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Transesterification of waste frying oil under ultrasonic
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Abstract

This study investigates the effect of ultrasounds in conversion of waste frying oil into biodiesel.
Many researchers have studied the use of ultrasounds in the biodiesel production from different
feedstock; however, there are few studies focused on the biodiesel production from waste frying oil.
In this research, ultrasound-assisted transesterification was catried out to convert the waste frying oil
into biodiesel directly. The effect of different process parameters such as reaction time (30-90 min),
amount of catalyst (0.5 -1% wt. NaOH) and temperature (20-40 °C) were also analyzed to obtain the
higher conversion. A methanol to oil molar ratio of 6:1, 0.5% amount of catalyst and 30 °C was
enough to complete the process in 60 min. The obtained results in this study confirm that that
ultrasound-assisted transesterification was a fast and efficient method for biodiesel production from
waste frying oil even if reaction temperature is low.
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1. Introduction

The use of waste frying oil for biodiesel production has gained interest in the last years.
This is mainly due to the fact that it is a household waste that is usually poured dawn the drain
causing environmental hazards or it is collected to be properly treated and disposed. It is
estimated that among 1.85 and 2.65 millions are collected in Europe by day (Gude and Grant,
2013). For that reason, different researches have tried to use this waste for different purposes,
such as soap production (Wijana ez a/., 2005), thermal cracking (Zaher, 2003) and more recently to
obtain alternative fuel, biodiesel (Felizardo ef al., 2000).
Biodiesel is obtained by transesterification of vegetable oils and animal fats with an alcohol in
presence of a catalyst (Fukuda ez a/, 2001). The transesterification reaction takes place between a
lipid and an alcohol to produce an ester and a by-product, glycerol, also known as glycerine. This
reaction occurs stepwise, with mono and diglycerides as intermediate products. The obtained fuel
performs in a similar way to petroleum-derived fuel and presents some advantages, such as: (i) it
reduces greenhouse emissions because it is a renewable resource (Dorado et al., 2003; Ulusoy ez
al., 2004); (ii) it is biodegradable; (iii) its combustion products have reduced levels of particulates,
carbon monoxide and nitrogen oxides (Mittelbach and Tritthart, 1988; Schafer, 1998).
Biodiesel can be obtained from a variety of different raw materials and many researches have
analysed the better conditions to obtain this biofuel (Refaat ef 4/, 2008; Phan and Phan, 2008;
Maceiras ez al., 2009). However, one of the most critical aspects remains the raw material costs
and its limited availability. The problem that presents the majority of raw materials for biodiesel
production is the use of land for production of oil for biodiesel feedstock competes with the use
of land for food production. With the consequent increase of the price of edible plant and
vegetable oils. Then, the use of waste cooking oil as biodiesel feedstock could be a good
alternative to the industry.
Recently, the application of ultrasonic irradiation has been used to improve the transesterification
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process (Yu et al., 2010; Thanh, e al., 2010) since it reduces the reaction time and improve the
mass transfer between the immiscible liquid phases (Ehimen e 4/, 2012). It has been reported
(Stavarache ef al, 2005) that the oil-methanol phase is distupted due to the collapse of
ultrasonically induced cavitation bubbles, in turn leading to an accelerated alkyl ester formation.
In this study, the basic transesterification of waste frying oil was carried out under ultrasonic
irradiation. Process parameters such as catalyst amount, reaction time and temperature were
studied with the aim to obtain the better conditions.

2. Materials and methods
2.1 Materials

Waste frying oil used in this paper was obtained from a local restaurant (Pontevedra,
Spain). Waste frying oil was filtered under vacuum and dried, prior to use. Methanol was used as
transesterification agent, and NaOH as alkaline catalyst. All the reagents used during synthesis and
characterization procedures were obtained commercially and are of analytical grade.

2.2 Ultrasonic irradiation unit

Ultrasound bath (Model S 300H from Elmasonic with power rating of 300W and
frequency of irradiation of 37 kHz) was used as the source of ultrasonic irradiation to carry out
the transesterification reaction. The equipment allows to set the temperature of the bath between
30 and 80°C.

2.3 Experimental procedure

The scheme of the experimental procedure is shown in figure 1. The transesterification
reaction was carried out in a 500 mL spherical batch reactor, provided with a thermometer, within
a ultrasound bath. The volume of the oil was fixed at 300 mL for all experiments and the
methanol to oil molar ratio was 6:1 in all cases. Different amounts of sodium hydroxide (0.5 and
1% wt/wt) wete dissolved in the methanol and the solution was added to the reactor when the
initial temperature of the oil was reached. Initial temperature was varied from 20 to 40 °C by
increments of 10 °C. The reaction was cartied out at different reaction times (30, 60 and 90 min).
After the ultrasound-assisted transesterification, the reaction mixture was settled to separate the
biodiesel to the glycerol. The resultant product was washed twice to ensure the complete removal
of unreacted methanol and byproducts. Finally, the fatty acid methyl esters and acidity value of
obtained biodiesel was analysed.
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Figure 1. Scheme of the experimental process.
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2.4 Gas chromatography

Fatty acid methyl esters was quantified using a gas chromatograph Trace GC-Ultra
connected to an ZB-WAX capillary column (Length-60m, Diameter-0.25mm, Film thickness-
0.25um), from Agilent Technologies with helium as catrier gas, at constant flow of 1 mL/min.
The temperature program of each run was started at 50 °C for 2 min and raised to 240 °C at a rate
of 10 °C/min and maintained for 30 min. The injector was set up for 250 °C and the FID
detector at 240 °C.
The analysis was carried out by diluting the biodiesel (diluted to 1 uL. by adding 1000 pL of
methanol), and 1 pL of this solution was injected through the column. Methyl heptadecanoate
was used as an internal standard.

2.5 Acidity value

The acidity value was determined according to UNE EN 14104 (2003) to quantify the
amount of acid present in the biodiesel. It is measured as the quantity of base necessaty to
neutralize the acidic components in the sample. For this determination, a sample of 8 g was
collected in an Erlenmeyer flask. A mixture of diethyl-ether and ethanol (1:1) and 0.15 mL of
indicator (Phenolphthalein) were added to the sample. Then, that sample was titrated against a
solution of KOH 0.1 M. Finally, the acidity value was calculated using eq. (1).

AV (mgKOH )= Vion * Myon - PMyo 0
sample gsample
where Vion is the volumen of KOH used in the titration expressed in ml, Mkon is the molar
concentration of the KOH solutions in mol/L, PMkon is the molecular weight of the KOH and
Zample 1S the amount of sample used in the titration.
The acidity value allow to determine the reaction conversion as follows:
AV, - AV, o
AV,

where AVj is the acidity value of waste frying oil and AV; is the acidity value of obtained
biodiesel.

Conversion (%) =

3. Results and discussions
3.1 Effect of catalyst amount

The amount of catalyst is a critical factor to be determined in the transesterification
reaction. Two different amounts of sodium hydroxide (0.5 and 1 % wt.) were tested. The
reaction conditions were 60 min and 30 °C. Figure 2 shows the effect of amount of sodium
hydroxide on reaction conversion. It is observed that amount of 0.5% wt. was enough to carry
out the reaction, with a conversion of 69%. It has been reported that an excess of catalyst leads to
saponification resulting in lower biodiesel yield and quality (Gude and Grant, 2013).
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Figure 2. Effect of catalyst on trasesterification.
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3.2 Effect of reaction time

Reaction time is one of the most important parameters to be optimized since the reaction
completion depends on it. Thus, three reactions times were analysed from 30 to 90 min at 30 min
increments up. The reaction conditions of three experiences were: 0.5% wt. of NaOH and 30 °C.
Figure 3 shows the influence on reaction time on reaction conversion. A reaction time of 60 min
presents the better results.
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Figure 3. Effect of reaction time on transesterification.

Figure 4 shows the GC chromatogram for the test with 60 min of reaction time and the relative
amount of each long chain fatty acid methyl esters for the three test is collected in table 1. These
results confirm near complete transesterification of triglycerides into biodiesel.
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Figure 4. GC chromatogram.
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Table 1. Fatty acid methyl esters composition.

405

Methyl ester Te§t 30 Te§t 60 Tgst 90
% in sample % in sample % in sample

Caprylic acid, ME. 0.1 0.1 0.1
Tetradecanoic acid, ME. 0.1 0.1 0.1
Palmitic acid, ME. 8.2 8.2 8.3
Stearic acid, ME. 3.8 3.9 4.1
Oleic acid, ME. 32.5 32.7 32.5
Linoleic acid, ME. 54.2 54.0 53.8
Eicosanoic acid, ME. 0.3 0.3 0.2

cis 11-eicosanoic acid, ME. 0.2 0.2 0.2
Behenic acid, ME. 0.7 0.6 0.7

3.3 Effect of reaction temperature

To investigate the influence on reaction initial reaction temperature, three experiences
were carried out at 20, 30 and 40 °C All the tests were done under the same conditions: 0.5 %owt.
of sodium hydroxide and 60 min of reaction time. Figure 5 shows the obtained conversion in
each test. Higher conversions were obtained in three cases, although it was observed that the
conversion decreases when the temperature is higher than 30 °C. Some researches have observed
that higher reaction temperatures result in overall decrease in the ultrasound based chemical
reaction effect (Ji ef al., 20006). The increased of reaction temperature also decreased of viscosity of
waste frying oil, increased of cavitation events and the rate of emulsion formation, thus
consequently increased the biodiesel formation. However, when the experience was done at
ambient temperature (20 °C) the conversion was lower than 30 °C. This finding can be due to the
lower temperature causes a higher viscosity, which difficult the formation of cavitation bubbles,
resulting a reduction on ultrasound efficiency.
One advantage of the ultrasound-assisted transesterification is that the reaction can be effective
even at low reaction temperatures, avoiding the methanol evaporation. Then, the optimum
temperature of this research was 30 °C, this value had also been reported by (Yu 7 al, 2000).
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Figure 5. Efffect of reaction temperature on transesterification.

4. Conclusions

This research investigated the use of ultrasound irradiation on transesterification of
waste frying oil and the variables of the process. These variables include the influence of catalyst
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amount, reaction time and reaction temperature. The obtained results show that the
transesterification reaction can be completed in 60 min and 30 °C with 0.5 % wt. of sodium
hydroxide and methanol to oil molar ratio 6:1. Then, ultrasonic-assisted transesterification of the
waste frying oil seems a good alternative for the production of biodiesel, since high methyl ester
yield and fast reaction rate can be obtained even if reaction temperature is relatively low.
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