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Abstract This research reports the use of cooking oil
waste and moringa biodiesel and their blends into mineral
diesel and the influence of the storage conditions. The
behavior of the blend between moringa and cooking oil
waste and biodiesel were evaluated through thermogravi-
metric analysis and the data were used in the determination
of the kinetic parameters of the blends as activation energy
and pre-exponential factor and the values found were
similar to reported in literature for others samples of bio-
diesel. The quality of the blend between biodiesel and
diesel and the influence of storage conditions were evalu-
ated through the determination of the acid value of the
samples. The acid value for the samples that contained
mineral diesel was virtually constant. The acid values of
the samples of biodiesel were not in accordance with
Brazilian legislation, but did not affect the quality of the
blend with mineral diesel. The average values of activation
energy for waste cooking oil and moringa biodiesel were
70.04 £ 2.99 and 53.80 + 6.83 kJ mol ', respectively.
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Introduction

The using of the biodiesel as energetic source shows itself
as alternative instead of the utilization of non-renewable
fossil fuels as the petroleum, natural gas and coal. Besides
the maintenance of the carbon cycle, the utilization of the
biodiesel allows reduction of the emission of pollutant
substances which cause acid rain or damage to the ozone
layer, proving benefic effect in the environment.

The biodiesel can be used purely (B100) or blended with
the mineral diesel in motors of diesel cycle. The proportion
blended with diesel is expressed by a nomenclature
accepted worldwide: the BX, where X is percentage of
diesel added to the mineral diesel. For example, B2, BS,
B20 and B50 represent concentration of 2, 5, 20 and 50%
of biodiesel in the diesel [1]. In the B5, the biodiesel is
considered an additive of the diesel and in B2 the biodiesel
is an additive of lubricity of the diesel. An example of
advantage of the use of the biodiesel is the possibility of the
blend in several proportions. After the blend, the biofuel
formed keeps the standards of quality required for the fuels
and can be used in motor diesel without the necessity of
modifications in the engines. Nowadays, the biodiesel in
Brazil is added to the diesel with 7% proportion [2].

Example of oleaginous, the moringa (Moringaoleifera)
belongs to Moringaceae family and can be found in the
northeast of India, Africa, Arabia, Asia, Pacific and Car-
ibbean Islands and South America [3, 4]. The moringa oil
extraction in large scale is difficult and its use in industrial
scale is not known, but a study using pilot plant of extraction
of moringa oil with carbon dioxide as supercritical fluid is
reported in literature [5] and this resource shows itself as
alternative to the difficulty of obtaining moringa oil. There
were no significant differences between the oil extracted by
supercritical fluid and other conventional methods [5].
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Researchers also report the optimization of the transesteri-
fication conditions of the moringa oil and the behavior of the
biodieselblended with diesel in engines [6, 7]. Since moringa
oil is non-edible and quite stable, the production of biodiesel
using can be favored and this fact can be verified by the
presence in the literature of several papers relating its
behavior in diesel engines [7—10].

Other option for the production of biodiesel is the use of
cooking oil waste due to its low cost and as solution for
problem of disposal and potential contamination of the
environment by these residues [11]. Studies report the action
of the biodiesel prepared from cooking oil waste, and the
emission of carbon dioxide [12] and its behavior observed in
the engines were similar to that of the biodiesel obtained
from other oleaginous resources. Pre-treatments are neces-
sary to remove solid waste and water from the cooking oil
waste. The literature reports techniques as acid transesteri-
fication, neutralization by alkali and posteriorly removed by
decantation, extraction of the free fatty acid using polar
liquids and distillation of the free fatty acid are for the
reduction of the free fatty acid concentration [13]. Thus, the
production of the biodiesel of cooking oil waste represents a
sustainable and environmentally correct process, once the
utilization of the cooking oil waste provides an efficient
destiny instead of the expose of this oil in the nature.

Using biodiesel of distinct raw material, the objective of
this present research was to evaluate the behavior of the
blends between biodiesel and mineral diesel. Parameters as
storage conditions were analyzed and the influence of the
quality of the biodiesel on the blend was followed using
thermogravimetric methods and acid number value. The
methods proposed by Coats—Redfern [14] and Madhusu-
danan [15] were utilized for the study. These methods offer
integral resolution of the equation of the Arrhenius temper-
ature and without supposition of the model kinetic—model-
free methods. The use of thermogravimetric data in the
determination of the kinetic parameters is largely used in the
determination of the biofuel quality [16—19] and represents
an advance in the study of biofuels: characteristics of com-
bustion can be evaluated using motor prototypes and through
this method a large quantity of fuel need to be burned. The
determination of the kinetic parameters using thermogravi-
metric data shows low cost when compared to prototypes
used for the same objective and provides the same infor-
mation using a small quantity of sample in the analysis.

Materials and methods
Materials

Cooking oil waste was collected from the student restau-
rant of the Federal Institute of Paraiba—Campus Sousa,
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located in the Sousa city, Paraiba, Brazil. Heating and fil-
tration were used as pre-treatment. The moringa fruits were
collected at the Federal University of Campina Grande—
Campus Cajazeiras, located in the Cajazeiras city, Paraiba,
Brazil. The fruits were processed (extraction of the peanut),
dried in oven at 50 °C for 24 h and grinded. The moringa
oil extraction was conducted using Soxhlet system (Fig. 1)
containing a glass balloon, condenser, heating mantle and
extractor Soxhlet, solvent temperature around 67 °C, n-
hexane as solvent and 6 h of time extraction. At the end of
this time, the n-hexane was removed using reduced pres-
sure and the oil was collected. Other additional resources
were potassium hydroxide powder (85%) by Synth, anhy-
drous sodium sulfate by Vetec and ethyl alcohol (P.A.) by
Synth.

Fig. 1 Sohxlet extraction of the moringa oil (Author archive)
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Synthesis of the ethyl derivative of moringa (BEM)
and cooking oil waste (BEF)

The obtaining of the ethyl biodiesel of cooking oil waste
(BEF) and biodiesel of moringa (BEM) was conducted
through reaction of transesterification using homogeneous
alkaline catalysis. Potassium ethoxide was prepared mixing
30 g of ethanol and potassium hydroxide (two conditions
were used: 1 and 1.5 g of potassium hydroxide) in bottom
round glass flask. The mixture was kept under stirring until
the dissolution of the potassium hydroxide in the ethyl
alcohol and formation of the potassium ethoxide. Then, the
solution was added to 100 g of the oil and the reaction
system was kept under stirring and room temperature for
1 h. The molar ratio obtained corresponds to 1:6 oil:
alcohol. At the end of the time reaction, the biodiesel was
separated from the glycerin in separation funnel and the
biodiesel was washed until neutralization of the water and
dried with anhydrous sulfate. After, the biodiesel was kept
on oven at 110 °C to remove residual water.

Preparation of the blends

The blends (BFMx) of ethyl biodiesel of cooking oil waste
(BEF) and ethyl biodiesel of moringa (BEM) were pre-
pared by addition of 10 and 20% (v/v) of BEM to BEF and
named BFM10 and BFM20, respectively. The blends were
prepared by addition of 10 and 20 ml of BEF in distinct
volumetric flasks of 100 mL and the volume was com-
pleted with BEM. Then the blend was kept under stirring
for homogenization for 5 min.

The process was similar to the blends (DBFMx) pre-
pared by the addition of 7% of BFMx blends to the mineral
diesel. 7 mL of BEFM10 and BFM20 was added to distinct
volumetric flasks of 100 mL and the volume was com-
pleted with mineral diesel. The blends were homogenized
by stirring them for 5 min. The blends were named
DBFM10(7) and DBFM20(7), respectively. It was used
appropriate glassworks in the preparation of the volumetric
proportions (volumetric flask, pipette and graduate beaker).

Thermal and Kinetic analysis of the biodiesels
and the blends

The samples were submitted to thermogravimetric analysis
in equipment model Q50 V20 of the TA Instruments®,
constant flow of synthetic air and constant heating rate until
600 °C of maximum temperature. Three heating rates were
applied to this experiment (10, 20 and 30 °C min™"). The
technique consists in gradual and constant heating of the
sample and determines the mass degradation during the
process of heating. The values of mass degradation versus
heating temperature were obtained and used in the

determination of the kinetic parameters. For the research,
two methods were used: Coats—Redfern [14] and Mad-
husudanan [15]. These methods find several applications in
the analysis of biofuel as well [16, 22-26].

For a non-isothermal process, the mass variation in
presence of a programed temperature variation is utilized
for the kinetic calculus as observed in Eq. (1):
do
T =Ky (3), (1)
where « is correlated to a mass conversion of the reaction
and k(7) is the reaction velocity. The reaction velocity
k(T) can be substituted by equation Arrhenius (Eq. 2) and
the heating rate (Eq. 3) allows the redefinition of the
Eq. (1) like temperature function and not time function:

k(T) = Ae, (2)
dr
o= F (3)

By the combination of Egs. (1) and (2) and subsequent
integration, Eq. (4) is obtained, where g() is a function
that models the reaction mechanism:

_ [dl) _A [

The mathematical treatment for the resolution of the
integral exponential constitutes different methods for the
kinetic parameters determination. This integral is known as
Arrhenius integral temperature p(x). The theory was
developed for solid degradation and several authors apply
it to liquid fuel combustion [13-16]. In this case, the
parameters were called apparent.

Storage tests

The storage tests were conducted in oven and room tem-
peratures. For the tests in oven, the samples were stored in
oven at 60 £ 2 °C for 8 days. The samples were monitored
through determination of the acid number [20]. For the test
in room temperature, the samples were stored in translucent
glass containers under two different conditions: exposed
and no exposed to the visible light at room temperature for
30 days. The samples also were monitored through deter-
mination of the acid number [20] each 15 days.

Results and discussion

The yield of the extraction of the moringa oil was 33.8%.
This yield was satisfactory when compared to other
oleaginous that are major sources for the production of
biodiesel in Brazil, as the soy and cotton with oil yield
around 18-20% [21].
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Table 1 Conversion of the BEF and BEM

1.0% of catalyst 1.5% of catalyst

Conversion of 63.44 + 1.4 8220 £ 1.1
BEF (%)

Conversion of Saponification has occurred 79.30 £ 0.6
BEM (%)

The yield of the transesterification reaction was
improved with the increase of the quantity of catalyst.
Using 1% of catalyst, in the transesterification reaction of
the moringa oil occurred saponification and the yield of the
reaction was prejudiced. With the increase of the catalyst
for 1.5%, the yield of the transesterification reaction of the
moringa oil was 79.30 £ 0.6%. For the cooking oil waste,
the yield increased around 30% with the increase of the
catalyst concentration. The values of yield were compiled
on Table 1.

Figue 2 corresponds to the thermogravimetric curves
(TG) of the samples in oxidative atmosphere. The TG
showed decomposition in one-step correlated to the com-

event for the samples was higher than 100 °C and the
hypothesis of an eventual presence of water was excluded.
The behavior of the TG curves was similar to others
reported in literature for biodiesel with same quality
[16, 18, 19, 22].

The initial temperature of degradation (Tonset) of BEM
is around 100 °C higher than BEF, demonstrating the
excellent thermal stability of moringa biodiesel. On the
other hand, the thermal behavior of the cooking oil waste
biodiesel can be explained by the thermal stress that the oil
was submitted before the use as raw material for the bio-
diesel production. The thermal behavior of the samples was
not affected by the increase of the heating rate. The addi-
tion of moringa biodiesel to the cooking oil waste biodiesel
did not affect significantly the thermogravimetric behavior
for the proportions evaluated in this research. The intervals
of temperature and peak temperature for the only thermal
event observed in TG curves were compiled on the
Table 2.

The kinetic analysis was made using the methods
proposed by Coats—Redfern and Madhusudanan. These

bustion of the esters. The onset temperature of the thermal ~ methods consist of a mathematic treatment of the
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Table 2 Onset and peak temperatures for the biodiesel samples and the blends
BEF BEM BFM10 BFM20
Tonset (°C) Theax (°C) Tonser (°C) Thear (°O) Tonset (°C) Theax (°C) Tonser (°C) Tpeax (°O)
10 °C min~' 115.00 213.35 236.60 326.35 127.76 236.69 134.10 240.69
20 °C min~" 117.00 213.25 246.97 356.20 121.40 230.33 129.88 240.94
30 °C min~" 117.00 210.99 257.69 366.57 123.32 232.05 129.26 240.50
e amplewing Coats Redien ComteRedfem AG™) ' Madhusudman 467) P
and Madhusudanan methods 4 4
BEF 10 °C min~™"  71.98 5.68 x 1072 0.9994 7228 496 x 10° 0.9994
20 °C min~"  66.03 649 x 107% 0.9995 66.34 279 x 10°  0.9995
30 °C min~'  71.64 1.88 x 1072 0.9995 71.65 1.63 x 10° 0.9995
BEM  10°C min~' 45.30 242 x 107% 0.9618 45.70 237 x 10°  0.9626
20 °C min~' 55.17 838 x 107 0985 55.57 450 x 10> 0.9853
30 °C min~'  60.32 1.80 x 107 0.9883 60.73 1.15 x 10* 0.9985
BEMI0 10 °C min~' 75.08 0.11 0.9997 7538 1.05 x 107 0.9997
20 °C min~'  74.09 45 x 1072 0.9997 74.40 4.16 x 10° 0.9996
30 °C min~'  71.88 1.9 x 1072 0.9996 72.20 1.7 x 10°  0.9996
BEM20 10 °C min~' 74.42 44 x 107> 09986 71.73 3.14 x 10°  0.9986
20 °C min~"  64.30 409 x 107% 0.998  64.61 2.88 x 10° 0.998
30 °C min~'  62.13 1.94 x 107% 0.9971 62.45 1.28 x 10° 0.9971

Arrhenius equation and are classified as model-free
methods. In the treatment of the thermogravimetric data,
several kinetic models are tested and the model that fits
the data is chosen for the determination of the kinetic
parameters. In other words, the model that provides
linear correlation closest to the unity is the best model
for the analysis of the parameters. The apparent kinetic
model found for the samples was the same, R? model,
kinetic based in a bidimensional geometric model and
reaction in limitrofe phase and cylindrical symmetry. The
kinetic parameters of the biodiesel of cooking oil waste
were not affected by the addition of the moringa bio-
diesel. The apparent activation energy is correlated to
delay in the combustion of the fuel in the motor diesel.
Thus, biodiesel activation energy higher or lower than
diesel activation energy will produce an incomplete
combustion in the chamber of the motor. Once the
average values for the apparent activation energy
(70.04 £ 2.99 kJ mol " for BEF, 53.80 & 6.83 kJ mol ™'
for BEM, 73.84 £ 1.47 kJ mol™' for BFMI10 and
66.61 + 5.17 kJ mol~' for BFM20.) were similar to the
reported for mineral fuels [23], a complete combustion in
a motor diesel, when blended with mineral diesel, is

expected. These values were also similar to those
reported for other kinds of biodiesel [16, 22] (Table 3).

The results of the test storage showed that the conditions
and time of storage influenced directly the values of the
acid number of the samples, in others words; the quality of
the fuel is directly affected by the conditions of storage.
The blends with higher percentage of BEF were most
affected by the conditions of storage. This behavior occurs
due to the low stability of oxidation of the BEF. On the
other hand, the acid number was constant for the blends
with mineral diesel, a behavior explained by the high sta-
bility of the mineral diesel. All the blends containing
mineral diesel were in accordance with Brazilian Legisla-
tion for blends between biodiesel and mineral diesel,
including the blend that contains BEF, the most unsta-
ble biodiesel of the experiment [2]. In other words the high
stability of the diesel kept the quality of the blend with
biodiesel in the proportion evaluated. The BEM sample
was in accordance with the value allowed for the acid
number in storage without visible light exposure. The other
samples that did not contain diesel were outside the range
established. The relation between the time and type of
exposure was showed on the Figs. 3, 4 and 5.
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Conclusions

As observed, the moringa oil and cooking oil waste rep-
resent the extremes in the production of biodiesel: biodiesel
of cooking oil waste was not as stable as the biodiesel of
moringa oil. But the results showed low influence of the
biodiesel in the quality of the diesel blend. At the best of

ﬁ @ Springer

our efforts in research, the behavior of the biofuels and
blends under specific storage conditions is first time
reported. The thermogravimetric analysis of the blends
BFM10 and BFM20 showed thermal behavior similar to
that observed in BEF, and BEM showed the best thermal
stability when compared to BEF once the onset tempera-
ture of degradation of BEM was around 100 °C higher than
BEF. The possibility of presence of water was excluded in
all the samples once the onset temperature for the only
thermal event observed in TG curves was higher than
100 °C. The increase of the heating rate did not result in
significant alterations in the thermal behavior of the sam-
ples. The utilization of thermogravimetric data allowed the
determination of the apparent kinetic parameters as the
activation energy and pre exponential factor. As observed
in the TG curves, the values of the activation energy for
BFM10 and BFM20 were similar to those observed in
BEF, once the quantity of BEF was higher in the blend.
The pseudo-kinetic suggested by the applied methods was
the same for all the samples and corresponded to R* model.
The average values of the activation energy for the bio-
diesel samples and their blends were close to values
reported in literature for mineral fuels [20] and imply a low
time delay in the combustion when blended with mineral
fuel. The conditions and the time of the storage caused
significant and crescent variations in the acid number of the
samples that contain biodiesel. This behavior was observed
mainly in the samples with large percentage of BEF once
the cooking oil waste biodiesel has the lowest thermal
stability between the biodiesels evaluated. When appro-
priately conditioned, in other words, in room temperature
and non-exposed to visible light, the moringa biodiesel
kept its acid number under allowed value for biodiesel
samples. On other hand, the blends containing mineral
diesel showed acid number virtually constant once the
mineral diesel has high oxidation stability. Thus, the
quality of the biodiesel did not affect the quality of the
diesel when blended in the proportion determined by
Brazilian legislation and the evaluating of the storage
conditions were more necessary in the samples of
biodiesel.
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