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Abstract Biofuel production is acquiring an important
role as an energy alternative. Several research groups have
proposed the use of heterogeneous catalysts in order to
replace homogeneous catalysts. A new group of basic
catalysts has been prepared with the aim of being used as
heterogeneous catalysts in biodiesel production. The cata-
lysts KNO5/Al,O3 have been characterized and evaluated
in the transesterification processes. They were character-
ized by X-ray diffraction and Scanning electron micro-
graphs. The catalytic activity was evaluated in the
transesterification of sunflower oil in biodiesel. The ther-
mal stability of the biodiesel and the percentage of esters
were evaluated. Through the TG curves, the samples of 2
and 4 % of KNO5/Al,03 have presented two mass loss and
partial conversion of triglycerides in esters. Thus, the
sample that contains 4 % KNO5/Al,0O3 has shown better
catalytic activity in the transesterification reaction of sun-
flower oil, with a conversion rate of 60 % ethyl esters. On
the other hand, the samples of 6 and 8 % of KNO3/Al,O3
have revealed only mass loss.
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Introduction

As the fossil fuels are depleting day by day, there is a
necessity to find an alternative fuel to fulfill the world’s
energy demand. Biodiesel fuel has been receiving a recent
growing interest and has been strongly recommended as a
substitute for petroleum diesel [1].

Biodiesel is an alkyl ester fatty acid obtained through
transesterification of vegetable oils or animal fats using
short-chain alcohols (methanol or ethanol) catalyzed by an
acid or a base [2]. Compared with conventional diesel,
biodiesel has the advantages of being biodegradable,
renewable, non-toxic and has low pollutant emissions
(especially SO,). Brazil has been highlighted in the world
scene as a future potential biodiesel producer, due to its
diversity of oilseeds (soybeans, canola, sunflower, cotton,
palm, etc.) [3, 4].

Sunflower (Helianthus annuus L.) is an important oil-
seed that offers the highest potential yield of, approxi-
mately, 45-50 % oil (hulled seed mass basis). The
sunflower is between the five biggest oilseeds in world
production [5]. This could be attributed to some agronomic
features, such as, a greater tolerance to cold and heat when
compared to most oilseed crops grown in Brazil, besides
having a growing demand in the industrial and commercial
sunflower cultivation, which is forming an important eco-
nomic alternative. Among the vegetable oils, sunflower oil
is what gives one of the highest percentages of polyun-
saturated fatty acids [6].

Biodiesel may be produced by a transesterification
reaction in which vegetable oil or animal fat feedstocks
are reacted with an alcohol (methanol or ethanol) in the
presence of a catalyst. Actually, biodiesel is usually pre-
pared in the presence of homogeneous base or acid cat-
alysts. However, the removal of the homogeneous
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catalysts from the generated product is technically diffi-
cult and requires a large quantity of water, high produc-
tion cost due to the high presence of free fatty acids in the
raw material, could produce soap and may form soap and
in turn the generation of a large amount of effluent.
Hence, the required purification steps are costly and
technically difficult.

The use of heterogeneous catalysts in methanolysis
has been proposed by different research groups world-
wide; there is a tendency to replace the homogeneous
catalysts for heterogeneous [7, 8]. However, the majority
of the heterogeneous catalysts developed are quite
expensive. Heterogeneous base catalysts, able to catalyze
the transesterification of alkyl esters, could eliminate
several drawbacks of the homogeneous process: They
can be easily separated from the reaction mixture without
requiring the use of a solvent, they are easily regener-
ated, and have a less corrosive character, leading to
safer, selective and more environmentally friendly
operations.

The KNO;5/Al,O5 catalyst has high catalytic activity
related to the basicity of the catalyst [9]. It should be
noted that the type of base catalyst has a significant
effect on the conversion of biodiesel. In this case, the
catalysts were prepared by impregnation method of alu-
mina with an aqueous solution of 35 mass%. KNO3 by
Vyas et al. [10]. A moderate conversion (84 %) has been
achieved after calcining the catalyst for 4 h at 500 °C
and undergoing transesterification reaction with a meth-
anol to oil molar ratio of 12:1 and 6 % catalyst for 6 h
reaction time at 70 °C and 600 rpm agitation. Kinetic
studies of the experiments were carried out and activa-
tion energy (E) was determined to be 26.96 kcal, which
was low enough to make the reaction insensitive to
temperature. Attempts to reuse the catalyst after drying
and calcination gave reduced conversion of methyl esters
of 75 and 72 % in the second and third runs, respec-
tively. The catalyst owing to its moderate conversion
efficiency may not find application at industrial level of
production [10, 11].

According to Souza et al. [12] studies, thermogravime-
try has been applied in many areas of science by enabling a
rapid evaluation of transformations occurred when differ-
ent materials are subjected to temperature variations for
some time. Thermogravimetric analysis (TG) was used for
study of the volatilization and degradation of the samples
of sunflower biodiesel.

This paper aims to synthesize, characterize, and eval-
uate the thermal stability of biodiesel and the catalytic
activity in the transesterification reaction of sunflower oil
at different reaction conditions, depending on the con-
centrations of the catalyst KNO3/Al,O3 by thermogravi-
metric analysis.
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Materials and methods
Synthesis catalyst

The catalyst KNO3/Al,O; was synthesized by method
impregnation, according to Amish et al. [13], using an
aqueous solution of potassium nitrate 99 % (VETEC) and
alumina support ALCOA Inc. Initially, 30 mL of potas-
sium nitrate (35 %) was added onto 10 g of alumina by the
impregnation method and dried at 50 °C. The sample was
then transferred to a crucible and dried in an oven at
120 °C for 20 h. The sample was cooled at room temper-
ature in a desiccator for 24 h. The catalyst was calcined at
500 °C for 4 h in a heating rate of 10 °C min~"' and flow of
100 mL min~" of synthetic air. The synthesis was used of
the type amorphous alumina.

Characterization catalyst

The structural properties of the samples were analyzed by
X-ray diffraction (XRD) on SHIMADZU diffractometer
equipment, model XRD 6000, using CuKo radiation
(30 kV, 30 mA) with a 20 range of 10-70° in a scan speed
of 2 °C min~" and a step scan size of 0.02°.

Scanning electron micrographs (SEM) were obtained on
Phillips equipment; model XL30-ESEM to observe the
morphology of the particles.

Catalytic activity

The catalytic activity was evaluated by reaction transeste-
rification, using the molar ratio of 15:1 (ethanol/sunflower
oil). The reflux system reaction occurred using catalyst
(KNO3/Al,05) in concentration of 2,4, 6 ¢ 8 % w/w, for 8 h.

Then, the mixture was transferred to a separation funnel
for phase separation. Two phases were observed: the ethyl
ester and the glycerin. After 24 h, the glycerin was
removed. The remaining material was submitted to a
washing process in order to purify the esters. The washing
was followed by the evaporation step at 100 °C.

The samples of biodiesel were named of 2, 4, 6 and 8 %
KNO3/ALO3.

Physicochemical characterization of the biodiesel

The physicochemical characterization of the samples of oils
and biodiesel were performed according to the Standards of
American Society of Testing and Materials (ASTM), As-
sociagdo Brasileira de Normas Técnicas (ABNT) and the
Resolution N°7/2008 of the Brazilian National Agency of
Petroleum, Natural Gas, and Biofuels (ANP) [14].

The specific mass analyses were determined through an
automatic densimeter, based on ASTM D 4052 [15]. Acid
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Fig. 1 XRD pattern of calcined of the catalyst of the samples
a Al,O3; and b KNO3/AlL,O3; (%) KNO3; (x) K>O

values were, respectively, determined by Automatic
Potentiometric Titrator, AT-500 N-KEM, followed by
NBR 14448, EN 14111 [16, 17]. The kinematic viscosity
was determined according to NBR 10441. The analysis was
used to mark the ISL viscometer, model TVB445 [18].

Thermal study of biodiesel

The thermogravimetric (TG) experiments were carried out
using a Thermobalance SHIMADZU -DTG-60 model, in
the temperature range of 30-600 °C, under nitrogen
atmosphere flowing at a rate of 100 mL min~', using

alumina crucible of 70 pL and heating rates 10 °C min~".

Results and discussion

X-ray diffraction patterns of KNO3/Al,O5 sample calcined,
is given in Fig. 1. As can be seen, only diffraction peaks

(20 = 14°, 28°, 38°, 49° and 67°) assigned to the amor-
phous support structure of Al,O3 were registered on the
XRD patterns (Fig. 1a), which can be seen from the crys-
tallographic reference PDF-(16-0384), analyzed by the
JCPDS data (ICDD-2002) database of the X’Pert High-
Score program. Figure 1b shows the characteristic XRD
peaks of KNOj; appeared on the patterns the XRD KNO3/
Al,O3, implying that a residual phase of KNO; remained
on the composite. Based on the diffractogram XRD results,
the spontaneous dispersion capacity of KNO3 on the alu-
mina structure was observed. The undetectable XRD phase
of KNO; may have dispersed onto the surface of alumina
as a monolayer. For those loaded with potassium nitrate at
more than the spontaneous dispersion capacity on alumina,
the residual bulk phase of KNO; remained on the com-
posite. Accordingly, it is reasonable to imagine that only a
part of the loaded KNOscould be decomposed under the
activation conditions. Moreover, on the patterns of
35 mass% KNO3/Al,O; sample calcined at 500 °C, the
appearance of new diffraction of K,O species at 20 = 52°
and 55° emerged. Probably, the high basicity together with
the high activity of the catalyst may be partially due to this
K,O phase since a relationship was observed between the
K,O species and the basicity or the catalytic activity.
Studies indicate that the KNO5/Al,O3 catalyst has high
catalytic activity after of the calcination, which presents a
greater amount of basic sites, which serve as active sites for
the transesterification reaction of vegetables oil with
methanol or ethanol [9, 10].

The scanning electron micrograph (SEM) of KNO;/
Al,O3 sample is presented in Fig. 2. Evidently, as shown in
Fig. 2, a formation of agglomerates present in the amor-
phous structure can be observed, with particles of irregular
size from approximately 1-60 mm. After impregnation
with KNOs;, the structure showed a high dispersion on the
support surface, showing more homogeneity.

Evangelista [19] observed that the micrographs showed
crystalline Al,O3 present in a crystalline structure, with
particles of irregular size between about 1-10 mm. It also
presents a main hexagonal structure with secondary struc-
tures, and when the support is impregnated with a nitrate
salt, the crystalline Al,O5 has a higher packing, compared
to amorphous Al,O;, which gives additional free spaces
(vacancies) for impregnation.

Table 1 shows the physical-chemical characterization
of the samples of sunflower biodiesel. It may be observed
that due to conversion loss, all the sample of biodiesel is
not in accordance with the specifications of the existing
Resolution ANP N°14/2012.

It was observed that after the transesterification reaction
the kinematic viscosity and specific mass of the samples 2
and 4 % KNO5/Al,O; was decreased; however, this was
not observed in samples of 6 and 8 % KNO3/Al,05. This
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Fig. 2 Scanning electron micrographs (SEM) of the samples a and b Al,05; ¢ and d KNO5/Al,0O5

Table 1 Physical-chemical characterization of the samples of sun-
flower biodiesel

Samples Kinematic viscosity  Specific mass Acid value/
40 °C/mm? s~ 20 °C/Kgm ™ mgKOHg ™!

Sunflower  33.2 922.2 0.03

oil

BIO-2 % 11.0 905.5 223

BIO-4 % 8.3 895.7 0.12

BIO-6 %  33.1 921.9 0.08

BIO-8 %  31.8 918.1 0.09

Limits* 3.0-6.0 850.0-900.0 <0.50

* ANP Resolution N°14, 11.05.2012-DOU 18.05.2012

viscosity and specific mass reduction is related to the cat-
alytic conversion efficiency of triglycerides in ethyl esters.
Therefore, the best catalytic conversion was observed to
4 % KNO;3/Al,O5 with relation to the oil.

It was found that the biodiesel samples had values lower
than 0.5 % acidity, presented according to resolution ANP
N°14/2012, except to the sample 2 % KNO3/Al,03. The
high acidity can damage the fuel filter, reducing its dura-
bility, and corroding various parts of the fuel system.

The TG/DTG allowed the determination of the thermal
behavior of the ethyl biodiesel samples, as shown in
Figs. 3, 4.
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Fig. 3 TG of sunflower oil and sunflower biodiesel

The TG curve of the sunflower biodiesel showed dif-
ferent behaviors in the thermogravimetric profile, which
is related to activity of the catalyst in the transesterifi-
cation reaction. TG curves of the samples of BIO-2 %
KNO3/Al,O; and BIO-4 %KNO3/Al,0;3 showed two
mass loss attributed to the ethyl ester volatilization and
decomposition of unconverted triglycerides, in accor-
dance with the DTG curves of biodiesel (Figs. 3, 4). This
event approaching the profile shown in the thermal
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Fig. 4 DTG of sunflower oil and sunflower biodiesel

Table 2 Representative TG data of the samples in inert atmosphere

Samples Step AT/°C Tmax/°C  Am/% mg/%
BIO-2 %KNOy 1 188.0-320.2 269.5 416 -
AlLOs 2 320.2-488.6 412.6 466 117
BIO-4 %KNOy 1 177.3-309.3 278.6 600 -
ALOs 2 309.3-483.1 428.8 166 234
BIO-6 %KNOy/ 1 246.0-492.3 4162 750  25.0
ALO;

BIO-8 %KNOy/ 1 232.0-486.7 416.2 91.7 8.3
ALO;

decomposition of the vegetable oil indicates the presence
of non-reacted triglycerides [20]. The values of the ranges
of temperature and percentage of mass loss for each step
are shown in Table 2.

The TG curve of the cotton biodiesel, ethanol route, pre-
sented different behaviors in the thermogravimetric profile,
which is related to activity of the catalyst in the transesteri-
fication reaction. TG curves of the samples of BIO-2 %
KNO3/Al,O3 and BIO-4 %KNQO5/Al,O5; showed two mass
loss attributed to the ethyl esters volatilization and decom-
position of unconverted triglycerides, in accordance with the
DTG curves of biodiesel (Figs. 3,4). This event approaching
the profile shown in the thermal decomposition of the vegetal
oil indicates the presence of non-reacted triglycerides [20].
The values of the ranges of temperature and percentage of
mass loss for each step are shown in Table 2.

Quantitative analysis carried out by thermogravimetry
demonstrated that in the samples BIO-2 %KNO5/Al,03 and
BIO-4 %KNO3/Al,03, there was an increasing variation in
the rate of conversion of the conversion of triglycerides into
ethyl esters; however, it cannot be observed for BIO-
6 %KNO3/Al,03 and BIO-8 %KNO3/Al,0O3 samples.

It was found that the sample BIO-4 %KNO5/Al,O3
resulted in a better conversion rate of triglycerides into
ethyl esters (biodiesel) of approximately 60 %. This is
attributed to the low catalytic activity due to the presence
of few active basic sites and does not contribute signifi-
cantly in the transesterification reaction, according to the
results of XRD, since there was little contact between these
sites and the triglycerides molecules during the reaction.

The sample BIO-6 %KNO3/Al,05; and BIO-8 %KNO3/
Al,O5 did not present significant conversion. However,
increasing the amount of catalyst 6-8 % does not lead to
improved results. The uses of large quantities of catalyst
are disadvantageous because they may make the reaction
mixture more viscous and increased resistance to mass
transfer in multi-phase system.

Conclusions

Alumina loaded with potassium nitrate showed high cata-
Iytic activities for the transesterification reaction. The
activities of the catalysts can be correlated with their cor-
responding basic properties. Through thermogravimetric
curves, it was observed that it is possible to show, quali-
tatively, the thermal behavior of samples of biodiesel and
sunflower oil. The 4 % KNOs/Al,O; catalyst showed better
catalytic activity in the transesterification reaction of sun-
flower oil under the conditions adopted, having a conver-
sion of 60 % ethyl esters. Therefore, it is necessary to
optimize the reaction conditions toward increasing this
conversion of triglyceride to ethyl esters. Furthermore, it is
possible to monitor the influence of the concentration of the
catalyst in the transesterification reaction.
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