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Abstract. The transesterification reaction of sunflower, mustard and linseed oil with ethyl
alcohol was studied using potassium hydroxide as a catalyst. The physicochemical properties
and low-temperature characteristics of the feedstock and obtained products were studied. The
most preferred feedstock for the biodiesel fuel production had been determined.

1.Introduction

In the modern world the motor fuels consumption is increasing every year [1, 2], which leads to an
increase in oil production, the development of new fields and, consequently, to reserves depletion and
higher prices for hydrocarbons feedstock. With the rise in oil prices interest in alternative energy
increases. One of the most popular types of alternative fuel is biodiesel, an environmentally friendly and
safe to use energy source, the feedstock for the production of which is renewable. In addition, the
biodiesel production allows recycling of food and industrial waste, such as waste oil.

Biodiesel has advantages over conventional diesel in terms of aromatic hydrocarbon content, sulfur,
flash point and biodestruction. It can be used on mechanic transport both in pure form and as a mixture
with diesel fuel. Biodiesel is the only alternative energy source that is suitable for all mechanic transport
with conventional diesel engines [3].

From a chemical point of view, biodiesel fuel is a monoesters mixture of higher fatty acids, obtained
by transesterification of vegetable oils and animal fats [4]. Feedstock for the biodiesel production is
oilseed lipids. The main crops used are rape (EU countries), sunflower (France, Italy), soybean (USA,
Brazil and African countries), canola (Canada), palm oil (Indonesia, Malaysia) and jatropha (India,
African countries). The main fatty acids contained in the oilseeds lipids are palm, oleic and linoleic
acids.

A large number of works are devoted to the biodiesel fuels production; researchers in this direction
are working all over the world. Therefore, the authors of the article [5] describe in detail the various
parameters effect on the process of obtaining biodiesel from oilseed plants. To achieve a high biodiesel
yield, it is necessary to optimize a variety of catalytic variables, such as catalyst type and composition,
carrier type and pretreatment conditions (for example, temperature and calcination time). In addition,
many operation conditions require adjustments such as the reaction temperature, alcohol type, molar
ratio of alcohol to oil and stirring speed.

A homogeneous alkaline catalyst such as sodium hydroxide (NaOH), sodium methoxide (NaOCH3),
potassium hydroxide (KOH), or a homogeneous acid catalyst, such as sulfuric acid (H2SO4) or
hydrochloric acid (HCI) can catalyze the transesterification reaction. Homogeneous alkaline catalysts
are considered more preferable despite the fact that the transesterification reaction in the presence of
this catalysts type causes saponification of the triglyceride or the product of fatty acid methyl ester.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1



14th International Forum on Strategic Technology (IFOST 2019) IOP Publishing
IOP Conf. Series: Materials Science and Engineering 1019 (2021) 012062 doi:10.1088/1757-899X/1019/1/012062

Saponification increases the catalyst consumption, reduces the biodiesel yield and complicates
separation processes after the biodiesel production.

Acidic catalysts compared with alkaline do not lead to saponification, but the reaction rate is lower.
Therefore, the reaction requires higher temperatures and pressures to achieve the desired conversion.
Separation and purification of the product is simple; therefore, the reaction is more economically
feasible and the catalyst can be reused after a simple filtration process [6, 7]. In addition to these,
heterogeneous catalysts such as alkali metal carbonates (Na2CO3, K2CO3), alkaline earth metal
carbonates (CaCO3), oxides of alkaline earth metals (CaO, MgO, SrO, BaO) and other oxides such as
ZnO are also used [8].

In addition to alkaline heterogeneous catalysts, green biocatalysts are currently attracting the
scientific community attention due to their energy-efficient enzymatic properties. In [9-11], it was found
that by using immobilization or in the liquid phase, high yields can be achieved with the help of reliable
lipase enzymes. Enzymatic process can be easily combined with the latest technologies (for example,
ultrasonic), work in a continuous mode using various reactors designs; also the enzymes lifetime can be
improved in order to take further steps towards industrial production. Last but not least, the use of
metagenomics in enzyme technologies opens up broad prospects for the development of stable and
solvent-resistant biocatalysts for the biodiesel production [9, 12].

For the transesterification reaction, alcohols such as methanol, ethanol, propanol, butanol, pentanol,
and amy! alcohol are commonly used.

In the majority of existing methods, methyl alcohol is used as a transesterifying component, which
is a toxic liquid of the third hazard class, which has a damaging effect on the human nervous system and
vascular system when inhaled through the respiratory system or the skin. Therefore, for safety reasons,
it is advisable to use ethyl alcohol, which, in addition, is a more affordable feedstock. However, the
biodiesel production using ethanol as a transesterifying agent has not occurrence due to the high
solubility of the esters obtained in this alcohol, which makes it difficult to isolate the desired reaction
products and leads to a lower yield of the final product.

Both methanol and ethanol have advantages and disadvantages. For example, the reaction with
methanol is faster at a lower temperature compared to the reaction using ethanol [12], in addition, the
reaction with methanol gives a higher biodiesel yield. However, ethanol obtained by renewable methods,
in some cases, for example, by transesterification of soybean oil, increases the reaction rate [13].

To increase the alcohol / oil ratio, there are practically no restrictions, however, the authors of [14]
showed that the increase in the ratio is effective only up to a certain limit. However, the authors of article
[15] confirm that during the transesterification of soybean oil with methanol with a Li-doped MgO
catalyst, the alcohol to oil ratio of more than 15 complicates the processes of heating and separating the
product, the optimum ratio is from 12 to 15. The authors of [16] found that the ratio of alcohol to oil,
exceeding 30, is harmful due to the increased solubility of the glycerol product in the reaction mixture.
However, in the case of the transesterification reaction of rapeseed oil with methanol and Zn / Al catalyst
carried out in high-pressure autoclaves at high temperatures, it was found that a higher alcohol to oil
ratio is favorable.

One of the important variables that effects on the transesterification reaction rate is temperature.
Although the reaction can be carried out at room temperature, which the authors of [17] successfully
implement, based on the kinetics, the reaction rate increases with increasing temperature. Moreover, in
the case of oils transesterification higher temperatures lead to decrease in oil viscosity and better
reagents mixing.

Nevertheless, there is an optimal reaction temperature and its further increase causes a decrease in
the biodiesel yield due to increased saponification (in the case of homogeneous alkaline catalysts), as
well as the rapid evaporation of the used alcohol [18]. Consequently, the reaction temperature is usually
maintained below the boiling point of the alcohol; however, it is possible to carry out the reaction at
higher temperatures under reflux conditions or at high pressure.
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A literature review showed that the process of biodiesel production from oil plants has a wide range
of temperatures, pressures and ratios of raw feedstock. This gives a huge field to study the biodiesel
production and the products properties that also change with changing reaction conditions.

The most significant biodiesel characteristics are viscosity, lubricity, flash point, cetane index and
low temperature properties. These properties play a decisive role in the equipment design for the biofuels
use in diesel engines, in the fuel operation in different climatic conditions.

Thus, the study purpose is to determine the most preferred feedstock for the biodiesel fuel production
with optimal physicochemical and low-temperature properties.

To achieve this goal, the following tasks were determined:

e investigate the physicochemical properties and low-temperature characteristics of feedstock for
the biodiesel fuel production (vegetable oils);

¢ choose a method for the biodiesel synthesis;

¢ investigate the physicochemical properties and low-temperature characteristics of the obtained
products (complex mixtures consisting of ethyl esters of fatty acids — biodiesel fuel).

2.Experimental part
Sunflower, mustard and linseed unrefined edible oils from various manufacturers were used as feedstock
for biodiesel production.

Ethyl alcohol was used as a transesterifying agent.

The molar ratio “ethanol: oil” is assumed to be 9: 1 based on the molar masses of alcohol and
vegetable oil. When the molar ratio is less than 9: 1, the reaction is incomplete, with an increase in the
molar ratio, the separation of glycerol becomes more difficult and the yield of ethers decreases.

The reactor was a heat-resistant beaker 4 in the volume of 1 liter, located on the electric stove 5,
equipped with a stirrer 1 and a thermometer 3 (Figure 1). The top of the heat-resistant beaker was
covered with metal foil to prevent volatilization of alcohol vapors during the reaction.
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Vegetable oil was placed in a heat-resistant beaker, slowly heated to 75 °C with constant stirring,
then the catalyst was introduced and the reaction time was started. An alcoholic solution of potassium
hydroxide was used as a catalyst. The reaction time was 6 hours. At the end of the synthesis, the reaction
mixture was cooled to room temperature and glycerol was added, which contributed to the formation of
two phases. The beaker's contents were transferred to a separation funnel for further processing. After
settling, two phases were formed — the upper one consisting of ethyl esters of vegetable oils and residual
ethanol, and the lower one containing glycerin, an excess of ethanol, unreacted potassium hydroxide,
formed soaps and products of incomplete transesterification. The obtained ethyl esters were purified
from residual ethanol using a rotary evaporator. The catalyst was removed by sequential washing with
1 % citric acid solution (until neutral pH) and then with distilled water.
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The use of a rotary evaporator can significantly reduce losses during the distillation of ethyl alcohol
and eliminate the stage of drying the obtained product.

3.Results and discussion

The paper was examined various feedstock options (vegetable oil) for the biodiesel fuel production. The
physicochemical properties of three different vegetable oils (sunflower, mustard, linseed) were
investigated. The results of measurements of the kinematic viscosity [19], dynamic viscosity [19] and
density [20] are shown in tables 1-3, respectively.

Table 1. Kinematic viscosity of vegetable oils.

Vegetable oil Kinematig viscgsity Kinematic visc2osity
at 15 °C (m?/s) at 20 °C (m°/s)
Sunflower oil 77.76-10°8 62.46-10
Mustard oil 90.26-10 72.14-10°C
Linseed oil 62.41-10° 51.07-10°

Table 2. Dynamic viscosity of vegetable oils.

veieq  Oie ey Dl ey
Sunflower oil 71.77-103 57.43-103
Mustard oil 83.05-1073 66.14:10
Linseed oil 58.13-108 47.41-10°%
Table 3. Density of vegetable oils.
Vegetable oil Density at 15 °C (kg/m®)  Density at 20 °C (kg/m?®)
Sunflower oil 922.9 919.6
Mustard oil 920.1 916.8
Linseed oil 931.5 928.4

From the data presented in tables 1-3 it can be seen that linseed oil has the lowest both kinematic
and dynamic viscosity at temperatures of 15 °C and 20 °C. While the least density at temperatures of 15
°C and 20 °C has mustard oil.

Low-temperature characteristics, such as cloud point [21] and pour point [22], were also determined
for feedstock for biodiesel fuel production. The results are shown in table 4.

Table 4. Cloud point and pour point of vegetable oils.

Vegetable oil Cloud point (°C) Pour point (°C)
Sunflower oil -9 -19
Mustard oil -18 -29
Linseed oil -13 -16

From the data presented in table 4, we can conclude that mustard oil has the best low-temperature
characteristics, sunflower oil — the worst.
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The result of triglyceride esters transesterification contained in vegetable oil under the low alcohols
action in the catalyst presence is a complex mixture formation consisting of fatty acids ethyl esters — the
main synthesis product — biodiesel fuel.

Thus, the overall efficiency of the biodiesel production technology is determined by the conversion
degree of the feedstock and the ethyl esters yield of vegetable oils. Product yields for various vegetable
oils are presented in table 5.

Table 5. The yields of the mixture of fatty acids ethyl esters obtained from vegetable oils.

Product Mass of feedstock (g) Yield (%)
Sunflower oil product 584.40 59.12
Mustard oil product 573.20 50.37
Linseed oil product 567.10 51.28

As can be seen from table 5, which presents the product yields after residual alcohol distillation, the
highest yield is observed for the product obtained from sunflower oil, the lowest — for the product
obtained from mustard oil.

For the obtained biodiesel fuels were determined physicochemical properties. The results of
determining the kinematic viscosity [19], dynamic viscosity [19] and density [20] are shown in
tables 6-8, respectively.

Table 6. Kinematic viscosity of obtained biodiesel fuels.

Product Kinematic viscosity Kinematic viscosity
at 15 °C (m?/s) at 20 °C (m?/s)
Sunflower oil product 20.37-10° 17.19-10°¢
Mustard oil product 25.81-10° 21.73-10°®
Linseed oil product 20.96-10 17.88-10°

Table 7. Dynamic viscosity of obtained biodiesel fuels.

ode  OfmEvey D ven
Sunflower oil product 18.43-10°3 15.49-10°3
Mustard oil product 23.36-1073 19.60-1073
Linseed oil product 19.18:10°% 16.29-10°%

When comparing the kinematic viscosity of the feedstock for the biodiesel fuel synthesis (table 1)
and the obtained products (table 6), it can be noted that cause of the transesterification reaction, the
kinematic viscosity decreased more than three times for each of the products.

Products from sunflower and linseed oil have similar kinematic viscosity values, in contrast to the
product obtained from mustard oil, the viscosity of which is the highest among those presented.

Similar trends are observed for dynamic viscosity values (the product obtained from sunflower oil
has the lowest dynamic viscosity, the product obtained from mustard oil has the highest viscosity).
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Table 8. Density of obtained biodiesel fuels.

Product Density at 15 °C (kg/mq) Density at 20 °C (kg/mq)
Sunflower oil product 904.7 901.0
Mustard oil product 905.0 901.7
Linseed oil product 915.1 911.4

When comparing the density of feedstock for the biodiesel synthesis (table 3) and the obtained
mixtures of fatty acids ethyl esters (table 8), it should be noted that the density of each obtained product
decreased by more than 15 kg/m®. A product obtained from linseed oil characterizes the highest density,
both at 15 °C and at 20 °C. While the product obtained from sunflower oil has the lowest density at
15 °C; the product obtained from mustard oil has the lowest density at 20 °C.

A significant decrease in each of the physicochemical characteristics has a positive effect on the
possibility of using biodiesel fuel for vehicles, since viscous and heavy fuel makes it difficult for the
engine to work.

During the study of the literature, it was found that not many authors pay attention to the low-
temperature characteristics of the mixtures of fatty acids ethyl esters. For the cold climate that prevails
in most of Russian Federation territory, the issue of compliance of the low-temperature characteristics
of the obtained products with the existing standards is most acute.

In the work process, the cloud point [21] and pour point [22] of the transesterification reaction
products were determined. The results are presented in table 9.

Table 9. Cloud point and pour point of obtained biodiesel fuels.

Product Cloud point (°C) Pour point (°C)
Sunflower oil product +7 -8
Mustard oil product -11 -14
Linseed oil product -10 -12

An overall deterioration in the low-temperature properties of the obtained products is observed in
comparison with the corresponding characteristics of the feedstock (table 4). The product obtained from
mustard oil has the best cloud point and pour point; the product obtained from sunflower oil — is the
worst.

4.Conclusions
Based on the investigation results the following conclusions were made:

e Complex mixture of ethyl esters, obtained from sunflower oil, is characterized by the highest
yield, as well as the lowest viscosity values. Thus, based on the physicochemical properties of the
obtained products, sunflower oil is the most preferable feedstock for biodiesel production, which is
also the most optimal for processing from an economic point of view.

e It was found that products derived from mustard oil have the best low-temperature properties.
Thus, mustard oil is the most optimal feedstock in terms of low-temperature characteristics, which
plays an important role in cold climate conditions.
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