§ sciendo

Ovidius University Annals of Chemistry

DOI: 10.2478/auoc-2025-0009

Volume 36, Number 1, pp. 73 - 85, 2025

Comparative study of biodiesel properties from waste oil, refined and unrefined
sunflower oils: Effect of process parameters

Nebojsa VASILJEVIC™,*? Vladan MICIC,! Mirko PETKOVIC,? Milorad TOMIC,** and
Darja PECAR®

'Faculty of Technology Zvornik, University of East Sarajevo, Karakaj 34A, 75400 Zvornik, Bosnia and Herzegovina
2Faculty of Technology Novi Sad, University of Novi Sad, Cara Lazara 1, 21000 Novi Sad, Serbia
3 Qil refinery Modrica JSC Modrica, Vojvode Stepe Stepanoviéa br. 49, 74480 Modrica, Bosnia and Herzegovina
*Engineering Academy of Serbia, Kneza Milosa 9/IV, 11000 Belgrade, Serbia
SFaculty of Chemistry and Chemical Technology, University of Maribor, Smetanova ulica 17, 2000 Maribor, Slovenia

Abstract. In this paper, the possibility of producing biodiesel using refined, unrefined and waste cooking oil, with the
use of methanol in the transesterification reaction, will be examined. Potassium hydroxide was used as a catalyst in
homogeneous catalysis. Various biodiesel properties were measured and compared with the ASTM D6751 and EN 14214
standards, in order to determine the quality. Biodiesel obtained from refined and unrefined sunflower oil meets the
standards, because it has a low viscosity, acid number below 0.5 mg KOH/g and good properties at low temperatures,
while biodiesel from waste oil showed increased moisture (> 0.08 %) and poor properties at low temperatures. The
research showed that both refined and unrefined sunflower oil can serve as raw materials for biodiesel, while further
research is needed for waste oils as raw materials for biodiesel production.
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1. Introduction

The demand for energy is increasing, driven by the
continuous growth of the population, rapid
industrialization and technological development
worldwide [1, 2]. As a result, fossil fuel reserves — such
as oil, natural gas and coal — are becoming increasingly
limited and rapidly depleted [3, 4]. On the other hand,
the combustion of fossil fuels increases the emission of
greenhouse gases (carbon dioxide, carbon monoxide,
and sulfur and nitrogen oxides), which contribute to
global warming and environmental degradation [1, 5-7].
Greenhouse gas emissions are estimated to cause 65%
of global warming, with carbon dioxide accounting for
approximately 65% of total emissions [7]. The transport
sector, most manufacturing industries, and even
electricity generation are heavily dependent on fossil
fuels. Projections show that by 2030, 80% of energy will
be based on fossil fuels, despite international
agreements to reduce them [8, 9]. Renewable energy
sources, such as wind, solar, and hydroelectric power,
have the potential to reduce carbon emissions in the
power sector and industry [5]. Biofuels, such as
biodiesel and bioethanol, stand out as alternatives to
fossil fuels in the transport sector, primarily because
they can be used in existing internal combustion engines
without significant modifications and because they burn
cleanly [10-12].

Biodiesel is a renewable fuel produced from biomass
[13]. Biodiesel production has been growing steadily,
especially in the last two decades. In the European

Union, biodiesel production increased by as much as
137% between 2006 and 2016, while globally, from
2017 to 2020, production increased by about 30% [14].
Its properties largely depend on the composition of the
fatty acids, which can be saturated and unsaturated [15].
Saturated biodiesel, which is rich in myristate, palmitate
and stearate, has properties similar to conventional
diesel. However, at low temperatures these properties
deteriorate [16]. Biodiesel dominated by unsaturated
oleate and linoleate have higher viscosity and higher
surface tension compared to conventional diesel [17].
One of the main advantages of biodiesel is its
biodegradability. In addition, the emission of
greenhouse gases, such as carbon dioxide, carbon
monoxide and sulfur dioxide, is quite low [10, 18, 19].
Biodiesel also has other advantages, such as a high
cetane number (which allows for good flammability),
optimal viscosity (which allows for good lubrication),
and low toxicity, since it contains neither sulfur nor
aromatic compounds [14, 20, 21]. In addition, it has a
high flash point, which makes it safer for transportation
and storage. It is compatible with existing diesel engines
without additional technical modifications [22-24].
Comparing the emissions of biodiesel and
conventional diesel, the advantage of biodiesel is clearly
visible. Namely, by using 1 kg of biodiesel, CO;
emissions can be reduced by about 3 kg. In percentage
terms, the total CO, emissions are 65-90% lower
compared to fossil diesel [8, 25]. Even fuel blends with
20% biodiesel (B20) lead to a reduction in CO;

* Corresponding author. E-mail address: nebojsa.vasiljevic@tfzv.ues.rs.ba (Nebojsa Vasiljevi¢)

© 2025 Nebojsa Vasiljevic et al.

This is an open access article licensed under the Creative Commons Attribution-NonCommercial-NoDerivsLicence

(https://creativecommons.org/licenses/by-nc-nd/3.0/).



Vasiljevi¢ et al./ Ovidius University Annals of Chemistry 36 (2025) 73-85

emissions — a 15.66% reduction in CO, emissions has
been recorded in city buses [8].

Various processes can be used to produce biodiesel,
the most common of which are microemulsion, biomass
pyrolysis, catalytic cracking and transesterification [26,
27]. However, transesterification is the most common,
primarily because the resulting biodiesel is most similar
to diesel fuel from fossil sources. Transesterification is
a chemical reaction between triglycerides (in fats and
oils) and alcohol, which produces biodiesel (alkyl ester
of fatty acids) and a by-product — glycerol [19, 27]. The
reaction itself takes place in several steps: triglycerides
are first broken down into diglycerides, then into
monoglycerides, and in each of these steps fatty acid
esters are released [5, 28]. Methanol and ethanol are the
most commonly used alcohols, primarily because they
are available, have a low price and appropriate
reactivity. Since transesterification is a reversible
reaction, excess alcohol is usually added to shift the
equilibrium towards biodiesel [5, 28, 29]. The efficiency
of the conversion is also affected by other factors —
primarily the reaction time, temperature, type and
concentration of the catalyst, as well as the ratio of
alcohol to oil [5, 30].

Triglycerides from various sources are used as
feedstock for biodiesel production - from edible and
inedible vegetable oils, through waste oils, to algae and
animal fats [31, 32]. The cost-effectiveness of the
process depends mostly on the feedstock, the cost of
which can amount to 75-85% of the total production
costs [1, 33]. The use of edible oils - such as rapeseed
oil, soybean oil, sunflower oil, safflower oil and peanut
oil - presents a particular challenge, as they are already
used as food [27, 34]. Therefore, more attention is being
paid to alternatives today, among which waste oils play
an important role. They are easily available and cost two
to three times less than fresh vegetable oil [35-37]. An
additional advantage is that their use also solves the
problem of their improper disposal, which harms the
environment [38].

Catalysts play a key role in transesterification,
primarily because they reduce the activation energy and
change the reaction pathway [28, 30]. Depending on the
state of aggregation, catalysts can be homogeneous and
heterogeneous. Homogeneous base catalysts, such as
NaOH and KOH, are often used because they achieve
high yields of biodiesel under relatively mild conditions
— temperature around 60 °C, ambient pressure,
alcohol:oil ratio 6:1, and reaction duration around 1 h.
However, their use has disadvantages. Soap formation
can occur due to the presence of free fatty acids in the
oil, and the catalyst itself cannot be isolated after
synthesis [14, 39, 40]. On the other hand, homogeneous
acid catalysts (H2SO4, HCI, H3PO4 and sulfonated acids)
are more suitable if the feedstock is oil with a high
content of water and free fatty acids. However, their
application requires large amounts of acid, which
increases costs, but also the risk of equipment corrosion
[27]. Recently, heterogeneous catalysts have attracted
increasing attention - among which calcined waste
materials (eggshells, bones), zeolites, nanomaterials
(multi-walled carbon nanotubes), as well as catalysts
based on heteropolyacids stand out. Their main
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advantage lies in the fact that they are easily separated
after the reaction and can thus be used in subsequent
cycles. However, in order to leave the same yield as with
homogeneous catalysts, a longer time, somewhat higher
reaction temperatures and frequent performance under
pressure are required [26].

The aim of this work will be to examine the
production of biodiesel from unrefined sunflower oil,
refined sunflower oil and waste oil. In doing so, by
changing certain process parameters (methanol/oil ratio,
reaction time and catalyst concentration), it will be
determined whether the obtained biodiesel has the
quality to meet the criteria prescribed by the standard. In
this way, a better understanding of the process and the
possibility of obtaining it from different sources will be
enabled.

2. Experimental

2.1. Materials and reagents
Unrefined sunflower oil, refined sunflower oil, and
waste oil were used as raw materials for obtaining
biodiesel, while methanol (Centrohem, Belgrade,
Serbia) was used as alcohol.

2.2. Synthesis of biodiesel

Refined and unrefined oil do not require pretreatment,
while the used oil was first heated to a temperature of
105 °C to remove water remaining after using the oil
(frying, deep-frying), and then hot filtered through a
filter belt to remove residual solid parts of food.

For the synthesis process, a potassium methoxide
solution is first prepared (slowly and carefully dissolve
KOH, which acts as a catalyst, in methanol with
heating), and at the same time oil is carefully poured into
a flask with a ground stopper and heated to the synthesis
temperature. The biodiesel synthesis temperature was 60
°C because that temperature provides optimal conditions
for transesterification - it is close to the boiling point of
methanol (64.7 °C) while ensuring a sufficient reaction
rate. When the temperatures of the oil and the potassium
methoxide solution have reached the synthesis
temperature, they are combined and the synthesis time
is measured from that moment. The mixing speed during
the synthesis process was constant and amounted to 350
rpm. Upon completion, the mixture is transferred to a
separation funnel and left overnight to separate the
layers of glycerin and biodiesel. A dark, glycerine layer,
remains at the bottom of the reactor, is carefully
separated by decantation, and the residual, lighter
biodiesel layer is used for further characterization.

2.3. Methods for biodiesel characterization
First of all, the yield of biodiesel was determined, which
is calculated according to Equation 1 [41]:

n =100 [%] &
Mo

where are:
mg = weight of biodiesel produced, g;
mo = weight of oil used, g.

The acid number - AN (in some literature the acid
value — AV) was calculated by titration of sample with
an alcoholic solution of KOH using phenolphthalein as
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an indicator until a light pink color appeared. It is
calculated according to Equation 2 [42]:

N = 261 Ve G, 100 [mg KOH/g] (2)
where are:

V; — volume of titrant, cm?;

C: — concentration of titrant, mol/dm? and

m — sample mass, g.

Water content (%) was determined by the Karl-
Fischer titration method described in [43] on KF 737
Coulometer (Metrohm, Herisau, Switzerland), while
viscosity at 40 °C (mm?/s) and viscosity at 100 °C
(mm?/s) were determined according to ISO 3104 (the
method is identical to ASTM D445) via NVB Classic
Tamson (Tamson Instruments B.V., Bleiswijk, The
Netherlands) [44]. Viscosity index was calculated based
on viscosity at 40 °C and 100 °C, while pour point (°C),
cloud point (°C), filterability (°C), and flash point (°C)
were determined according to methods 1SO 3016:2019,
ISO 3015:2019, EN 116:2016, and 1SO 2592:2017
respectively [45-48]. Filterability was determined on an
A.T.P.E.M. (ISL, Houston, Texas, United States), pour
point and cloud point were determined using CPP
Classic (Normalab, Valliquerville, France), and flash
points were determined using Cleveland Flash CLA 5
(AntonPaarGmbH, Graz, Austria).

2.4. Design of experiment

In this study, we have 4 process variables — methanol:oil
ratio (two levels), catalyst concentration (three levels),
time (total of nine levels) and type of sunflower oil from

which biodiesel is obtained (three different types). A
one-factor-at-a-time (OFAT) method was used, where
one parameter is varied while others are kept constant.
The experiments are grouped into two parts: in the first
part, the influence of the methanol:oil molar ratio, time
and catalyst concentration on the characteristics of
biodiesel obtained from refined and waste sunflower oil
was investigated.

First, a preliminary analysis was performed to
determine at which methanol:oil molar ratio the best
biodiesel characteristics are achieved. After that, with
the molar ratio at which the best biodiesel characteristics
were achieved, the influence of time and catalyst
concentration was investigated.

The second part of the experiments is an addition and
was not foreseen in the original design of the
experiment, but the goal of that part is to determine how
shorter times and different catalyst concentrations affect
the characteristics of biodiesel. Also, in this second part,
unrefined sunflower oil was used as a raw material, thus
enabling the testing of biodiesel from as many as three
types of sunflower oil.

3. Results and discusion

The results obtained in the study are shown in Table 1.
Three types of sunflower oil were used to obtain
biodiesel (refined, unrefined, and waste oil), two levels
of methanol:oil molar ratio (4.5:1 and 6:1), three
different catalyst concentrations (1 — 3 wt%) and 9
different times (range from 0.5 h — 12 h).

Table 1. Summarized results of the study on biodiesel production from sunflower oil.

Cz‘(t)?llc}iSt Time ?:_‘:il; T;(t)il(; Biodiesel Pour point | Cloud point | Filterability Flash point
[wt. %] [h] [mol/mol| yield [%] [°C] [°C] [°C] [°C]
Biodiesel from refined sunflower oil
4 45 83.32 -3 5 -4 172
12 ) 71.89 -3 5 -4 173
2 4 95.39 -3 5 -2 185
8 87.02 -3 5 -4 188
12 6 87.51 -3 5 -2 183
1 99.60 -3 7 -1 185
2 8 87.02 -3 5 -4 188
3 74.40 -3 7 -5 184
Biodiesel from waste oil
4 93.75 12 18 10 176
2 8 91.14 10 16 10 174
12 6 91.19 13 18 13 178
1 93.80 13 18 12 180
2 8 91.14 10 18 9 180
3 75.82 12 20 12 180
Biodiesel from sunflower unrefined oil
0.5 99.72 -3 26 -7 -
1 99.17 -3 26 -6 -
1.5 98.41 -3 26 -5 -
1 2 6 97.31 -3 20 -6 -
3 96.60 -3 26 -4 -
3.5 96.59 -3 26 -4 -
4 95.30 -3 23 -3 -
1 93.92 -3 8 -4 -
2 4 4.5 77.69 -3 8 -4 -
3 50.19 -6 22 -5 -
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Table 1. (continued).

Catalyst Time Methanol- | Viscosity at | Viscosity at | Viscosity Water Total acid
conc. [h] to-oil ratio 40 °C 100 °C index content number
[wt. %] [mol/mol] [mm?/s] [mm?/s] [-] [%] [mg KOH/g]
Biodiesel from refined sunflower oil

4 45 4.98 1.89 255 0.028 0.0564

12 ) 4.33 1.74 263 0.060 0.0563

2 4 3.98 1.63 268 0.066 0.0564
8 4.05 1.70 273 0.090 0.0563

12 6 4.09 1.68 268 0.100 0.0562

1 3.95 1.67 273 0.106 0.0561
2 8 4.05 1.7 273 0.090 0.0563
3 4.19 1.67 263 0.137 0.0561

Biodiesel from waste oil

4 5.33 1.87 241 0.190 0.1409

2 8 5.23 1.87 244 0.223 0.1410
12 6 5.20 1.95 254 0.220 0.1404

1 5.24 1.89 245 0.214 0.1409
2 8 5.23 1.87 244 0.223 0.1410
3 5.29 1.91 245 0.260 0.1406

Biodiesel from sunflower unrefined oil

0.5 4.04 1.59 261 0.068 0.0298

1 3.86 1.59 260 0.072 0.0313

1.5 4.11 1.60 259 0.092 0.0305

1 2 6 4.10 1.61 262 0.079 0.0307
3 4.03 1.63 269 0.088 0.0296

3.5 3.96 1.61 267 0.071 0.0296

4 3.92 1.63 272 0.095 0.0313

1 3.84 1.60 272 0.056 0.0313
2 4 4.5 4.34 1.72 262 0.094 0.0381
3 4.70 1.81 257 0.147 0.0423

Table 2. Permissible limits of certain physical and chemical
properties of biodiesel according to ASTM D6751 and EN

i 14214 standard. To assess the quality of biodiesel, a comparison of
__Properties | ASTMD6751 | EN 14214 the obtained results with the American standard (ASTM
Eglsncl‘z’/ssl]ty at 40 °C 1.9-6 3.5-3 D6751) and the European standard (EN 14214) was
Water content [%] 0.08 max 0.05 max made (Table 2) [49, 50].' . . .
Total acid number 05 max 0.5 max Table 3 shOV\_/s apreliminary analy5|s of the mfluer_lce
[mgKOH/g] of the molar ratio of methanol to oil on the production
Pour point [°C] 15)-6 _ of biodiesel from refined oil with the addition of 2 wt%
Cloud point [°C] -3 12 catalyst after 4 h.and 12 h.
Filterability [°C] - -
Flash point [°C] 93 min 120 min
Table 3. Preliminary analysis of the influence of the methanol:oil ratio on the properties of biodiesel.
Cz(:?llcy.st Time i\(/)[_eotil; ?‘I:t)il(; Biodiesel | Pour point | Cloud point | Filterability Flash point
[Wt. % [h] [mol/mol] yield [%] [°C] [°C] [°C] [°C]
4 4.5 83.32 -3 5 -4 172
5 6 95.39 -3 5 -2 185
12 4.5 71.89 -3 5 -4 173
6 87.51 -3 5 -2 183
Table 3. (continued).
Catalyst Time Methano- Viscosity Viscosity Viscosity Water Total acid
conc. [h] to-oil ratio at 40 °C at 100 °C index content number
[wt. %] [mol/mol] [mm?/s] [mm?/s] [-] [%] [mg KOH/g]
4 4.5 4.98 1.89 255 0.060 0.0563
2 6 3.98 1.63 265 0.066 0.0559
12 4.5 4.33 1.74 263 0.029 0.0563
6 4.09 1.68 276 0.036 0.0562

The methanol-to-oil ratio has an huge influence on
the yield of biodiesel obtained from refined oil. Thus,
after 4 h of synthesis, at a methanol-to-oil ratio of 4.5:1,

the yield is 83.32%, while at a ratio of 6:1, the yield is
14.49% higher (95.39%). The same effect was observed
after 12 h, because by changing the molar ratio from
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4.5:1 10 6:1, a 21.73% higher yield was observed (from
71.89% to 87.51%). By measuring the viscosity at 40 °C
and 100 °C and calculating the viscosity index, it was
determined that the viscosity indices are lower at the
molar ratio of methanol:oil = 4.5:1 (e.g. after 4 h, the IV
is 255 at the molar ratio of methanol:oil = 4.5:1, and for
the molar ratio of methanol:oil = 6:1 it is 265), which
means that using such a ratio results in a less stable
product [51]. The water content is practically
independent of the methanol:oil ratio, because e.g. after
4 h of synthesis almost identical for both molar ratios
and ranges from 0.060-0.066%. Similar to the water
content, the acid number (0.56 mg KOH/g), pour point
(-3 °C) and cloud point (5 °C) practically remain
unchanged with a change in the mole ratio of
methanol:oil. Flash point and filterability are lower at a
lower methanol:oil molar ratio; thus, after 4 h of
biodiesel synthesis, their values are 172 °C and -4 °C for
the molar ratio methanol:oil=4.5:1, that is, 185 °C and -
2 °C for the molar ratio methanol:oil=6:1.

Analyzing all the previous Responses, one can come
to the conclusion that it is better to synthesize biodiesel
at a methanol-to-oil ratio = 6:1, primarily because
biodiesel with a higher yield and a lower viscosity index
is obtained under these conditions. Therefore, in the
continuation of the study, biodiesel will be synthesized
only at a methanol-to-oil ratio = 6:1.

The yield of biodiesel obtained from refined and
waste sunflower oil depending on time is shown in
Figure la (catalyst conc. is 2 wt%), while the yield
depending on the dose of catalyst is shown in Figure 1b
(time is 8 h).
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Figure 1. Biodiesel yield from refined and waste sunflower

oil as a function of a) synthesis time and b) catalyst
concentration.

It can be seen from Figure 1a that there is a certain
negative influence of time on the yield of biodiesel. First
of all, looking at biodiesel obtained from refined
sunflower oil, it is observed that the yield of biodiesel is
the highest after 4 h (95.39%), while the yield of
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biodiesel decreases with further extension of time. After
8 h, the yield dropped to 87.02%, and by further
extending the time up to 12 h, a slight increase in yield
is observed (87.51%). However, this small increase
should be taken with caution due to possible
measurement error. A similar trend is present with
biodiesel obtained from waste oil. Thus, the highest
yield (93.75%) is at the lowest time (4 h), and by further
extending the time to 8 h, the yield decreases to 91.14%
and practically remains unchanged by further extending
the time to 12 h (91.19%). By comparing the yield of
biodiesel obtained from refined and waste oil at a certain
time, it is noticed that the yield of biodiesel obtained
from waste oil is lower by 1.72% (relatively) compared
to that obtained from refined oil at 4 h, while the
opposite effect is observed by extending the time, so,
e.g. after 8 h, the yield of biodiesel from waste oil is
higher by 4.74% (relatively). According to some works,
it is considered that the extension of the
transesterification time leads to a decrease in the yield
of the product due to the back reaction, which causes the
saponification reaction and the formation of soap [52,
53].

It can be seen from Figure 1b that the amount of
catalyst has a significantly greater influence on the yield
of biodiesel than time. Observing the biodiesel obtained
from refined oil, it is concluded that almost the
maximum yield (99.6%) is achieved with the use of 1
wt% catalyst, while with a further increase in the amount
of catalyst, a noticeable decrease in yield is observed.
Thus, with the use of 3 wt% catalyst, a yield of only
74.4% is achieved, which represents a reduction of as
much as 25.3%. Waste-oil biodiesel follows the same
pattern, with the increase in the amount of catalyst from
1 wt% to 3 wt%, the yield decreases from 93.8% to
75.82%, which is a decrease of 19.17%; therefore, the
yield reduction is less pronounced if waste oil is used as
raw material. With the application of 1 wt% catalyst, it
can be seen from Figure 1b that the yield is higher if the
raw material is refined oil, while at 2 wt% and 3 wt% it
is observed that the yield is higher with waste oil as raw
material. The reduction in the yield is due to the addition
of excess KOH catalyst which leads to more
triglycerides which react with KOH to form soap [53,
54].

Viscosity values at 40 °C and 100 °C and viscosity
index for synthesized biodiesels are shown in Figure 2.

The main disadvantage of vegetable oils as an
alternative fuel is their high viscosity. This is reason why
the transesterification process is carried out, in order to
obtain biodiesel (methyl ester of fatty acids), with
significantly lower viscosity [55, 56].
Transesterification converts triglycerides (highly
unsaturated fatty acids that are susceptible to oxidation)
into mixtures of long-chain fatty acid esters, which are
more saturated [56, 57].

Viscosity at 40 °C was observed to be much higher
in biodiesel originating from waste oil; for example
when using 2 wt% catalyst and 4 h of synthesis, the
viscosity at 40 °C is 3.98 mm?/s for that obtained from
refined oil and 5.33 mm#/s for that from waste oil, which
is an increase of 33.9%. Also, such high viscosity of
biodiesel, which originates from waste oil, has been
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observed for longer periods of time. Furthermore,
observing the influence of time, it was observed that the
viscosity of biodiesel from refined oil increases slightly
from 3.98 mm2/s to 4.09 mm?/s with the extension of
time from 4 h to 12 h, while in the case of biodiesel from
waste oil, a decrease in viscosity was observed from
5.33 mm?s to 5.2 mm?/s in the same time range. The
viscosity in this study matches those of other studies,
e.g. in Naureen's study, where the viscosity was 4.719
mm?/s [58], or Zahed's study, where the viscosity was
4.6 mmz/s [59].
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Figure 2. Values of viscosity and viscosity index of biodiesel
from refined and waste sunflower oil as a function of a)
synthesis time and b) catalyst concentration.

While biodiesel viscosity is higher than that of
petroleum diesel (avg. 2.6 mm2/s [17]), it still meets the
ASTM D6751 requirement of 1.9-6.0 mm?/s [49]. On
the other hand, the EN14214 standard is much stricter,
and prescribes that the viscosity of biodiesel at 40 °C
should be in the range of 3.5-5 mm?/s [50]. According to
the results of this work, biodiesel obtained from refined
oil meets the requirements of this standard, while the one
obtained from waste oil does not because its viscosity is
greater than 5 mm?/s.

With increasing synthesis time from 4h to 12h,
viscosity at 100 °C rises modestly for both feedstocks:
from 1.63 to 1.68 mm?/s for refined-oil biodiesel and
from 1.87 to 1.95mm?*s for waste-oil biodiesel
(waste-oil values remain ~14.7 % higher at 4 h). From
the previous sentence, it is also noticeable that, as in the
case of viscosity at 40 °C, the viscosity is higher with
waste oil, by 14.72% at a time of 4 h. In accordance with
the previous text, the values of the viscosity index can
be guessed. Viscosity indexes for biodiesel from refined
oils are in the range of 268-273, while in the case of
biodiesel from waste oil, that range is in the interval of
241-254. Given that biodiesel from waste oil has a lower
viscosity index, this means that the viscosity changes a
lot more with temperature, that is, that this type of
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biodiesel has less stability compared to the one obtained
from refined oil.

By observing the amount of catalyst as a process
parameter, it was noticed that there is a slight increase in
viscosity at 40 °C with an increase in the amount of
catalyst; in the case of biodiesel obtained from refined
oil, an increase of 6.05% (from 3.95 mm?/s to 4.19
mm?/s) was observed with the increase in the amount of
catalyst from 1 wt% to 3 wt%, while for biodiesel from
waste oil a slight increase of only 0.95% was observed
(from 5.24 mm2/s to 5.29 mm?/s). On the other hand, for
viscosity at 100 °C, such an increase is even less
pronounced - from 1.63 mm?/s to 1.68 mm?2/s in the case
of refined oil as raw material, that is, from 1.89 mm?/s
to 1.91 mm?/s.

The influence of the amount of catalyst on the
viscosity index is quite interesting. In the case of refined
oil as a raw material, a drop in the viscosity index from
273 to 263 was observed by increasing the amount of
catalyst from 1 wt% to 3 wt%, while in the case of waste
oil, the viscosity index is practically unchanged and
ranges from 244-245. So, biodiesel obtained from waste
oil is less stable due to a lower viscosity index, but that
the amount of catalyst alone has no effect on the
viscosity index of such biodiesel. On the other hand,
considering the drop in the viscosity index of refined oil
as a raw material, we come to the conclusion that
excessive amounts of catalyst create less stable
biodiesel.

Figure 3 shows the effect of time and amount of
catalyst on the moisture content and acid number of
biodiesel obtained from refined and waste oil.
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Figure 3. Water content and acid number of biodiesel from
refined and waste sunflower oil as a function of a) synthesis
time and b) catalyst concentration.

Biodiesel’s hygroscopicity - combined with water
and free fatty acids—promotes fuel-system corrosion
and soap formation during transesterification, which
results in a decrease in catalytic efficiency, and in yield
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[61-63]. Figure 3 shows that there are significant
differences in water content and acid number for the two
types of biodiesel; thus observing e.g. biodiesel obtained
from refined and that obtained from waste oil at 2 wt%
catalyst and after 8 h, the water content and acid number
for biodiesel obtained from refined oil are 0.09 % and
0.0563 mg KOHY/g, respectively, and for that from waste
oil are 0.223% and 0.141 mg KOH/g, respectively. So,
in biodiesel obtained from waste oil, there is 147.78%
more moisture, that is, 150.53% higher acid number
compared to biodiesel from refined oil. Neither
synthesis time (4 h—12 h) nor catalyst loading (1 wt%—
3 wt%) significantly alters the acid number (narrow
variation), but both parameters increase water content:
by increasing the synthesis time from 4 h to 12 h, the
water content in biodiesel from refined oil increased by
51.52% (from 0.066% to 0.10%), while in biodiesel
from waste oil it increased by 18.42% (from 0.19% to
0.225%). Likewise, by increasing the amount of catalyst
from 1 wt% to 3 wt%, the water content in biodiesel
from refined oil increased by 37% (from 0.10% to
0.137%), while in biodiesel from waste oil it increased
by 21.5% (from 0.214% to 0.26%).

The acid number values in this study are lower than
some in other works; for example in the work of Ozorco
et al., the acid number reaches values up to 0.6 mg
KOH/g [64]. Also, in the study by Hossain, biodiesel
from waste sunflower oil had significantly more acids

and the obtained acid number was 0.44 mg KOH/g [65],
while in the study conducted by Saydut et al., the acid
content was in the range of 0.50-0.52 mg KOH/g for
refined sunflower oil and 0.56-0.57 mg KOH/g for
waste oil [66]. On the other hand, similar acid number
values can be found in some works, such as in Naureen's
study, where the acid number is 0.07 mgKOHY/g [58], or
Zahed's study (0.05 mgKOH/g) [59].

According to ASTM D6751 and EN 14214, the acid
number must not exceed 0.5 mg KOH/g, which means
that the synthesized biodiesel meets the required
standards. According to the ASTM D6751 standard, the
maximum amount of water in biodiesel is 0.08%, and
according to the EN 14214 standard, this limit is even
more rigorous and amounts to 0.05% [49, 50].
Therefore, biodiesel obtained from waste oil does not
meet the required conditions, and as for biodiesel from
refined oil, only the one synthesized using 2 wt%
catalyst, molar ratio 6:1 and 4 h synthesis meets the
ASTM standard. Also, by reviewing the results from the
preliminary analysis, it is observed that biodiesel with a
more satisfactory water content according to the ASTM
standard is produced with a methanol:oil molar ratio of
4.5:1.

Table 4 shows the values for pour point, cloud point,
filterability, and flash point of biodiesel obtained from
refined and waste oil.

Table 4. Values of pour point, cloud point, filterability and flash point of biodiesel obtained from refined and waste sunflower oil at
different synthesis times and catalyst concentrations.

Variables Ra“{ Values
material
Catalyst conc. [wt.%] 2 1 | 2 | 3
Time [h] 4 8 12 8
- Refined oil 3 3 3 3 3 3
Pour point [*C] Waste oil 12 10 13 13 10 12
o Refined oil 5 5 5 7 5 7
Cloud point [*C] Waste oil 18 16 13 13 13 20
. e o Refined oil -2 -4 -2 -1 -4 -5
Filterability [*C] Waste oil 10 10 13 12 9 12
- Refined oil 185 188 183 185 188 184
Flash point [*C] Waste oil 176 174 178 130 180 180

At low temperatures, diesel engine operation can be
difficult due to high viscosity, which is why it is
necessary to determine fuel properties at low
temperatures, such as pour point and cloud point [67]. It
can be seen from Table 4 that the pour point of biodiesel
obtained from refined oil is not affected by time or the
amount of catalyst, that is, the pour point is always -3°C.
This is in accordance with the ASTM D6751 standard,
according to which the permissible limits are -15 to 6 °C
[49]. In the work of Naureen et al., the pour point is -
5°C, thus very similar to the value in this work [58]. In
the available literature, it can be found that the average
pour point of diesel fuel is 1 °C, which means that
obtained biodiesel outperforms conventional diesel [67].
On the other hand, the pour point of biodiesel obtained
from waste oil is in the range of 10-13 °C, thus slightly
higher than the upper limit of the standard, which is why
this type of fuel does not meet the legal norms regarding
quality. It is noted that the lowest and therefore the most
favorable values of the pour point are achieved at the
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central process conditions, i.e. with the addition of 2
wit% catalyst and after 8 h of synthesis. However, these
values should be taken with caution due to possible
measurement error.

As in the case of pour point as Response, biodiesel
obtained from waste oil has a higher cloud point and
flitability than that obtained from refined oil. A cloud
point analysis was conducted to ascertain the
temperature at which solid components, such as waxes,
initiate formation in biodiesel feedstock. The cloud
point for biodiesel obtained from refined oil is in range
5 -7 °C, which is compared to some other works, such
as the work of Wan Osman, in which the cloud point is
8.7 °C [68], or the work of Bello, in which the cloud
point is 8.6 °C [69]. Waste-oil biodiesel shows cloud
points of 16-20°C. Limit values of the cloud point
according to the ASTM D6751 standard are from (-3 °C)
— 12 °C, which means that biodiesel obtained from
refined oil passes the legal norm, but biodiesel from
waste oil does not pass the norm.. According to the
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available literature, the cloud point of diesel fuel is 2 °C,
which is close to the biodiesel obtained from refined oil
in our study [67].

Time has no effect on the filterability of biodiesel
obtained from refined oil (interval (-4) — (-2) °C), but the
amount of catalyst has a negative effect on this Response
because increasing the amount of catalyst decreases
filterability from -1 °C to -5 °C. The filterability of
biodiesel from waste oil ranges from 9 to 13°C. It should
be noted that filterability values for biodiesel are not
covered by any standard.

Flash point indicates the flammability of the fuel as
it considers the lowest temperature at which the heated
vapor and air above the fuel will ignite [70, 71]. It is an
important measure because it determines safety during
handling and transportation [56, 61]. From Table 4, it
can be seen that there is a definite difference in the
ignition point for two different types of biodiesel; for
biodiesel from refined oil, the ignition point is in the
range of 183 - 188 °C, while for biodiesel from waste oil
it is lower, and is in the range of 174 - 180 °C. Also in
the available literature are approximate flash point
values [58]. In some literature, the ignition point is only
99 °C, and in such cases there is a possible problem of
potential self-ignition during transport [59]. The ignition
point according to the ASTM D6751 standard must be
higher than 93 °C, and according to EN 14214 higher
than 120 °C, which means that biodiesel obtained from
both types of sunflower oil meets the norms of both
standards [49, 50].

In the previous part of the work, the influence of time
and amount of catalyst on the characteristics of biodiesel
obtained from refined and waste sunflower oil was
analyzed. According to the design of the experiment, the
time test was performed at a constant central dose of the
catalyst (2 wt%), however, analyzing the influence of
the dose of the catalyst in the range 1-3 wt%, it was
established that the addition of 1 wt% of the catalyst
produced biodiesel with better characteristics. Likewise,
the influence of time in the range of 4-12 h was
investigated, however, the analyzes determined that the
biodiesel yield decreases with the extension of time.
Bearing that in mind, below, the test was performed for
shorter times of 0.5 — 4 h with the addition of 1 wt%
catalyst. Also, considering the insufficient results in
which the molar ratio of methanol:oil = 4.5:1 was
applied, this ratio was used below to test the amount of
catalyst (1 - 3 wt%) on the characteristics of biodiesel (it
is important to note that in these experiments the time
was kept constant at 4 h, considering that this time
figures in both the first part of the experiments and this,
second, additional part). Finally, in the second part,
unrefined sunflower oil was used as a raw material for
obtaining biodiesel, because in this way it was possible
to examine three different types of sunflower oil in the
study.

Figure 4a shows the influence of time on the yield of
biodiesel at a molar ratio of methanol to oil of 6:1 and in
the presence of 1% catalyst, while Figure 4b shows the
effect of the dose of catalyst on the yield of biodiesel
obtained from unrefined oil at a molar ratio of methanol
to oil of 4.5:1 and after 4 h of synthesis.
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Figure 4. Biodiesel yield from unrefined sunflower oil as a
function of a) synthesis time and b) catalyst concentration.

It can be seen from Figure 4a that the amount of
methyl ester phase is extremely high and is always
above 95%. The highest yield is achieved after only 30
min (99.72%), however, with further extension of time,
it gradually falls and after 4 h it amounts to 95.3%. The
possible reason for such a negative trend lies in the fact
that in these experiments no post-treatment was
performed, that is, washing and drying of the methyl
ester fraction after separation from the glycerine layer.
The absence of these steps could have led to the fact that
residual raw materials (oil and methanol) and catalyst
still exist in this fraction, which affected the incorrect
estimation of the mass of the methyl ester fraction.

Figure 4b shows a pronounced effect of catalyst
loading on biodiesel yield: the optimum is achieved with
the addition of 1 wt% catalyst (yield is 93.92%), while a
further increase in the catalyst dose leads to a drastic
decrease in biodiesel yield. Thus, with the addition of 3
wt% catalyst, the yield of biodiesel is almost twice as
low and amounts to only 50.19%. The possible reason
for this phenomenon is that an excess of catalyst leads
to the formation of a stable emulsion between biodiesel,
glycerol and unconverted triglycerides. Further, the
separation of phases after the reaction is difficult
because of this, so part of the biodiesel remains trapped
in the emulsion and is lost.

As in the first part of the experiments, there is a
decrease in yield with an increase in the amount of
catalyst. The most likely reason for this phenomenon is
that an excessive amount of KOH leads to the reaction
of KOH with triglycerides, which results in the
formation of soap [53, 54].

Figure 5a shows the effect of time on the viscosity
and viscosity index of biodiesel at a 6:1 methanol-to-oil
molar ratio and in the presence of 1% catalyst, while
Figure 5b shows the effect of the catalyst dose on the
viscosity and viscosity index of biodiesel obtained from
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unrefined oil at a 4.5:1 methanol-to-oil molar ratio and
after 4 h of synthesis.
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Figure 5. Values of viscosity and viscosity index of biodiesel
obtained from unrefined sunflower oil depending on a)
synthesis time and b) catalyst concentration.

The viscosity at 40 °C increases with the extension
of the synthesis time from 0.5 h to 1.5 h (from 4.04
mmz/s to 4.11 mm2/s), while further extension of the
time (up to 4 h) causes a drop in viscosity to 3.92 mm2/s.
The prescribed limits are 1.9-6 mm?/s according to
ASTM D6751, which means that these values are within
the standard limits for quality [49]. This trend of
viscosity change is not observed for viscosity at 100 °C.
First of all, the viscosity increases only slightly with
increasing time (from 1.59 mm2/s after 0.5h to 1.64
mm2/s after 4 h). By using these two viscosities and
determining the viscosity index, it is observed that the
viscosity index practically does not change by extending
the synthesis time from 0.5 h to 2 h (amounts 260). By
further extending the synthesis time, it is noticed that the
viscosity index increases, achieving a maximum value
of 271 after 4 h.

As for the viscosity of biodiesel obtained from
unrefined oil, it decreases with increasing amount of
catalyst. Thus, with an increase in the catalyst dose from
1 wt% to 3 wt%, the viscosity at 40 °C increases from
3.84 mm?/s to 4.7 mm?/s, while the viscosity at 100 °C
increases from 1.6 mm?/s to 1.81 mm#/s. Similarly, there
is a change in the viscosity index with a change in the
catalyst dose. Thus, the viscosity index decreases from
271 to 256 with increasing catalyst dosage from 1 wt%
to 3 wit%.

The influence of time at the molar ratio methanol oil
6:1 and in the presence of 1% catalyst, and the influence
of the amount of catalyst at the molar ratio methanol oil
4.5:1 and after 4 h of synthesis on the content of water
and acids in biodiesel obtained from unrefined oil is
shown in Figure 6.
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Figure 6. Water content and acid number of biodiesel from
unrefined sunflower oil as a function of a) synthesis time and
b) catalyst concentration.

From Figure 6a, it can be observed that the water
content in the sample increases with the extension of the
synthesis time. Thus, after 30 min, it is 0.0689%, while
after 1.5 h it is 0.0919%. With further extension of time,
the diagram shows a slight decrease in the value of this
Response, but considering that the water content after 4
h is almost identical to that at 1.5 h, we can consider this
decrease to be a measurement error and can be ignored.
On the other hand, the values of the acid number are
almost identical in the entire range of time (0.0296 mg
KOH/g - 0.0313 mg KOH/g), and therefore it is
considered that time has no effect on the content of free
acids in biodiesel. By observing the absolute values of
the previous outputs and comparing them with the
standard, it can be concluded that they are within the
allowed limits (it is less than 0.5 mg KOH/qg) [49].

As for the influence of the catalyst dose on the
content of water and free acids in the sample, it can be
seen from Figure 6b that their values increase by
extending the synthesis time. Thus, with an increase in
the catalyst dose from 1 wt% to 3 wt%, in the case of
free acids, an increase from 0.0313 mg KOH/g to 0.0423
mg KOHY/g (increase of 35.1%), and in the case of water
content, this increase is even more pronounced (from
0.0558% to 0.1466%, i.e. by 162.72%). The maximum
allowed amount of water is 0.08% according to ASTM
D6751 [49], and according to the EN 14214 standard it
is 0.05% [50], which means that there is an excess in the
water content for all samples.

Table 5 shows the pour points, cloud points and
filterability of biodiesel obtained from unrefined
sunflower oil.
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Table 5. Values of pour point, cloud point and filterability of biodiesel from unrefined sunflower oil at different synthesis times and
catalyst concentrations.

Variables Value

Methanol-to-oil ratio [mol/mol] 6 4.5
Catalyst conc. [wt. %] 1 1 | 2 | 3
Time [h] 0.5 1 1.5 2 3 3.5 4 4

Pour point [°C] -3 -3 -3 -3 -3 -3 -3 -3 -3 -6
Cloud point [°C] 26 26 26 20 26 26 23 8 8 22
Filterability [°C] -7 -6 -5 -6 -4 -4 -3 -4 -4 -5

The pour point remains unchanged throughout the References

synthesis time, and is -3 °C for any given time. This is
in accordance with the ASTM standard, according to
which the permissible limits are (-15°C) — 6 °C. On the
other hand, the cloud point and filterability values
behave somewhat differently. In the first 1.5 h, the value
of the cloud point remains unchanged and is 26 °C. By
further extending the time, it is noticed that the cloud
point value decreases (e.g. after 2 h the value is 20 °C
and after 4 h the value is 23 °C). These values should be
taken with caution, considering that after 3 hand 3.5 h
the cloud point increased again, but it is certain that there
isatrend of the cloud point decreasing after 1.5 h despite
the measurement error. On the other hand, the existence
of an error is not observed in filterability. The value of
filterability is the lowest after 0.5 h and is -7 °C, while
with further extension of time it increases and reaches -
3 °C after 4 h of synthesis.

Varying catalyst concentration exerts no influence
on pour point until 3 wt%, where it drops to —6 °C. The
amount of catalyst has a great influence on the cloud
point. Thus, at 1 wt% catalyst, the cloud point is only 8
°C, while at 3 wt% catalyst, the cloud point is at 22 °C.
According to the American standard, the cloud point
limits are (-3 °C) — 12 °C; therefore, only biodiesel
synthesized at a molar ratio of 4.5:1 and a catalyst
amount of 1-2 wt% meets the legal norm for quality
according to the ASTM D6751 method. Regarding the
filterability, no change was observed, as with the
increase in the amount of catalyst from 1 wt% to 3 wt%,
the filterability changed from -4 °C to -5 °C.

4. Conclusions

In experiments, with a methanol-oil ratio of 6:1, 1 wt%
KOH and a reaction time of 0.5 to 4 h, biodiesel was
obtained from refined and unrefined sunflower oil that
in most parameters meets the requirements of ASTM
and EN standards. The yields obtained were high, and
the fuel properties — viscosity, acid number, and flash
point — were within acceptable limits for commercial
use. On the contrary, biodiesel from waste oil had
increased water content and unfavorable characteristics
at low temperatures, which indicates that a simple
pretreatment (drying or washing) is necessary before
transesterification itself. In further research, plan is to
test improved phase separation methods, investigate the
use of heterogeneous catalysts for reuse, and integrate
an oil drying system to make waste oil a more reliable
and economical source for biodiesel production.
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