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Biodiesel is obtained from the alcoholysis of triglycerides and has been used as a renewable 
alternative to diesel. Though the methanolysis of triglycerides in the presence of MeONa catalyst 
has been widely used, searching for alternatives that may improve the competitiveness of the 
production chain is still a challenge. The aim of this work was to evaluate sodium glyceroxide 
as a catalyst in the methanolysis of soy oil. Sodium glyceroxide was obtained from glycerol 
and NaOH in ethanol, and characterized by thermogravimetric analysis (TGA), X-ray powder 
diffraction (XRD) and, Fourier transform infrared (FTIR) spectroscopy. The transesterification 
reaction was optimized after two sets of experiments based on the Doehlert matrix experimental 
design. In the first one, the influence of the molar ratio of methanol/triglyceride, and the amount 
of catalyst (m/m with respect to the triglyceride) were studied. In the second set, the temperature, 
and the reaction time were studied. The best conditions were found as 12:1 molar ratio, 2% of 
catalyst, 50 ºC, and 60 min. The conditions were applied in the transesterification of canola and 
sunflower oils, and tallow. All the biodiesels were obtained with an ester content superior to 98%, 
free from methanol and triglycerides. Specific mass, viscosity, and pour point were determined 
and met the international specifications. 
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Introduction

The first patent for biodiesel preparation and use as 
a fuel was claimed in 1937 by G. Chavane, a researcher 
from the University of Brussels.1-3 Petroleum, however, 
was the major fuel source throughout the 20th century, and 
still nowadays. Especially after the oil embargo in 1973, 
alternatives to petroleum derivatives have been sought, 
firstly, for political, security and economic interests, and 
more recently, for environmental concerns.3-5 In 2021, 
Indonesia was the world’s largest biodiesel producer with 
a production of 9.5 billion liters, followed by Brazil and 
the United States, which produced 6.9 and 6.2 billion liters, 

respectively.6

Biodiesel is a biofuel mainly used as a partial substitute 
for diesel in compression ignition engines. Compared to its 
non-renewable counterpart, biodiesel has several properties 

enhanced, as the higher cetane number, lubricity, and flash 
point.7-11 In addition, it is free from sulfur compounds, 
which are responsible for contributing to acid rain,7,10 
and its combustion is more complete, reducing carbon 
monoxide and particulate matter emissions. Furthermore, it 
has been attributed to biodiesel a lower contribution to the 
greenhouse effect since it is made from biomass.10 However, 
there are some disadvantages. The combustion temperature 
is higher, promoting the NOx emission, and the heat value is 
lower.10 In addition, the oxidation stability is lower,7-12 and 
the so-called cold flow properties are worse.7-11,13 

Biodiesel is comprised of a blend of fatty esters, which 
are obtained by triglycerides (TG) alcoholysis. Most 
commercial oils and fats of vegetable or animal origin can 
be used as a source of triglycerides,11 and palm, soy and 
canola have been the most utilized ones over the world.14 
Any short chain alcohol can be used, and methanol is, by 
far, the lead one due its lower price compared to others, 
such as ethanol. Long chain alcohols are not employed since 
they can modify biodiesel properties such as viscosity and 
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specific mass, among others, resulting in a fuel that would 
not be within specifications.15-17 

In order to reach high conversions of triglycerides into 
biodiesel within a suitable reaction time, a catalyst must 
be used. Homogeneous catalysts are more widely used 
since lower loadings are necessary and higher reaction 
rates can be observed.18 Alkaline catalysts, such as metal 
hydroxides and alkoxydes are often employed. Hydroxides, 
even though cheaper, produce water and soap, so the yield 
is lower and the biodiesel isolation and purification, more 
complex. In general, molar ratios of MeOH/triglycerides 
from 6 to 12:1, and 0.5 to 1.5% of catalyst (m/m with 
reference to the triglycerides) are required. If fatty acids are 
present in the feedstock, alkaline catalysis must be avoided, 
since it is consumed and soap is produced. In this case, 
acid catalysts such as H2SO4, H3PO3, and sulfonic acids 
have been used. In such cases, higher molar ratios, up to 
30:1, and catalyst amounts, from 1 to 4% are reported and 
the reaction times are usually longer.14,18 Homogeneous 
catalysts, although efficient, require biodiesel purification 
steps, with water consumption and waste production.18 
Alternatively, heterogeneous catalysts offer the possibility 
of recuperation and reuse. On the other hand, conversions 
are scarcely as high as those found in homogeneous 
catalysis. Metal oxides such as CaO, and hydrotalcites, are 
alkaline examples, while zeolites and heteropolyacids, acid 
ones.14,19,20 Sodium methoxide, a homogeneous catalyst, is 
probably the most used one over the world for biodiesel 
production, producing fatty esters with high yield and 
rate. On the other hand, it is generally sold as a solution in 
MeOH, which is expensive and hazardous.21,22 Glycerol is a 
polyol and, as any other alcohol, is a Bronsted acid and can 
form salts. In fact, metal glyceroxides have been described 
in literature22-31 as catalysts for the biodiesel production by 
triglycerides transesterification. Depending on the metal, 
glyceroxides salts can be soluble or not in the reaction 
mixture. Their properties are substantially dependent on the 
metal ion size, electronegativity, and coordination number. 
In some cases, the glycerol conjugated base can act as a 
mono, bi or tridentate ligand.29

Calcium diglyceroxide synthesis, characterization, and 
catalytic activity in the methanolysis of soy oil have been 
described by Kouzu et al.23 in 2010. Calcium diglyceroxide 
is a white solid obtained by refluxing glycerol and CaO in 
MeOH. More recently, Lisboa et al.29 have deepened the 
study presenting the syntheses and the analyses of mono, and 
di-glyceroxide, and their use, and reuse, as heterogeneous 
catalyst in soy oil transesterification. Calcium diglyceroxide 
has been also applied in the transesterification reaction 
of other feedstock such as castor,25 and sunflower26 oils. 
In 2015, Ferrero et al.31 reported some additional results 

applying Ca glyceroxide, and pointed out the fact that, 
as the catalyst is heterogeneous, the transesterification 
is a three-phase reaction, which causes mass transfer 
difficulties, and, for this reason, the reaction rate decrease. 
In addition, some catalyst loss was observed since some Ca 
soup is produced. Reinoso et al.27 have described the use of 
zinc glyceroxide as the catalyst in the synthesis of methyl 
soy biodiesel. The salt was prepared by reacting glycerol 
with zinc acetate under pressure at 160 ºC in the presence 
of water. Lithium, and potassium glyceroxides syntheses 
and characterization have been reported by Wang et al.,22 
and Pradhan  et  al.,32 respectively. Sodium glyceroxide, 
by its turn, has been reported by Bradley  et  al.,28 and 
Korchak et al.30 In all cases, the salts were prepared by the 
reaction of the metal hydroxide with glycerol in aqueous 
solution. The solid salts were isolated after water distillation 
under reduced pressure, that is energy and time consuming. 

In order to facilitate the solvent elimination in the 
synthesis of sodium glyceroxide, we decide to carry out 
the reaction in ethanol instead of water. Surprisingly, at 
room temperature, a white salt precipitated as soon as 
glycerol was added over NaOH ethanolic solution. The 
quick, simple, cheap, and easy procedure, to the best of 
our knowledge, has not been reported before.

Apart from the alcohol, the catalyst, and the triglyceride 
source, transesterification is also strongly affected by 
the reaction time and temperature.33 In order to ensure 
the highest yield and ester content in the product, those 
variables must be optimized. 

In this paper, we present not only the sodium glyceroxide 
preparation and characterization, but its use as an alkaline 
homogeneous catalyst in the methanolysis of soy oil as well. 
The transesterification reaction was optimized after two sets 
of experiments based on the Doehlert matrix. In the first 
one, the influence of the molar ratio (MR) of methanol and 
triglyceride, and the amount of catalyst (WCAT) were studied. 
In the second, time (t) and temperature (T) were studied. The 
optimum conditions were also applied to the synthesis of 
canola, sunflower, and tallow methyl biodiesels.

Experimental

The Doehlert matrix is a multivariate experimental 
design that enables the study of the effect of two or more 
variables over a target outcome. When applied to two 
variables x and y, the design combines five values of the 
former set as -1.000, 0.500, 0.000, 0.500 and 1.000, with 
three of the latter, -0.866, 0.000, and 0.866, so that a set 
of seven different experimental conditions is defined. The 
values -1.000 and -0.866 correspond to the lower limits 
assigned to the variables x and y, respectively. The values 
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1.000 and 0.866, by the other side, correspond to the upper 
ones. The in-between intervals must be uniform. The matrix 
can be seen as a regular hexagon, and the six vertices and the 
central point are the seven reaction conditions, Figure 1.34-37 
Widely employed in analytical chemistry,35-37 the Doehlert 
matrix has been seldom used in reactions optimization, let 
alone in the transesterification of triglycerides.38-40 

Sodium glyceroxide synthesis

40 g (1.0 mol) of NaOH (Dinâmica, São Paulo, Brazil) 
were dissolved in 950 mL of absolute EtOH (Êxodo, 
Sumaré, Brazil) at room temperature with magnetic stirrer. 
Once the solubilization was complete, a solution of 138 g 
(1.5 mol) of glycerol (Vetec, Duque de Caxias, Brazil) and 
50 mL of EtOH was poured over the alkali solution. After a 
few seconds, the precipitation of a white solid was observed. 
The mixture was stirred for 10 min more, and filtered under 
reduced pressure. The white solid was washed with cold 
absolute EtOH (3 × 15 mL) and dried in a desiccator under 
reduced pressure. The thermogravimetric analysis (TGA) 
was carried out in a PerkinElmer TGA-7 analyzer (Waltham, 
USA) in N2 atmosphere from 30 ºC (1 min) to 700 ºC at 
a heating rate of 10 ºC min-1. The same procedure was 
repeated under oxidant atmospheric conditions. The X-ray  
powder diffraction (XRD) measurements were carried 
out with a PHILIPS diffractometer X’PERT (Malvern, 
United Kingdom) with Cu Ka radiation operating with 
40 kV from 5 to 60o (2θ). The infrared (IR) attenuated total 
reflectance (ATR) spectrum was recorded on a Shimadzu 
spectrometer, model IRAffinity-1 (Kyoto, Japan) from 4000 
to 600 cm-1, 8 scans, and 0.5 cm-1 resolution.

Transesterification

Two sets of experiments designed by a Doehlert matrix 
were carried out. The weight of sodium glyceroxide (WCAT), 

the volumes of methanol (V), the temperatures (T), and the 
reaction times (t) are presented in Table 1. The first matrix is 
composed of entries 1 to 9, in which the MeOH/TG molar 
ratio (MR), and the relative catalyst/TG weight ratio (WR) 
are the x and y Doehlert’s parameters, respectively. The 
second matrix is composed of entries 10 to 18, where, on 
the other hand, temperature (T), and time (t) are the x and 
y Doehlert’s parameters, respectively. 

The generic procedure is described below. In a 
beaker, W  g of sodium glyceroxide were dissolved in 
V mL of MeOH (Êxodo, Sumaré, Brazil). Then, the 
solution was transferred into a 1 L glass reactor equipped 
with a mechanical stirrer and a reflux condenser in a 
thermostatically controlled water bath at T ºC, over 300 g 
of soy oil (Soya, Gaspar, Brazil). The reaction mixture 
was kept stirring (1000 rpm) for t min. After that, the 
mixture was transferred to a rotary evaporator to distillate 
the remaining MeOH. Then, the two-phase mixture was 
transferred to a separatory funnel, where the lower phase, 
glycerol, was discarded, and the upper layer, biodiesel, 
was washed with hot water (70 ºC, 3 × 100 mL). Finally, 
biodiesel was again transferred to a rotary evaporator under 
reduced pressure, in order to eliminate the volatiles.

Biodiesel characterization

The fatty ester contents were determined by gas 
chromatography (Shimadzu GC 2010, Kyoto, Japan).41,42 
Fatty esters profiles were estimated as described by 
Schaumlöffel et al.43 by 1H nuclear magnetic resonance (NMR) 
in triplicate. The methanol content was determined by 
1H NMR as described by Santos  et  al.44 by standard 
addition quantification method (limit of detection 0.02%). 
Triglycerides were tracked by the dd at d 4.30 (limit of 
detection 0.05%).45 Iodine46 and saponification47 values 
were determined by 1H nuclear magnetic resonance (NMR) 
in triplicate. Spectra were acquired in a Varian Mercury 
400 MHz spectrometer (Palo Alto, USA), and are presented 
in the Supplementary Information (SI) section. The samples 
were prepared by dissolving 30 mg of biodiesel in 0.5 mL of 
CDCl3 (D 99.8%, 0.1% tetramethylsilane (TMS), Cambridge, 
Andover, USA). Specific masses (ρ) were determined 
at 20  ºC with a hygrometer (0.7 to 1  g mL-1 (Incoterm, 
model 5598, Porto Alegre, Brazil) as described in the 
ASTM D1298-12 standard method (triplicate).48 Kinematic 
viscosities (ν) were determined at 40 ºC in a Cannon-Fenske 
75 tube (Laborglass, São Paulo, Brazil, k 0.0066105 m2 s-2) as 
described in the ASTM 445-06 standard method (triplicate).49 

Pour points (PP) were determined in a PP Meter (IBP, Porto 
Alegre, Brazil) as described in the ASTM D97-17 standard 
method (duplicate).50

Figure 1. Doehlert matrix design for two variables x and y.
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Results and Discussion

Sodium glyceroxide was obtained from glycerol and 
sodium hydroxide in ethanol, Scheme 1. Glycerol was used 
in excess (150 mol%) in order to avoid hydroxide as an 
impurity in the product. EtOH was used as the solvent since 
it dissolves the base and facilitates the homogenization of 
the reactants. The product precipitates as a plentiful white 
solid. 

Glycerol is about 40 times more acidic than EtOH, and 
its sodium salt is insoluble in this solvent.51 The reaction 
was first carried out in MeOH, but no precipitate was 
observed, which can be attributed to the higher polarity 
of the solvent. 

Sodium glyceroxide was characterized by TGA in N2 
and in air atmosphere from 30 to 700 ºC. The thermograms 
are presented in Figure 2. In both cases, three events 
are observed. The first one, at 120 ºC, with weight loss 
of about 28% can be attributed to ethanol in the crystal  
Na(C3H7O3).C2H6O. The second and the third ones at 260 

and 485 ºC, respectively, correspond to the Na(C3H7O3) 
decomposition to Na2CO3, leaving 33% of the initial weight. 
It is important to point out that 1 mol of sodium glyceroxide 
decomposes to 0.5 mol of sodium carbonate. Reyero et al.26 
and Kouzu et al.23 have reported the thermal decomposition 
of calcium diglyceroxide to calcium carbonate in two steps 

Table 1. Transesterification experimental conditions: relative catalyst/TG weight ratio (WR), catalyst weight (WCAT), MeOH/TG molar ratio (MR), MeOH 
volume (VMeOH), temperature (T), reaction time (t), experimental (EXP) and calculated (CALC) fatty esters content (CFE)

entry WR / % WCAT / g MR VMeOH / mL T / ºC t / min CFE EXP / % CFE CALC / %

1 2.0 6.0 12.0 170 65 60 98.3 ± 1.2 98.2

2 2.0 6.0 12.0 170 65 60 98.1 ± 3.2 98.2

3 2.0 6.0 12.0 170 65 60 98.2 ± 1.8 98.2

4 2.0 6.0 6.0 85 65 60 97.4 ± 3.4 97.6

5 2.5 7.5 9.0 127 65 60 97.1 ± 2.1 96.9

6 2.5 7.5 15.0 212 65 60 96.6 ± 0.0 96.8

7 2.0 6.0 18.0 255 65 60 96.1 ± 5.2 95.9

8 1.5 4.5 15.0 212 65 60 94.2 ± 1.8 94.4

9 1.5 4.5 9.0 127 65 60 96.0 ± 0.9 95.8

10 2.0 6.0 12.0 170 60 50 98.8 ± 0.3 98.5

11 2.0 6.0 12.0 170 60 50 97.8 ± 0.4 98.5

12 2.0 6.0 12.0 170 60 50 98.8 ± 1.7 98.5

13 2.0 6.0 12.0 170 30 50 93.6 ± 1.2 93.0

14 2.0 6.0 12.0 170 45 65 97.1 ± 0.9 97.9

15 2.0 6.0 12.0 170 75 65 98.9 ± 2.5 98.3

16 2.0 6.0 12.0 170 90 50 99.1 ± 1.7 99.7

17 2.0 6.0 12.0 170 75 35 94.4 ± 1.7 93.8

18 2.0 6.0 12.0 170 45 35 87.2 ± 3.2 87.8

Scheme 1. Sodium glyceroxide synthesis from glycerol and NaOH.

Figure 2. Sodium glyceroxide and glycerol thermograms.
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as well. The glycerol thermogram is also presented. A single 
event is observed because of its phase transition (boiling point 
290 ºC). Sodium glyceroxide was also obtained from raw 
glycerol produced in the soy oil transesterification, and, in this 
case, the same yield and identical thermogram were found. 

The Fourier transform infrared (FTIR) spectrum, 
Figure 3, shows a large band at 3300 cm-1 attributed to the 
OH stretching of glyceroxide and ethanol of crystallization. 
From 2950 to 2850, the bands of H-C (sp3) stretching 
are observed. Two intense bands at 1670 and 1470 cm-1 
can be assigned to OH bending, and, finally, at 1125 and 
1060 cm-1 to the C-O stretching. Similar attributions 
have been reported by León-Reina et al.,24 Reyero et al.,26 
Reinoso et al.,27 and Cheng et al.52 for calcium and zinc 
glyceroxides’ IR spectra.27 

The XRD, Figure 4, shows an intense signal at 2θ equal 
to 7o. Schatte et al.53,54 in two independent studies, have 
described sodium53 and potassium54 glyceroxide crystal 
structures from the XRD analyses. In both cases, the ligand 
and the metal are present in 1:1 ratio in the complex salt. 
The metal is surrounded by four different glyceroxides 
units, coordinated by the ionized oxygen of one, and by 
hydroxyl groups of the others. In the Na salt, authors 
have suggested a primary hydroxyl group ionized. In the 
K salt, by its turn, a secondary one. Similar results have 
been reported by Bradley et al.28 in the sodium glyceroxide 
characterization. In the present study, the thermogravimetric 
analysis pointed out ethanol in the solid beside the salt in 
the 1:1 ratio, and, so, the crystal structures presented before 
are not applicable. A crystallographic description from the 
XRD is outside the scope of this work.

The reaction variables were studied in two steps 
applying Doehlert experimental design. In the first matrix, 
MeOH/TG molar ratio (MR) and relative catalyst/TG weight 
ratio (WR) were optimized. In the second, temperature (T) 

and time (t) were the targets. MR was set in five levels from 
6 to 18:1, and WR, by its turn, in three levels from 1.5 to 
2.5% (m/m, catalyst with respect to the triglyceride). The 
reactions were carried out at 65 ºC for 60 min. The results, 
expressed as the fatty esters contents (CFE) are presented 
in Table 1 (entries 1-9), and were found from 94 to 98%. 
The data were analyzed in the spreadsheet developed by 
Teófilo and Ferreira.55 The experimental results provided 
the equation 1, which establishes the effect of the two 
variables on the CFE. In the equation, x and y are the 
Doehlert parameters for MR (-1.0, - 0.5, 0.0, + 0.5, + 1.0) 
and for WR (-0.87, 0.0, + 0.87), respectively.34 

CFE = 98.20 – 0.82x + 1.01y – 1.45x2 – 2.48y2 + 0.75xy (1)

The response surface is presented in Figure 5, which 
was created from equation 1. The global maximum was 
found with MR and WR equal to 12:1 and 2.0%, respectively. 
An increment in any variable, especially in MR, makes the 
CFE lower. It is worth noting that the alcohol addition dilutes 

Figure 3. FTIR-ATR of sodium glyceroxide.

Figure 4. XRD of sodium glyceroxide.

Figure 5. Response surface: calculated fatty esters content (CFE) versus 
MeOH/TG molar ratio (MR), 6 to 18:1, and relative catalyst/TG weight 
ratio (WR), 1.5 to 2.5%. 
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the catalyst. On the other hand, the catalyst conjugate base 
is glycerol, the transesterification reaction coproduct, which 
may interfere in the chemical equilibrium. 

The calculated fatty esters content values (CFE CALC) 
were plotted against the experimental ones (CFE EXP). A 
straight line with inclination of 0.9869 and a correlation 
coefficient of 0.9934 was obtained. The residues were 
found to be between -0.2 and 0.2%, not higher than the 
experimental error.

Once established the MR and WR, t and T were 
assessed. The first variable was set in five levels from 30 
to 90 min. The second one, by its turn, in three levels from 
35 to 65 ºC. The MR and WR were set as 12:1 and 2.0%, 
respectively. The results, expressed as the fatty esters 
contents (CFE), are presented in Table 1 (entries 10-18), 
and were found from 87 to 99%. The response surface is 
presented in Figure 6, which was created from equation 2. 
In the equation, x and y are the Doehlert parameters for 
T (-1.0, -0.5, 0.0, + 0.5, + 1.0) and for t (-0.87, 0.0, + 
0.87), respectively.34 

CFE = 98.5 + 3.33x + 4.16y – 2.15x2 – 4.75y2 + 3.12xy (2)

The surface shows clearly that the higher the 
temperature, or the time, the higher the CFE but it falls 
slightly when both variables are close to their maximum 

values. The temperature may affect methanol liquid-vapor 
equilibrium, especially at longer times when the alcohol 
was partially consumed. All the reaction conditions 
under the pink surface produce a biodiesel with ester 
content higher than 97.5% and, thus, meet the official 
specifications. Once more, the calculated CFE values were 
plotted against the experimental ones. A straight line 
with inclination of 0.9781 and a correlation coefficient 
of 0.9890 was obtained. The residues were found to be 
between -0.6 and 0.7%.

The reaction was carried out again at the optimum 
conditions: 12:1 molar ratio, 2.0% catalyst, 50 ºC, and 
60 min, Scheme 2. In addition, the methodology was also 
employed in the transesterification of tallow, and canola 
and sunflower oils. The biodiesel properties are presented 
in Table 2. 

The fatty ester contents were found to be 98% or higher, 
and contaminations such as methanol, and triglycerides 
were not detected. If the purification steps are efficient, 
methanol is not supposed to be present in the final 
biodiesel. If present, it reduces the viscosity, the specific 
mass, and the flash point. As any alkaline catalyst, sodium 
glyceroxide shall not be used in acidic medium. The oils 
and the lard were commercial, so the free fat acid contents 
were negligible. Although it is out of the scope of this 
paper, we have already used sodium glyceroxide in the 
transesterification of raw oils (peanut, butia, imperial palm), 
and fats (bovine, chicken, duck, sheep) with conversions 
higher than 98% as well.

The results allow us to affirm that sodium glyceroxide 
can be considered as effective as sodium methoxide, the 
most used catalyst in industry, that is, it can promote the 
conversion of triglycerides into biodiesel with low load, in 
mild conditions, in short time, with high yield, and high 
fatty esters content. In contrast, the first is obtained from 
cheaper chemical inputs, NaOH and glycerol, and is safer 
and easier to manipulate than the last one. It should be 
mentioned that glycerol is obtained as the coproduct in 
the biodiesel synthesis by the transesterification reaction, 
which can be used in the catalyst synthesis, as presented 
before. It is worth mentioning that NaOH, although cheap, 
produces water and soup, leading to lower conversions, and 

Scheme 2. Synthesis of methyl biodiesel from soy, canola, and sunflower oils, and from tallow catalyzed by sodium glyceroxide.

Figure 6. Response surface: calculated fatty esters content (CFE) versus 
time (t, 30 to 90 min), and temperature (T, 35 to 65 ºC).
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emulsions that make the biodiesel and glycerol separation 
difficult and time demanding.

NMR spectra data provide the fatty esters profiles as 
molar fraction of saturated, mono-, di-, and tri-unsaturated 
chains. As expected, soy and sunflower biodiesels were 
found to be composed mainly of di-unsaturated esters, 
while canola and tallow biodiesels, mono, and saturated 
ones, respectively. The results are in accordance with those 
reported in the literature.56 The spectra are presented in the 
SI section.

Among the properties presented in Table 2, some are 
part of the standard specifications in the USA, Europe, 
or Brazil. In those cases, the four biodiesels matched the 
specifications. The only exception is the iodine value of 
the soy biodiesel, 128 g I2 per 100 g, which, although 
considered a typical result, is not in accordance with 
the European standard, in which it must not exceed 
120 g I2 per 100 g. Specific mass, viscosity, pour point, 
iodine value, and the composition agree with the values 
reported in the literature.57 

The ν and ρ are quite similar for the biodiesels derived 
from the three oils. The biodiesel from tallow, however, 
is more viscous, but less dense, which is attributed to its 
higher content of saturated fatty esters (56%). For the same 
reason, it is expected to present the lowest iodine value (IV), 
42 g I2 per 100 g. Saponification values (SV) were found in 
the narrow range of 191 and 198 mg KOH per g. It is worth 
noting that the higher the average molar mass, the lower the 
SV, which was observed in the tallow biodiesel. The pour 
point is highly dependent on the biodiesel composition, 

and was found to be within the range of -6, canola, to 
+15 ºC, tallow, in the same crescent order as the saturated 
fatty esters contents. 

Conclusions

Sodium glyceroxide was easily obtained from glycerol 
and NaOH in ethanolic solution at room temperature, 
characterized by thermogravimetric analysis, FTIR and 
XRD, and employed as alkaline homogeneous catalyst 
in the methyl transesterification of soy oil. The reaction 
was optimized by a Doehlert design. Firstly, the effect 
of the molar ratio MeOH/TG and the catalyst amount 
were studied, and the optimum conditions were found as 
12:1 and 2%, respectively. After, the temperature and the 
reaction time were also optimized, and the best conditions 
established as 50 ºC and 60 min. The procedure was 
also applied to the biodiesel synthesis from canola oil, 
sunflower oil, and tallow. Fatty esters content, specific mass 
at 20 ºC, kinematic viscosities at 40 ºC, triglycerides and 
methanol contents matched the specifications in all cases. 
In addition, saponification, and iodine values, pour point, 
and composition were estimated and agree with the values 
reported in the literature.

Supplementary Information

Supplementary information is available free of charge 
at http://jbcs.sbq.org.br as PDF file. 

Table 2. Fatty esters (CFE), triglycerides (CTG), and methanol (CMeOH) contents, specific mass at 20 ºC (ρ), kinematic viscosity at 40 ºC (ν), pour point (PP), 
average molar mass (MM), iodine (IV) and saponification (SV) values, and composition (CX:Y)

Soy Canola Sunflower Tallow USA58 Europe59 Brazil60

Aspect clear clear clear clear clear

CFE / % 99 ± 1 99 ± 1 100 ± 1 98 ± 2 - 96.5 96.5

CTG / % nd nd nd nd - 0.20 0.20

CMeOH / % nd nd nd nd 0.20 0.20 0.20

ρ / (kg m-3) 880 ± 1 880 ± 1 881 ± 1 865 ± 1 - 860 - 900 850-900

ν / (mm2 s-1) 4.29 ± 0.08 4.20 ± 0.03 4.29 ± 0.04 4.77 ± 0.02 3.5 – 5.0 3.0-6.0

PP / ºC 0 -6 -3 15 - - -

MM / (g mol-1) 290 ± 2 291 ± 6 293 ± 3 284 ± 4 - - -

IV / (g I2 per 100 g) 128 ± 2 110 ± 1 128 ± 1 42 ± 3 - 120 report

SV / (mg KOH per g) 194 ± 2 193 ± 4 191 ± 2 198 ± 3 - - -

CX:0 / % 19 ± 5 11 ± 2 13 ± 5 56 ± 2

CX:1 / % 25 ± 3 57 ± 2 29 ± 4 42 ± 2

CX:2 / % 51 ± 2 25 ± 3 58 ± 1 2.4 ± 0.1

CX:3 / % 5 ± 1 6 ± 1 nd nd

Saturated (CX:0), mono-unsaturated (CX:1), di-unsaturated (CX:2) and tri-unsaturated (CX:3) fatty esters, not detected (nd).
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