN-EN 14078 [18] and exceeded the value permitted
by the Regulation [16] for the diesel fuel sample, one should

take into account the possibility that FAMEs with shorter
hydrocarbon chains, which can potentially cause an infla-
tion of the obtained results. In order to confirm or disprove
this, the FAME content should be reread on the basis of
a calibration curve prepared for the FAME corresponding
to the esters present in the analysed fuel sample. However,
in order to correctly assess the nature of the FAMESs used, it
is necessary to perform additional tests, such as chromato-
graphic tests. Such tests do not fall within the scope of the
obligatory quality tests for diesel fuel containing FAME.

. A laboratory should be prepared for the possibility of the

occurrence of samples containing FAMEs with shorter
chains than the FAMEs of rapeseed oil and be able to
calibrate the instrument with the appropriate FAME.
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The article was written on the basis of the statutory study entitled: Zastosowanie FAME z réznych olejow roslinnych a prawidtowa

ocena ich zawartosci [The use of FAME from different vegetable oils and the correct assessment of their content] — an INiG — PIB
study commissioned by the Ministry of Science and Higher Education; archival number: DK-4100-92/17, order number: 0105/TA/17.
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