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Abstract. Biodiesel, as one of the most effective, alternative, environmentally
friendly, and carbon-neutral alternative biofuel, can be especially useful in urban
areas, where concentration of vehicles is high and the air is polluted with the
harmful emissions from internal combustion engines. The present work is fo-
cused on the analysis of the most important characteristics of both biodiesel and
conventional (oil-based) diesel fuels; based on its research and findings, the ar-
ticle gives the recommendations how to improve the nano-composition of bio-
diesel so that it could be more widely used in diesel engines. The oil and acid
compositions of biodiesel fuel have been studied and identified through liquid
chromatography and the functional groups of the fuel were analyzed using the
Fourier IR spectrometer. Based on the results of the research, an improved com-
position of biodiesel has been identified, which, while meeting the demands of
EN 14105, ASTM D 6751, and EN 590 standards, can significantly reduce green-
house gases (GHGs) and harmful emissions.
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Introduction

Biodiesel is mono-alkyl esters of long-chain fatty
acids derived from vegetable oils or animal fats
though the process of etherification. The name
“Biodiesel” has been given since it is a clean-
burning alternative fuel, made from natural veg-
etable oils, and/or animal fats, i.e. bio resources.
Biodiesel is a high-quality fuel; therefore, bio-
diesel can be used in any segment of industry
where petro-diesel is used, including internal
combustion engines.

The greatest advantage of biodiesel, however, is
that it is an eco-friendly fuel. Biodiesel is renew-
able and sustainable and can significantly reduce
the danger of an environmental disaster. Biodeg-
radability in both soil and water is another im-
portant advantage of biodiesel, some 89% of the
carbon contained in biodiesel will be biode-
graded in just 28 days. Biodiesel can sharply re-

duce - up to 85% - emissions of Polycyclic Aro-
matic Hydrocarbons, which are identified as car-
cinogenic compounds.

The physical and chemical characteristics of bio-
diesel are quite close to those of petroleum-
based diesel fuel, but at the same time, biodiesel
is eco-friendly and carbon-neutral. In addition,
since biodiesel has a closed carbon cycle, bio-
diesel, unlike petroleum-based products, does
not add greenhouse gases (GHGs) to the atmos-
phere (Antolin et al, 2002; Khan et al,, 2007;
Sheehan et al., 1998; Vicente et al., 2004). Bio-
diesel is especially effective in urban areas,
where the concentration of vehicles is high and
the air is more polluted with harmful emissions
from internal combustion engines

Biodiesel can be blended with petroleum diesel.
The blend B20 (i.e. mixture of 20% biodiesel
with 80% petro-diesel) improves the parame-
ters of the fuel and meets better the demands in
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terms of emissions control and, what is most im-
portant, B20 does not require any engine modi-
fication. B20 can be used in almost every type of
vehicle, including the municipality buses, i.e.
public transport in the cities, thus contributing
toward eco-friendly and sustainable develop-
ment of urban transportation.

The present work is focused on analysis of the
most important characteristics of both biodiesel
and conventional (petroleum-based) diesel
fuels; based on its research and findings, the ar-
ticle gives the recommendations how to improve
the nano-composition of biodiesel so that it
could be more widely used in diesel engines
without any modification of the engines.

Materials and Research Methodology

The well-adopted method for producing bio-
diesel is the biochemical process named etherifi-
cation of triglycerides (TGs), usually those of
plant oils. TGs react with alcohol in the presence
of the acid or base catalysts and the outcome is
alkyl esters of fat acids and glycerin (Freedman
et al,, 1986; Wright et al.,, 1944). Reactions are
consecutive and reversible. From the pure
chemical point of view, biodiesel is methyl ester
if methanol is used in the process of etherifica-
tion, and consequently, ethyl ester, if ethanol is
applied.

The whole process is comprised of three reversi-
ble reaction when di- and monoglycerides are
created as intermediate products (Freedman et
al,, 1986). The reaction needs 1 mol of triglycer-
ides and 3 mol of alcohol, and after the reaction,
alongside the esters, glycerin as a by-product is
obtained.

Ithas been proved that methyl ester and ethyl es-
ters are almost similar from the point of view of
thermal content. Therefore, while receiving es-
ters, using ethanol can bring extra advantages
related to the extra carbon atom of the molecule
of ethanol, which increases thermal content and
cetane number. And in addition, ethanol, as the
alcohol of organic origin, can make the produc-
tion of biodiesel completely based on bio re-
sources (Tyson, 2001; Vicente et al., 2007).

The reaction can be run by acid or a base catalyst
as well as a ferment catalyst; the chemical cata-
lysts, however, proved to be more practical, ra-
tional, and the process of etherification goes
faster and it is cost-effective as well, comparing
the reaction in the presence of ferment catalysts.
The process of etherification in the presence of
base catalysts such as NaOH or KOH, implies the
removal of glycerin from fatty acids and replac-
ing it with alcohol, usually methanol. The by-
product, glycerin, is used in the industry for the
production of soap, and after refining, the cos-
metic and perfumery industry (Knothe et al,
2005).

The alternative method is to use heterogenic
(solid) catalysts for the process of etherification.
The heterogenic (solid) catalysts have the ad-
vantage that they could be removed from the
area of reaction and used again. Process of ether-
ification with solid catalysts is considered as the
most “green” process of etherification. That pro-
cess does not require neither recovery of the cat-
alyst, nor the phase of water treatment (wash-
ing), thus ensuring the high outcome of the me-
thyl esters, which are very close to the theoreti-
cal values (Cao et al,, 2008), as per the glycerin,
it will be produced with the higher purity, with
98% and more not containing impurities
(Bournay et al., 2005; Melero et al., 2009).

As per the method of supercritical area of alco-
hol, it has only one phase for etherification,
which provides many advantages for the indus-
try (Dermidas, 2002; Kusidiana and Saka, 2001;
Madras et al., 2004; Warabi et al., 2004).

Results and Discussions

The present work is focused on analysis of the
most important characteristics of both biodiesel
and conventional (petroleum-based) diesel fuels
and based on its research and findings, the arti-
cle gives the recommendations how to improve
the nano-composition of biodiesel so that it
could be more widely used in diesel engines.

We have studied and analyzed biodiesel ob-
tained from the fresh oil of rapeseeds (Brassica
napus), as well as secondary (cooking) oil from
the food industry, which served as raw materials
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for biodiesel production. From these bio re-
sources, through the process of etherification of
with methanol, we have received pure biodiesel
fuel, i.e. B100 and free glycerin. Alongside, we
have received several composites of biodiesel
(B10 and B20) and analyzed their physical and
chemical characteristics.

Chromatographic analysis of the B100 fuel re-
vealed the following substances: the acids of hex-
ane, octane, nonane, decane, and the mono me-
thyl esters. The test showed that biodiesel B100
produced in the lab of Ilia State University met
the existed standards defined as ASTM D 6751.
The analysis of biodiesel, received from both
plant oil and the secondary cooking oil, have
shown that the characteristics of biodiesel are
quite similar to those of the conventional, petro-
leum-based diesel fuel.

Biodiesel can be blended. The blend B20 (i.e.
mixture of 20% biodiesel with 80% petro-diesel)
improves the parameters of the fuel and meets
better the demands in terms of emissions control
and what is most important, B20 does not re-
quire any engine modification. B20 can be used
in almost every type of vehicle, including munic-
ipality buses, i.e. public transport. As per B100,

Table 1

which is a pure biodiesel, it can be successfully
used in any tracks and tractors and other farm-
ing machinery with diesel engines.

Since biodiesel is intended to be used in internal
combustion engines, the physical and chemical
parameters and characteristics of the blend B20
and pure biodiesel B100 were carefully analyzed
and compared to those of a conventional petro-
leum diesel fuel. Each character was analyzed ac-
cording to the existing standards (Table 1).

The physical and chemical parameters of bio-
diesel were analyzed using SPECTRUM Version
10.4.2.PerkinElmer. Figure 1 shows the spectrum
of B100, where the functional groups of the com-
pounds have been identified.

The compositions of fatty acids in biodiesel were
defined by using a liquid chromatographer and
the functional groups by Spectrum Two spec-
trometer. The conducted analyses have clearly
demonstrated that the physical and chemical pa-
rameters of both B100 and B20 were within the
standards of EN 14214, ASTM D6751, and EN
590 (Li etal., 2008).

Chemical and physical characteristics of biodiesel fuels B100, B20, and petroleum diesel

PROPERTY Biodiesel Biodiesel Diesel fuel from “SOCAR”
B100 B 20
Density at 15°C, kg/m3 884,0 848,0 834,0
Density 9API 28,56 35,36 38,16
Viscosity, mm?/s at 40°C 52 3,3 2,0
Flash point, °C 120 64 56
Acid number, mg KOH/g 0,015 0,0069 0,0048
Cetane Number 51 50 48
Sulfur content, mg/kg - 45 10
Ash content, % 0,021 0,0091 0,0155
Polycyclic aromatic hydrocarbons, % 5 6
Carbon residue (on 10% residue), % 04 0,28 0,3
Copper strip Corrosion, (3 hours 50°C) No2 Ne1,5 Ne1,5
Corrosion resistance, g/m3 6 6 6
Content of fatty acids and methyl ester, % 5 5 5
Total contamination, mg/kg - - 20,5
Distillation
50% 270°C 260°C 2400C
96% 3000C 305°C 2950C
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Figure 1: Biodiesel B100 spectrum
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Figure 2: Petroleum diesel fuel and B20 biodiesel spectrums
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Figure 2 shows the spectrums of B20 and con-
ventional (petroleum-based) diesel fuels. While
comparing these two spectrums, we can see that
B20 characteristics are similar to those of the
conventional diesel fuel, however, biodiesel and
its blends are much more eco-friendly, reducing
harmful emissions (Khetsuriani et al., 2017).

With the aim to improve the parameters of bio-
diesel and make it suitable for a wider spectrum
of engines without any modification, we identi-
fied a new nano-composition of Biodiesel. Hav-
ing defined a new composition of biodiesel, we
have compared the physical and chemical char-
acteristics of this new composition with the
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standards of B100 ASTM D6751-07a. We have
analyzed the structural groups using an infrared
spectrometer. We have compared the spectrum
of B100 and that of newly defined nano-compo-
sition of biodiesel.

Figure 3 shows the spectrum of both B100 and
the newly defined nano-composition of bio-
diesel. When comparing the physical and chemi-
cal parameters of conventional biodiesel and
nano-diesel, and their spectrums, it becomes ob-
vious that several major parameters of biodiesel
have been improved and what is important, the
structural compositions remained stable.
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Figure 3: B-100 biodiesel and nano-biodiesel spectrums
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Conclusions

We have found that acid number was reduced 3
times, which means that the corrosion resistance
index has been significantly improved. The other
main parameters also were improved, namely
the flash point became closer to the optimal
point, as defined by the standards; density at
15°C, kg/m3, as well as ash content and carbon
residue characteristics have been also improved.

All these improvements give biodiesel fuel the
possibility to be used in a wider range of engines,
and the improved nano-composition allows bio-
diesel to be used both in pure, i.e. B100, and/or
blended with petroleum diesel fuel forms. Based
on the parameters of the newly defined nano-
composition of biodiesel, the performance of the
engine powered by this type of biofuel will be im-
proved.

The new composition of the biodiesel has been
tested in the vehicles of Ilia State University fleet,
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