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Testing of pine oil and glycerol ketal as components of B10 fuel blend
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ABSTRACT. The aim of the present work was to the preparation of biodiesel from sunflower oil and ethanol by the
transesterification reaction in the presence of the KOH. The conversion was 88% at using a 1:3 molar ratio of oil to alcohol
at 75°C. Important fuel physical properties of B10 blend with (or without) oxygenated additivities by the ASTM standards
had been investigated. Based on the obtained results is noted that the fuel blend B10 with (or without) additivities has
greater potentials for diesel engines than, B100 and fossil diesel.
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1.

INTRODUCTION

2. MATERIALS AND METHODS

Today there are serious environmental problems on Earth,
such as the depletion of the ozone layer, the formation of
acid rain, the accumulation of toxic chemicals in the upper
atmosphere, the greenhouse effect and so on, which their
formation have a significant role an automobile park of the
world. Another problem is the exhaustion of petroleum,
natural gas, etc. resources [1-4].
The development of new types of alternative biofuels
sources is an actual problem of the modern world.
Potential advantages of alternative biofuels for internal
combustion engines are low emissions, longer engine life
due to better lubrication, biological decomposition, high
octane-cetane number, etc. In addition, biofuels do not
emit toxic substances that cause environmental problems
due to the absence of aromatic, nitrogen and sulfur
compounds. One of the alternative types of fuel is
biodiesel for diesel engines [5-8].
Alkaline catalytic systems are used in biodiesel industry,
which leads to the formation of foam during cleaning, the
formation of wastewater as a result of excessive washing.
The choosing of the new catalytic systems is still relevant
today in the production of biodiesel [9-12].
Besides indicated, the choosing of the new renewable raw
materials sources also is a topical issue in the biodiesel
industry [13].

All the chemicals for the synthesis of glycerol ketal were
obtained from commercial sources (Aldrich) and used as
received.
Samples of diesel fuel, sunflower and pine oil were
purchased at a fuel station and markets in Baku,
Azerbaijan. The B10 blends with (or without) oxygenated
additivities were prepared by mixing diesel and biodiesel
(Figure 1, 2).
NMR experiments have been performed on a BRUKER
FT NMR spectrometer (UltraShieldTM Magnet)
AVANCE 300 (300.130 MHz for 1H and 75.468 MHz for
13
C) with a BVT 3200 variable temperature unit in 5 mm
sample tubes using Bruker Standard software (TopSpin
3.1). The 1H and 13C chemical shifts were referenced to
internal tetramethylsilane (TMS); the experimental parameters for 1H: digital resolution = 0.23 Hz, SWH = 7530
Hz, TD = 32 K, SI = 16 K, 900 pulse-length = 10 μs, PL1
= 3 dB, ns-= 1, ds= 0, d1 =1 s; for 13C: digital resolution =
0.27 Hz, SWH = 17985 Hz, TD = 64 K, SI = 32 K, 90 0
pulse-length = 9 μs, PL1 = 1.5 dB, ns= 100, ds= 2, d1= 3
s. NMR-grade acetone-d6 and CDCl3 were used for the
analysis of glycerol ketal and fuel blends.
The purity of the synthesized compounds was confirmed
by thin-layer chromatography (TLC) on commercial
aluminum-backed plates of silica gel (60 F254), iodine
vapor was used as a visualizing agent, eluent- 5:2
hexane/ethyl acetate.
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Fig. 3. The preparation of the biodiesel
Biodiesel synthesized from sunflower oil and its blends
were characterized in accordance with the American
Standard of Testing and Materials (ASTM) methods.
Fig. 1. Pine oil and glycerol ketal

2.2. The procedure for preparation of glycerol ketal (GK)
A mixture of 25 g of pure glycerol, 100 ml of
cyclopentanone, 0.75 g of p-toluenesulfonic acid (PTSA)
was placed in a 500 ml conic flask fitted a reflux
condenser and magnetic stirrer. The reaction mixture was
stirred under 100°C for 5 working days. After the
completion of the reaction mixture was neutralized with
0.5 g sodium acetate. In the next stage filtration and
evaporation of the acetone had been carried out. The ketal
was obtained by vacuum distillation, yield 96%.

Fig. 2. The prepared fuel blends

2.1. The procedure for preparation of biodiesel

3. RESULT AND DISCUSSION

Sunflower biodiesel (B100) was obtained by dissolving
0.69 g KOH in 37.5 ml of ethanol (C2H5OH) without
heating (at room temperature). After complete dissolution,
50 g of oil was added to this mixture. The reaction was
carried out in a conical flask equipped with a reverse
refrigerator and magnetic stirrer for 7 hours at 75 ºC
(rotation speed was maintained at 1000 rpm). After
stirring, the reaction mass was aged for at least 12 hours in
dividing funnel. The reaction mass was divided into 2
layers using a dividing funnel: the upper layer contained
biodiesel, the lower layer-glycerine. Untreated biodiesel
was repeatedly washed with water in order to remove
catalysts. The conversion rate was 88% when using the
molar ratio of oil to ethanol 1:3 (Figure 3).

In our previous work [12] about the preparation of
methanol biodiesel catalyzed by new ionic liquid system
had been informed. Reporting work devoted to the
preparation of ethanol biodiesel from the sunflower oil by
the transesterification reaction in the presence of the KOH
and testing of different fuel blends with the glycerol ketal
and pine oil additivities.
The used feedstock sunflower physicochemical properties
are shown in Table 1.
As known from the literature oxygenated compounds,
such as glycerol ketals, pine oil (PO), etc. can be used as a
fuel additive to reduce particulate emission and to improve
the cold flow properties of liquid transportation fuels. It
helps to reduce gum formation, improves oxidation
stability, etc. [14, 15].
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Table 1 Major fatty acids and physical properties of the
refined sunflower oil
Fatty acid composition
(wt.%)

16:0

18:0

3.5–
7.6

1.3–
14–43
6.5
0.28±0.5
193.3±0.5

Acid value (mg of KOH/g)
Saponification value (mg
KOH/g)
Iodine value (g I2 per 100 g)
Viscosity (cP)
Flash point (°C)
Pour point (°C)
Density (g/cm3)

18:1

Considering the above indicated, the properties B10 blend
(based on ethanol) in presence of cyclopentanone ketal
and pine oil were studied. Pine oil can be regarded as one
of the less viscous fuels in the likes of ethanol, methanol
and consists of mainly cyclic terpene alcohols, known as
terpineol (C10H18O) along with alpha-pinene (C10H16).
The physical properties of the diesel, sunflower biodiesel
(B100), B10 blends with (or without) oxygenated
additivities were investigated and the results are shown in
Table 2, 3.

18:2
44–74

121.4±0.5
34.1±0.5
265
+12
0.9186

Table 2 The physical properties of B100, B10 and diesel fuels
Properties

ASTM

ASTM

diesel

B10

B100

Methods

diesel

biodiesel

D1298

0.8-0.84

0.86-0.9

0.837

0.85

0.88

Viscosity at 40°C, mm2/s, min-max.

D445

2-5

3.5-5.0

3.44

3.4

4.6

Flash point, °C, min.

D93

65

˃120

70

110

180

Cloud point (°C)

D2500

-12

˂20

7

5

15

Pour point (0C)

D2500

-15

˂15

0

-10

3

-

60-135

˂120

1.58

46.6

112.5

Sulfur, ppm, max.

D 975-14

15

15

50

35

0

Water and sediment, vol%, max.

D 975-14

0.05

0.05

0

0

0

Copper corrosion, 3 hr at 50°C, max.

D 975-14

№3

№3

№2

№1

№1

Cetane number, min.

D 975-14

40

47

53

52.3

48.3

Relative density at 20°C,

g/cm3

Iodine value g (l2)/100 g

Table 3 The physical properties of the B10 with the GK and PO
Properties

B10+PO

B10+GK

B10+GK (2.5%) and PO

(5%)

(5%)

(2.5 %)

0.88

0.85

0.86

0.86

Viscosity at 40°C, mm2/s, min-max.

4.6

3.7

3.4

3.5

Flash point, °C, min.

110

110

105

105

Pour point (0C)

15

-4

-4

-4

Cloud point (°C)

3

-14

-18

-19

112.5

47.3

45.5

47.7

Sulfur, ppm, max.

35

34

34

34

Water and sediment, vol%, max.

0

0

0

0

№1

№1

№1

№1

Relative density at 20°C,

g/cm3

Iodine value g (l2)/100 g

Copper corrosion, 3 hr at 50°C, max.

B10

As seen from the tables 2, 3 density decreased for the
B10+PO, B10+GK and B10+GK+PO blends. According
to the dependence between the density and kinematic
viscosity also significantly decreases in the presence of

5% oxygenated compounds in the blends. The
significantly decreasing of the viscosity to positive
influences on the flow and sprays characteristics in the
engine.
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The flash points are decreased for the biodiesel blends
than pure biodiesel (B100). The cloud and pour points of
the B10 are increased, but the presence of GK and PO are
significantly decreased for the B10+PO, B10+GK and
B10+GK+PO blends.
The amount of sulfur significantly was decreased as the
percentage of biodiesel, cyclic ketal and pine oil in blends
from the 50 up to 34 ppm, which is very important for the
environment and human health. As shown in our
experimental results, water and sediment, also copper
corrosion parameters are excellent.
The density, viscosity, flash-, pour-, cloud points, copper
corrosion and etc. properties of investigated fuel blends
are according to the diesel fuel standard and suggested
blends can be used in diesel engines without any
problems.
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4. CONCLUSION
The properties of diesel, B100, B10 blends with (or
without) glycerol ketal and pine oil were investigated on
the ASTM standards.
Obtained results have demonstrated improvements of the
important physical properties- such as density, viscosity,
amount of sulfur, copper corrosion, flash-, pour- and cloud
points for B10 fuel with (and without) oxygenated
compounds.
An interesting aspect of the presented work is that this
research was conducted for the first time on ethanol
biodiesel.
Summarized the obtained data, we can note that the fuel
blend B10 with (or without) oxygenated compounds have
greater potentials for diesel engines than pure biodiesel
(B100) and commercial diesel fuel.
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