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The first part of this study analyzed how the blending type of the components used in biodiesel synthesis
through transesterification influences yield and the physical properties of the biodiesel. The second part of
this study emphasized the way the added proportions of the synthesized biodiesel samples influenced the
final diesel-biodiesel blend. This study concluded that the ultrasonic mixing method could replace classical
mechanical mixing by being similar both in terms of yield and physical properties.
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Climate change has brought to light diesel fuels and
their negative influence on the environment, finding an
ecological solution being a necessity. Biodiesel fuel, also
known as FAME (Fatty Acid Methyl Esters), represents an
alternative to fossil diesel fuels. One of the most common
method used to synthesize biodiesel is base catalyst
transesterification, due to reduced costs [1-4]. The classical
method of transesterification involves mechanical
blending of animal or vegetable oil with methanol or
ethanol in the presence of a base, acid or enzyme catalyst
for a few hours at a temperature having values established
in the range 45°C-65°C. This temperature is usually obtained
by standard heating methods, using electrical resistances
or heated oil baths. The time necessary for heating can be
reduced by replacing classical heating with microwave
heating, and the time needed for mixing can be reduced
by replacing mechanical stirring with ultrasound blending.
These aspects are confirmed by numerous scientific articles
that mention not only the reduced time necessary for
blending, but also an increased yield of biodiesel from 50%
to almost 90%. Following studies by Subhedar P. et al. on
biodiesel synthesized from sunflower oil using ultrasounds,
they have been found to suppress the need for excess
methanol [5] and shortens the time required for the
reaction, increasing the yield, which is necessary when it
comes to enzymatic interesterification using a lipase
catalyst [6]. A similar study, on lipase catalyst and canola
oil as raw material, was carried out by Bhangu et al.
concluding that ultrasound has reduced the reaction time
from 22-24 hours to 1 hour [7]. Santin et al. also confirms,
in his studies, a 26% increase in yield when ultrasound is
used to obtain biodiesel from soybean oil and macauba
fruit oil with enzyme catalyst [8]. Sivaramakrishnan et al.
tested the effect of ultrasounds on three types of catalysts:
acids, basics and enzymes in the production of biodiesel
from microalgae. The authors concluded that ultrasounds
increase yield and shorten the duration of mixing, but
additional studies are needed on the economic side
involving this new blending method, in order to use them
at a large industrial scale [9]. Utilizing used cooking oil,
Refaat et al. achieved a 99% yield using ultrasound, having
a methanol/oil molar ratio of 6/1, using KOH as catalyst,
the reaction taking place at 65 °C. He also stated that the
time required for decanting had dropped from 8 h to 25
minutes [10]. The Masri et al. led studies aimed to test a
new catalyst, concluding that no matter the blending

method, the existing differences are inconsequential [11].
Martinez-Guerra et al. used ultrasound in combination with
microwaves to synthesize biodiesel from microalgae
biomass as raw material. This experiment aimed to
optimize the parameters required for the reaction,
achieving a yield of 48.2%. Using the classic heating and
mixing techniques, the reaction time would have been
much higher, which would negatively affect the yield [12].
In Joshi et al. study, ultrasounds had the role of enhancing
karanja oil esterification with an acid catalyst in order to
be used for the production of biodiesel. An increase of 10%
yield in the synthesis of biodiesel using ultrasound esterified
oil has been observed [13]. There are also multiple reviews
of biodiesel synthesized by ultrasound. These reviews have
analyzed the influence of factors such as: sonication
frequency and its power, the raw material used, the
catalysts used, molar ratios of oil/methanol or oil/ethanol
concerning the time required for mixing and yield. Following
reviews, similar conclusions were reached: ultrasound
improves yield and shortens mixing time required for
complete transesterification [14-16].

This paper aims at emphasizing the differences and
similarities between the two types of blending used at
synthesizing biodiesel by transesterification: mechanical
stirring and ultrasound blending, as well as the manner the
synthesized biodiesel samples influence the physical
properties of the final blend between diesel and biodiesel.

Experimental part
Three original samples of biodiesel were synthesized by

transesterification for this study: the first biodiesel type was
synthesized using mechanical stirring, the second biodiesel
type used ultrasound blending at 37 kHz frequency and the
third biodiesel type used ultrasound at 80 kHz frequency.
Both frequencies were set at 100W power. For the biodiesel
synthesized by mechanical stirring it was used a
discontinuous reactor that heated the samples using a
water bath, the mixing being carried out by a stirring
propeller. An ultrasonic bath, Elmasonic P30H, was used
for the biodiesel synthesized with ultrasounds, this one also
a discontinuous reactor, the sample heating being carried
out in a water bath, too. Rapeseed oil was selected as the
raw material for all three biodiesel samples, as Romania is
one of the biggest producers of this feed, to be used for
biodiesel [17].
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In order to compare the three types of biodiesel, the
same quantities and temperatures were maintained, as
well as the same type of oil, its provenience being the same,
that is parcel 86. The synthesis parameters for biodiesel
were:

-80 g of methanol+2 grams of KOH+200 g of rapeseed
oil, with the methanol :oil molar ratio of 3.7:1;

-mixing temperature: 50°C;
-mixing time: 2 h for mechanical stirring; 15 min for

ultrasound blending at 37 kHz frequency; 30 min for
ultrasound blending at 80 kHz frequency;

-separating biodiesel from glycerine will be carried out
by decantation at room temperature, for 24 h.

The time used for ultrasonic blending, in this study, was
different from the time found in scientific articles, in order
to ensure the complete accomplishment of transes-
terification reaction. Also, the blending duration was
selected to be the minimum time required to obtain a
biodiesel that fulfils the requirements of EN 14214.

In the second part of this paper it was studied the
influence of biodiesel samples on the physical properties
of the final diesel-biodiesel blend [18, 19]. To determine
the manner in which the three types of biodiesel influence
the physical properties of the final formulated blend
between diesel and biodiesel, 36 original fuel mixtures
were obtained. The fuel mixtures were obtained by mixing
hydrofining diesel with each type of biodiesel with the
following percentage concentrations (% volume): 1%, 3%, 6%,
9%, 12%, 15%, 18%, 20%, 30%, 50%, 70%, 80% [20]. The
new values, obtained as a result of characterizing
mentioned blends, will be presented in graphics, along with
the pure samples (diesel and biodiesel), to underline the
influences of biodiesel on the final blend.

Articles on the chosen properties for this study were
also published in literature: relative density at 20°C [21,
22], kinematic viscosity at 40°C [21-25], flash point, aniline
point [21], Diesel Index [25] and the HFRR lubricity
measured by the correct diameter of the wear scar [26-
29].

The values obtained for the pure samples are shown in
the table 1.

Results and discussions
Comparing types of biodiesel

As a result of analyzing the 3 different samples of
biodiesel, synthesized by 2 different mixing methods, the
following observations can be made:

-ultrasound blending is more dynamic than mechanical
stirring;

-blending at 37 kHz frequency is more powerful than
that of 80 kHz, which is more passive; that is why the
biodiesel synthesized at 80 kHz frequency needed more
time, in this case double than that synthesized at 37 kHz;

-due to the violent intermixture of ultrasound cavitation,
the separation of stages takes longer than 24 h, occasionally
taking even 48 h for a complete separation, at a room
temperature of 22 -25°C. This is a disadvantage compared
with mechanical blending where the settling finishes after
24 h. For the biodiesel blended trough ultrasound, the
settling time was influenced by the room temperature, the
settling taking place within 10 h at 15°C, but this was not
the case for the mechanically stirred biodiesel.

- from the point of view of practical yield, ultrasound
biodiesel at 37 kHz frequency was close to that of the
mechanically stirred biodiesel. The yield of the
mechanically stirred biodiesel was 51%, for ultrasound
synthesized biodiesel at 37 kHz frequency was 50%, and
for that synthesized at 80 kHz frequency was 40%. The
yield was calculated taking into account the total of
materials used for the synthesis of biodiesel, both oil and
methanol, according to formula (1):

                           (1)

where η represents the yield;
- as for the physical properties shown in table 1,

mechanically stirred synthesized biodiesel had better
results, compared with ultrasound synthesized biodiesel.

The influence of the three types of biodiesel on the final
diesel-biodiesel blend

Relative density at 20°C. Regarding density, shown in
figure 1, it can be seen the addition of biodiesel creates a
linear increase for density values.

Kinematic viscosity at 40°C. The viscosity of the 36
blends, illustrated in figure 2, also knows a linear increase
due to the added biodiesel. The biodiesel synthesized at 80
kHz frequency had occasionally lower values than those
anticipated.

Flash point. The biodiesel synthesized at 80 kHz
frequency influenced negatively and unexpectedly the flash
point, shown in figure 3, decreasing even under the flash
point of diesel, to 70°C. Even though the flash point analysis
had unexpected values, the linear increase is still present.

Aniline point, displayed in figure 4, knew a linear decrease
due to the added biodiesel. The lower the aniline point, the
lower the particulate emissions, which is a positive aspect.
According to the standard ASTM D 611, if the aniline-sample
mixture is miscible and clear at room temperature then

Table 1
PHYSICAL PROPERTIES OF THE SAMPLES
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Fig. 3. Variation of flash point

Fig. 2. Variation of kinematic viscosity at
40!

Fig. 1. Variation of relative density at
20°C

Fig. 4. Variation of aniline point
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the aniline point will be determined by cooling the mixture
with the help of the cr yostat, leading to negative
temperatures for blends having above 45% biodiesel.

Diesel Index, shown in figure 5, is an indicator of how
diesel behaves inside the engine. The higher the value of
the diesel index, the better the fuel behaves at self-ignition.
The diesel index was calculated using the formula (2):

        (2)

where DI is Diesel index;
D = relative density of the sample at 20°C, converted in

API degrees;
A= aniline point of the sample, converted in °F.
As it can be seen in figure 5 the addition of biodiesel led

to the decrease of the diesel index, due to the conversion
of relative density in API degrees and the low point of aniline.

HFRR Lubricity. For this test the number of test samples
was limited. Several samples meant to test lubricity were
selected, with the following biodiesel percentages
0%(hydrofining diesel), 6%, 12%, 20%, 30%, 50%, 70%,
100%(biodiesel). The blends between diesel and just two
types of biodiesel were used: mechanical stirring type and
ultrasound at 37 kHz frequency type. Lubricity is the specific
feature of this type of test, being represented by the
corrected diameter of the wear scar. The results are shown
in figure 6. Naturally, biodiesel improves lubricity, the
corrected diameter of the wear having a linear decrease
reported to the addition of biodiesel.

Conclusions
The purpose of this study was to compare the three

original samples of biodiesel: mechanically stirred
synthesized biodiesel and the two samples of biodiesel
blended by using ultrasound cavitation at the two
frequencies, 37 kHz and 80 kHz. In case of ultrasound

Fig. 5. Variation of Diesel index

Fig. 6. Variation of HFRR
lubricity

blending, the time necessary for synthesis decreased
dramatically, from 2 h for mechanical blending, to 15 min
for 37 kHz frequency and 30 min for 80 kHz frequency.
However ultrasounds do have a downside regarding the
time required for decanting, which increased from 24 h to
almost 48. Still, this small inconvenient can be removed
using a centrifugal to separate the stages. Regarding the
yield, the biodiesel synthesized trough mechanical stirring
had the biggest percentage: 51%. This is followed by the
biodiesel at 37 kHz frequency with 50% and biodiesel at 80
kHz with 40%. The biodiesel at 80 kHz frequency has got
the lowest yield because of the long time necessary for
blending, 30 min, which contributed to the losses during
mixing, which were maximized due to the energetic
ultrasound blending. Because blending at 80 kHz frequency
is more passive, synthesis of biodiesel in 15 min was not
possible, transesterification being incomplete.

Regarding the physical properties studied, the three
types of biodiesel have close characteristics, but the
mechanically stirred biodiesel has the best features. The
physical properties of the 2 biodiesel samples blended
trough ultrasound cavitation, are almost the same, as
shown in table 1, therefore it can be concluded that the
only differences when comparing biodiesel synthesized
by different ultrasound frequencies can be found in yield
and the time required to mix the components. The behavior
of biodiesel in the final blends had small variations,
depending on the type of biodiesel used, but the results
were close, too. The flash point was the only analysis where
the biodiesel synthesized at 80 kHz had a distortion,
decreasing the flash point, instead of increasing it. Still, the
linear increase that was normal for this kind of addition,
was met in the end.

All studied properties are correlated with the added
proportions of the biodiesel samples: density, viscosity, flash
point, causing a linear increase with the biodiesel
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percentage, while aniline point, diesel index and lubricity
caused a linear decrease reported to the increasing
biodiesel percentage.

As a result of the studies, it was found that the biodiesel
synthesized using ultrasound at 37 kHz frequency could
replace in the future the classically synthesized biodiesel,
having similar characteristics and saving time during the
blending process. For the moment the classical mechanical
stirring method is the best choice, due to low costs
regarding both equipment and maintenance.
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