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Abstract. In this work was investigated the catalytic potential of a new heterogeneous catalyst of
stoichiometry CagsKosTiCug 2503, with double perovskite structure, in the preparation of biodiesel
via ethylic route. The catalyst was synthesized by the Polyol Modified method and characterized by
X-ray diffraction, scanning electron microscopy, infrared spectroscopy and gas chromatography
coupled to mass spectrometry. The investigation of the catalytic activity was carried out from
transesterification reaction of commercial soybean oil with ethyl alcohol. Single-phase and
crystalline powders related to the CaTiO; phase were obtained with an average crystallite size at
around 17.25 nm. The new catalyst showed high efficiency for the production of biodiesel via
heterogeneous catalysis with a yield at around 97%, with reaction time of 8 hours at 78°C and 15%
of catalyst mass in relation to the soybean oil mass.

Introduction

Currently, a large number of studies have been performed on oxides of perovskite structures
in the search of new materials for technological, scientific and industrial applications [1,2]. These
oxides present versatile structures able of generating a large family of solids. The simple ABO;
perovskite structure can be described as a three-dimensional cubic network of corner-sharing BO6
octahedra, where the A-cation occupies the cavity between eight corner-sharing octahedral units.
However, when one or more cations are substituted in simple ABOj3 perovskites lead to a large class
of materials known as double perovskites, AA'BB'Os or A;BB'Og. These perovskites exhibit
properties similar to the simple perovskite as multiferroics, which show both ferromagnetic and
ferroelectric properties simultaneously. In addition, the A;BB'O¢ double perovskite have been
investigated because of their interesting magnetic properties, since strong ferromagnetism, large
ferroelectric polarization, giant magnetoresistance and half-metallicity, until magnetoelectricity
evidences, may have many applications in the emerging industry of spintronics [3,4]. While
A,BB'Og perovskites are investigated due their magnetic and magnetoresistance properties,
AA'BB'Og perovskites have been investigated by their catalytic and dielectric properties [5,6]. The
optimization of parameters to obtaining of biodiesel, from CaysKosTiCup,503 nanostructured
particles synthesized by polyol modified method, were carried out from the quantification of
residual glycerol based on reaction time, temperature and catalyst concentration.

Experimental

Synthesis

Cay 5K sTiCug 503 nanostructured powder was synthesized by a modified polyol method
[7,8]. Starting reagents for the synthesis via chemical route were nitric acid, HNO; (99,5% Reagen),
calcium carbonate, CaCO3 (99,0% Reagen), potassium carbonate, K,CO3 (99,0% Reagen), ethylene
glycol, HOCH,CH,OH (98,0% Synth), titanium oxide, TiO, (99,5% Reagen) and copper oxide
CuO; (99,0% Reagen). The reagents were dissolved in nitric acid with continuous stirring in a
beaker. Then 100 ml of ethylene glycol was added. The solution was heated at 90°C, promoting the
decomposition of NOs group, similar to the process developed in the Pechini method [9]. After the
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polyesterification reaction, a polymeric gel is obtained. This polymer is maintained in the beaker
being subjected to a primary calcination in a box-type furnace. The heating cycle was carried out
via a two-step calcination starting from room temperature. In the first step, the temperature was
increased with a heating rate of 10°C/min up to 150°C. At this point, the temperature was kept
constant during 30 min. In the second step, the temperature was increased to 300°C and kept
constant for 1 h. Then the furnace was cooled by nitrogen flux with a constant rate of 500 ml/min.
The process results in partial polymer decomposition to form a resin. This material was
deagglomerated (350 mesh) in an agate mortar and then called of a precursor powder.
Cay 5K sTiCug505 single-phase powders, with high crystallinity degree, was obtained with
calcination of precursor powder at 950°C during 3h under integral oxygen atmosphere with a flux
rate of 300 ml/min.

The transesterification reaction was performed using commercial refined soybean oil and
absolute ethanol. In a round bottom flask connected to a reflux condenser containing 30 ml of oil
was added percentages between 5 and 15 mol% of catalyst and 72 ml of ethanol. The reaction
mixture was kept under reflux and vigorous stirring for 8 hours at 78 °C. The biodiesel obtained
was characterized by gas chromatograph mass spectrometry (Shimadzu GC-MS QP2010 Plus).

Results and Discussion

Structural Characterization by X-ray Diffraction
Fig. 1 shows the diffraction pattern and the scanning electron microscopy image (inset) of the
Ca 5K sTiCug 2503 precursor powder calcined at 950 °C.
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Fig. 1: XRD diffraction pattern and SEM of the Cag 5K sTiCug 2503 precursor powder calcined at
950 °C for 3 h.

The CagsKosTiCug2503 nanostructured powder exhibited only a set of diffraction lines
ascribed to the cubic symmetry, which was identified from the JCPDS card number 22-0153. From
XRD diffraction pattern, the crystallite sizes (D) was derived by Scherrer’s equation using the Jade
8 Plus software [10]:

D kA
f.cosd

(1)

where £ is the broadening of the diffraction line measured at half of the maximum intensity, A is the
wavelength (Cu-Ka), 6 is the Bragg angle for a given diffraction, and k is a constant, which is in
general equal to 0.9 for powders. The crystallite size was equal to 17.25 nm. The SEM image shows
that the size of primary particles should be between 30 and 50 nm because coalescence actuation
secondary particles with sizes ranging from 100 nm were formed. The difference between the
crystallite size calculated using X-ray diffraction data and the particle size obtained by SEM was
due to the fact that the particles were composed of several crystalline domains, which were
observed by X-ray diffraction, while the whole particle was observed in SEM.
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Analysis of the Catalytic Potential

The catalytic tests with the CagsKosTiCug,503 nanopowder from ethylic transesterification
reaction of commercial soybean oil were carried out using 15% in mass of catalyst in ratio to the
soybean oil mass, with reaction time of 8 hours. Fig.2 shows the FR-IR spectra of the commercial
soybean oil, biodiesel and biodiesel obtained in the presence of Cag sKg sTiCug 505 catalyst.
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Fig. 2: FT-IR spectra of commercial soybean oil, pure biodiesel and biodiesel obtained in the
presence of Cag sKysTiCug 2505 catalyst.

From the infrared spectra shown in Fig. 2 can be observed a chemical similarity between
triglycerides from soybean oil and the reaction product, composed of ethyl esters. The spectra show
weak absorption bands in the region of 3730 cm™ attributed to the vibration of symmetrical
stretching of hydroxyl groups of the glycerol, indicating that a small fraction of this product would
be present in the biodiesel spectrum. Bands with medium intensities centered at 1748 cm™ and
1736 cm™ can be associated with the antisymmetric stretching of the functional grouping of esters
(Vas [CH2(C=0)OCHj3]) [11]. In addition, small displacement of these bands to lower wavenumber
was observed in the biodiesel spectra. This phenomenon is identified when there is a replacement of
the glycerol by ethyl radical, that is considered an indicative of biodiesel formation [12]. In
biodiesel spectra can be observed, besides bands present in the soybean oil spectra, the appearance
of a new band of medium intensity between 1038-1042 cm™. These absorption bands are attributed
to the antisymmetric stretching of coupled bond (V,; C-O-C) of esters of primary alcohols [13,14]
indicating that occurred the transesterification reaction of the soybean oil to biodiesel. Another
observation in the biodiesel spectra are the bands at 923 c¢m™ and 856 cm™ with low intensity
attributed to the symmetrical stretching of carbon-oxygen bond (Vs C-O-C ) of ethyl esters.

These bands were not observed in the triglycerides spectra of soybean oil, because they are
characteristic of ethyl esters [14].

Quantification of Glycerol Mass

For quantification of glycerol masses obtained and of fractions termed biodiesel was
investigated the transesterification reaction, ranging the catalyst mass in 5%, 10% and 15% in ratio
to the mass of the oil with reaction time of 8 hours. The data obtained are listed in Table 1.

Table 1: Mass of oil, of glycerol and of the fractions termed biodiesel, obtained from the
transesterification reaction, ranging the Cay 5Ky sTiCug 503 catalyst mass in 5%, 10% and 15% in
ratio to the mass of the oil.

catalyst % catalyst oil (g) glycerol (g) biodiesel (g)
Cay 5K 5T1Cug 2503 5% 27.30 1.98 26.60
Cay 5K 5T1Cug 2503 10% 27.05 237 26.50

Cag 5K sTiCug 503 15% 27.10 3.36 26.75
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From Table 1 can be observed that the CajsKosTiCup,s03 catalyst with 15% in mass
showed higher activity in transesterification reactions than lower percentages of catalyst. Thus, in
order to optimize the transesterification reaction, using 15 % in mass of catalyst, was investigated
the reaction time with removal of aliquots during the catalytic tests with times between 1, 2, 3, 4, 6,
8, 12 and 24 hours. The increase of reaction time showed major catalytic activity. This can be
observed with gradual increase in the amount mass of glycerol, with 8 hours of reaction. Above
this time there was not a significant increase in the amount of glycerol formed.

Analysis of the Biodiesel by Gas Chromatography
Fig. 3 shows the chromatogram of the ethyl biodiesel obtained with 15% in mass of
catalyst and reaction time of 8 hours.
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Fig. 3: Chromatogram of the biodiesel.

Fig. 3 shows the peaks related to the ethyl ester obtained from the transesterification
reaction of soybean oil with the CagsKsTiCuy,50; catalyst. Chromatographic analysis of these
esters led to the determining of three regions of higher specific elution. The first region of elution
with medium intensity can be observed from 27 minutes and represents the ester ethyl palmitate
(C16:0), lower molecular weight. The second region of high intensity (magnified inset), at around
40 minutes, corresponds to the elution region of three esters of molecular weight very close, and
identified as: ethyl linoleate (18: 2), ethyl oleate (18 :1) and ethyl stearate (18:0), respectively. The
last elution region of lower intensity, at around 47 minutes, represents the ester ethyl arachidate
(20:0), higher molecular mass. The analysis by gas chromatography showed  that the
transesterification reaction, in presence of the CagsKsTiCuy,50; catalyst, presented high yield.
The sum of the integration of peak areas showed a total of ethyl esters at around 97%. The retention
times of the monitored ions and the percentages (% m/m) of each one of the esters identified of the
biodiesel are shown in Table 2.

Table 2: Determination and quantification of total esters of biodiesel by gas chromatography in the
presence of CagsKysTiCug,505 catalyst.

Esters Retention Time (min) % m/m
Palmitate (C 16:0) 0.25 15.85
Linoleate (C 18:2) 0.27 42.86
Oleate (C 18:1) 0.22 31.27
Stearate (C 18:0) 0.10 4.85
Arachidate (C 20:0) 0.15 1.85

Total Esters - 96.68
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According to the Technical Regulations of the National Petroleum Agency ANP, 1/2008, the
content of B100 esters should be at least 96.5%. In this sense, the biodiesels obtained in this work
via ethylic route are in accordance with the requirements of current legislation [15].

Conclusions

Polyol Modified method was adequate for obtaining of crystalline nanopowders  with
stoichiometry Cag 5K sTiCug2503. The analysis by gas chromatography identified and quantified
the ethyl esters present in the biodiesel as: ethyl palmitate (C16: 0), ethyl linoleate (18: 2), ethyl
oleate (18:1), ethyl stearate (18: 0) and ethyl arachidate (20:0). Gas chromatograph mass
spectrometry analysis identified the molecular weight of the main esters present in the biodiesel.
From the integration of peaks area by chromatography was possible to calculate the yield of the
transesterification reaction. The yield of 96.68% was obtained with 15% in mass of catalyst with
reaction time of 8 hours at 78° C.
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