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Abstract

Given the great energy demand to meet the needs of modern society, it is essential that new alternatives to replace fossil
diesel are studied. And biodiesel is an alternative that has been gaining prominence on the world stage, mainly with the
use of vegetable oils with a high lipid content, such as Pachira aquatica Aubl, also known as munguba. Given the
above, the objective of this work was to extract the oil from the seeds of Pachira aquatica, evaluate the physicochemical
characteristics of the oil and define the best conditions for catalytic mixing with temperature variation in the production
of biodiesel from the oil obtained. Thus, the acidity index, saponification, refraction, peroxide, water content and fatty
acid profile of the oil were evaluated. Fourteen treatments of biodiesel produced with different amounts of sulfuric acid
and temperature were evaluated. They were analyzed for water content, specific mass, kinematic viscosity at 40 °C,
refractive index and ester content. It was found that the lipid content of Pachira aquatica seeds was 42.19% and its
physical chemistry analysis showed that it can be used in the production of biofuels. There was a greater presence of
saturated fatty acids, with a predominance of palmitic acid with 81.95%. Biodiesel produced from oil, on the other hand,
showed higher production of esters in relation to the volume used at temperatures of 60 °C and 0.6 mL of sulfuric acid,
and that its properties showed that the plant can be a possible alternative for the production of biodiesel.

Keywords: Biofuel; Munguba; Physical chemistry analysis.

Resumo

Dada a grande demanda de energia para atender as necessidades da sociedade moderna, é essencial que novas
alternativas para substituir o diesel féssil sejam estudadas. E o biodiesel é uma alternativa que vem ganhando destaque
no cendario mundial, principalmente com o uso de 6leos vegetais com alto teor lipidico, como a Pachira aquatica Aubl,
também conhecida como munguba. Diante do exposto, o objetivo deste trabalho foi extrair o 6leo das sementes da
Pachira aquatica, avaliar as caracteristicas fisico-quimicas do 6leo e definir as melhores condi¢des para a mistura
catalitica com variacdo de temperatura na produgdo de biodiesel a partir do éleo obtido. Assim, foram avaliados o indice
de acidez, saponificacdo, refracdo, peroxido, teor de agua e perfil de acidos graxos do dleo. Foram avaliados 14
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tratamentos de biodiesel produzido com diferentes quantidades de acido sulflrico e temperatura. Foram analisados o
teor de a4gua, massa especifica, viscosidade cinematica a 40 °C, indice de refracdo e teor de éster. Verificou-se que o
teor de lipidico das sementes de Pachira aquatica foi de 42,19% e sua analise fisico-quimica mostrou que pode ser
utilizado na producédo de biocombustiveis. Houve maior presenca de acidos graxos saturados, com predominancia de
acido palmitico com 81,95%. O biodiesel produzido a partir de 6leo, por outro lado, apresentou maior producéo de
ésteres em relacéo ao volume utilizado a temperaturas de 60 °C e 0,6 mL de acido sulfirico, e que suas propriedades
mostraram que a planta pode ser uma possivel alternativa para a produgao de biodiesel.

Palavras-chave: Biocombustivel; Munguba; Anélise fisico-quimica.

Resumen

Dada la gran demanda de energia para satisfacer las necesidades de la sociedad moderna, es esencial que se estudien
nuevas alternativas para sustituir al diésel fosil. Y el biodiésel es una alternativa que viene ganando destaque en el
escenario mundial, principalmente con el uso de aceites con alto contenido lipidico, como la Pachira aquatica Aubl,
conocida como Munguba. El objetivo del trabajo fue extraer el aceite de las semillas de la Munguba, evaluar las
caracteristicas fisicoquimicas del aceite y definir las mejores condiciones para la mezcla catalitica con variacion de
temperatura en la produccion de biodiésel. Por lo tanto, se evalud el indice de acidez, saponificacion, refraccion,
peroxido, contenido de agua y perfil de &cidos grasos del aceite. Se evaluaron 14 tratamientos de biodiésel producido
con diferentes cantidades de &cido sulfurico y temperatura. Se analizé el contenido de agua, la masa especifica, la
viscosidad cinematica a 40 °C, el indice de refraccion y el contenido de éster. Se verifico que el contenido de lipidos de
las semillas de Munguba fue de 42,19% y su analisis fisico-quimico mostré que puede ser utilizado en la produccion de
biocombustibles. Hubo mayor presencia de acidos grasos saturados, con predominio de acido palmitico con 81,95%. El
biodiésel producido a partir de aceite, por otra parte, presentd mayor produccion de ésteres en relacion con el volumen
utilizado a temperaturas de 60 °C y 0,6 ml de acido sulfurico, y sus propiedades han demostrado que la planta puede ser
una posible alternativa a la produccién de biodiésel.

Palabras clave: Biocombustible; Munguba; Analisis fisicoquimico.

1. Introduction

Among the viable alternatives, biodiesel appears as the main alternative to replace petroleum. The similarity of the
properties of biodiesel from oil and fat to petroleum makes its potential favorable as a fuel. The main compatible characteristics
are related to the cetanes number, heat of combustion, pour point, kinematic viscosity, and oxidative stability (Knothe, Gerpen
& Krahl, 2005).

To obtain biodiesel it is necessary that raw materials go through chemical processes, in order to eliminate unwanted
characteristics. Transesterification is the main method for the production of biodiesel, in which a triacylglyceride reacts with an
alcohol in the presence of a catalyst, acid or basic, producing a mixture of fatty acid and glycerol esters (Ma & Hanna, 1999;
Lima Filho, Gouveia, Ruzene & Silva, 2017; Vieira, Sousa, Rosas, Lima Ronconi & Mota, 2018).

In Brazil, studies with vegetable oils have emerged after the First World War (Rico & Sauer, 2015). Since 2006, Brazil
has been a self-sufficient country in oil supply, thus, the use of biofuels is thanks to the discussion on climate change and due to
the attempt to increase renewable energies to reduce carbon dioxide emissions (CO,) (Kohlhepp, 2010). According to the
National Agency for Petroleum, Natural Gas and Biofuels — ANP, approximately 18% of all fuel consumed in Brazil is currently
renewable (ANP, 2019). In 2020, biodiesel production was 6,434,453 m* (ANP, 2020).

Vegetable oils are the main sources of raw materials for the production of biodiesel. Brazil, being a country with a huge
territorial extension and with diversity of raw materials, such as soy, sunflower, palm oil, macaiba, peanuts, in addition to more
than 350 plant species with great potential for use in the production of biodiesel, has stood out in this regard (Ramos et al., 2017).

Brazil has throughout its wide territory several raw materials for the production of biodiesel, most commonly soy
(Ferrari, Oliveira & Scabio, 2005). Even though soybean is the oilseed that is most used in biodiesel production in the country,
it still contains a low percentage of oil in its seeds, causing other raw materials, with higher oil contents, to be used (Cavalett &
Ortega, 2009). Oleaginous plants usually have high oil content, such as soybeans (21%), palm (22%), castor beans (59.8%) and
babassu (60%) (Bergmann et al., 2013).
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The major raw materials used for the production of biofuels are also used in the food industry, which leads to some
issues: increase of the prices, focus on the development of monocultures and concentration of agricultural production (Matos,
Ninaut, Caiado & Salvi, 2008; Mitchell, 2008).

Due to the great biodiversity and the strong incentive to socio-environmental development in a sustainable way, the
Brazilian Amazon is among the regions with the greatest potential for the development of energy crops with low impact on the
food industry and regional ecology. And one of these potential species is Pachira aquatica.

Pachira aquatica Aubl popularly known as munguba is a tree found in the Brazilian Amazon region (Figure 1), in the
contours of rivers and streams, however it has an easy adaptation to cultivation in different edaphic and climatic conditions. In
the states of Sdo Paulo and Rio de Janeiro, they were introduced into urban afforestation as ornamental plants. It is a tree of fast
growth and medium size (Lorenzi, 1992; Silva, Alves, Matos & Bruno, 2012).

The fruits of Pachira aquatica have an average length of 20 cm and weight of 710 g, and around 38 seeds per fruit
(Camacho, Tatis & Ayala, 2018; Vinagre et al., 2019) (Figure 1). The seeds are edible and have high levels of protein and oil,
which can be an alternative for the production of biofuels. According to Jorge and Luzia (2012) the seeds have a high content of
saturated fatty acids, especially palmitic acid. In their studies, Silva, Borges e Antoniosi Filho (2015) found high levels of lipids
(46.62%) and proteins (13.75%) in the seeds of Pachira aquatica.

Figure 1. Presence of Pachira aquatica Aubl in the regions highlighted in Red on the map (A), tree height (B) and seed
characteristics (C).

(B)

(A)

(C)
Source: Aracno (2017).

Thus, analyzing the production of biodiesel as an alternative for sustainable development, and the search for new options

for raw materials as viable as soybeans, this study aimed to extract oil from the seeds of Pachira aquatica Aubl; evaluate the
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physical chemistry characteristics of the oil and define the best conditions for the catalytic mixture and temperature variation in

the production of biodiesel from the oil obtained

2. Methodology
2.1 Seed preparation and oil extraction

The seeds of Pachira aquatica Aubl were obtained from a rural property in the municipality of Mirante do
Paranapanema (UTM 22° 17”37 S; 51° 54’ 217 N), in the Sdo Paulo State. For the oil extraction and biodiesel characterization
stages (Figure 2), the seeds were peeled, weighed, and dried in an oven with forced air circulation at 65 °C, for 24 h. Subsequently,
the seeds were ground for oil extraction analyses.

For the oil extraction, 150 g of dry and ground seeds were weighed, separated into 50 envelopes of filter paper with 3 ¢
each.

After this, each 3 g envelope was inserted into the rods of the Fat Determination System (Tecnal TE-044), which is a
continuous Soxhlet extraction method, where 100 mL of petroleum ether was added for 90 min at a temperature of 90 °C; then
the temperature was increased to 120 °C for another 40 min, aiming at the total recovery of the Petroleum Ether used.

After total recovery of the solvent, the reboilers were removed from the extractor and taken to a dryer for 120 min, so

that the remaining solvent could be evaporate, leaving only the oil and thus allowing the lipid content calculation.

Figure 2. Oil extraction steps and biodiesel characterization.

Pachira aquatica _| Dehumidification | | Qil | oil | Biodiesel | | Biodiesel
and milling Extraction Characterization Production Characterization
| 1% Results ‘ 2™ Results ‘

Source: Authors.
2.2 Physical chemistry analysis of oil

The oil obtained from seed extraction was evaluated according to international guidelines and by following the physical

chemistry analysis described in Table 1.

Table 1. Methods used for the physical chemistry analysis of the oil extracted from the seeds of Pachira aquatica.

Characteristic Technical standard/Method
Fatty acid profile Gas Chromatography (Hartman & Lago, 1973)

Acidity index AOCS Ca 5a-40 (American Oil Chemists’ Society — AOCS, 2009)
Saponification index AOCS Cd 3c-91 (AOCS, 2009)
Refractive index AOCS Cc7-25 (AOCS, 2009)

Peroxide index AOCS Cd 8-53 (AOCS, 2009)

Water content EN 1SO 12937 (National Agency of Petrol, Natural Gas and Biofuels - ANP, 2012)

Source: Authors.
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For the fatty acid profile of the oil, a gas chromatograph with a thermal conductivity detector was used, following the
description of the methodology by Hartman and Lago (1973).

To determine the acidity index, the method described by AOCS Ca 5a-40 (AOCS, 2009) was used. It is defined as the
amount in milligrams of sodium hydroxide to neutralize 1 g of oil sample. Erlenmeyer, ethyl alcohol, phenolphthalein indicator

was used for the same. determination was used in triplicate. The acidity index was calculated according to Equation 1.

Acidity index = (V x N x 2.82)/M (D)

Where V: volume spent on titration (mL); N: exact normality of the NAOH solution; M: sample mass (g); 28.2:

correction factor.

The saponification index was determined by the method recommended by ABNT NBR 10448 (ABNT, 2020). It is
represented by the amount in milligrams of potassium hydroxide to saponify 1 g of oil. Erlenmeyer, 0.5N potassium hydroxide
ethanolic solution, reflux condenser and titrated with 0.5N hydrochloric acid in the presence of phenolphthalein were used. The

calculation to determine the saponification index was performed by Equation 2.

Saponification index = (56.1 x (VO - V1) x Ne)/m 2)

Where VO0: volume of the hydrochloric acid solution used in the blank test (mL); V1: volume of the hydrochloric acid

solution used with the sample (mL); Ne: exact normality of hydrochloric acid; m: sample weight (g).

The refractive index was determined by means of a refractometer, using the methodology of AOCS Cc7-25 (AOCS,
2009). The refractive index is related to the degree of saturation of the molecules, which can be changed due to oil oxidation.

The peroxide index was determined by the method proposed by AOCS Cd 8-53 (AOCS, 2009), from milliequivalents
of active oxygen in 1000 g of oil, calculated from the iodine released from potassium iodide. An Erlenmeyer flask was used,
with a 3:2 chloroformic acetic acid solution, 0.05 mL Potassium lodide and titrated in the presence of 3 mL of water with 0.1N

sodium thiosulfate. For the calculation, Equation 3 was used.

Peroxide index = ((A - B) x N x f x 1000)/P 3)

Where A: volume of sodium thiosulfate solution used in sample titration (mL); B: volume of the sodium thiosulfate
solution used in the blank titration (mL); N: normality of the sodium thiosulfate solution; f: sodium thiosulfate solution factor;
P: sample weight (g).

To determine the water content, the Karl Fisher method was used, using the EN 1SO 12937 technique (ANP, 2012).

This methodology is based on the oxidation of sulfur dioxide by iodine in a methanol solution.

2.3 Experimental planning and evaluation of biodiesel production
To obtain biodiesel from munguba, the following method proposed by Johnson and Wen (2009) was used. Fourteen
treatments were studied, with methanol solution (CH3sOH), chloroform (CHCls), with different concentrations of sulfuric acid

(H2S0.) and at different temperatures, as shown in Table 2.
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For the study, 500 mg of oil were used, which were divided into 14 tubes that represented the evaluated treatments. The
reaction lasted for 60 min, with 10-min intervals for the tube to be shaken with a VVortex apparatus. After this, the samples were
cooled to room temperature, 2 mL of distilled water was added, and the tubes were allowed to stand for 24 h for decanting. Then

about 1 mL of the esters produced were removed from the tube and left in a dryer at 90 °C for 60 min for later analysis.

Table 2. Experimental planning for biodiesel production
Treatment  Methanol (CH30H) (mL)  Chloroform (CHCI3) (mL)  Sulfuric acid (H2SQO4) (mL) Temperature (°C)

1 3.4 4.0 0.4 30
2 3.4 4.0 0.6 30
3 3.4 4.0 0.8 30
4 3.4 4.0 0.4 60
5 3.4 4.0 0.6 60
6 3.4 4.0 0.8 60
7 3.4 4.0 0.4 90
8 3.4 4.0 0.6 90
9 3.4 4.0 0.8 90

Source: Authors.

2.4 Physical chemistry analysis of biodiesel

The biodiesel produced also followed technical standards for its physical chemistry characterization (Table 3).

Table 3. Methods used for the physical chemistry analysis of biodiesel of Pachira aquatica

Physical chemistry characteristic Technical standard/Method
Specific mass ASTM D 4052 (ANP, 2012)
Kinematic Viscosity at 40 °C ASTM D 445 (ANP, 2012)
Ester Content Gas Chromatography (ANP, 2012)
Refractive index AOCS Cc7-25 (AOCS, 2009)
Water content EN ISO 12937 (ANP, 2012)

Source: Authors.

The specific mass at 20 °C was obtained using a pycnometer apparatus. This apparatus determines the specific mass of
the substance by the ratio between mass and volume.

Kinematic viscosity was determined using a Cannon-Fenkse viscometer in a thermostatic bath at 40 °C. Kinematic
viscosity is a property that is directly linked to the fluid's resistance to flow, under a given time.

PerkinElmer, model “Clarus 680GC,” was the gas chromatograph, with a thermal conductivity detector, used to evaluate
fatty acid profile and ester content, according to the standards of ABNT 15764 (ANP, 2012).

The determination of the refractive index and the water content present in the biodiesel production was carried out

according to the same methodology previously described for the analysis of the oil of Pachira aquatica.
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2.5 Statistical analysis
Data analysis to define the ideal conditions for experimental planning was performed by applying the response surface
methodology and adjusting the variance model using the Statistical Software (version 10), with a significance level of 5%, to

evaluate the influence that sulfuric acid and temperature have in the Pachira aquatica biodiesel production.

3. Results and Discussion
3.1 Characterization of Pachira aquatica oil
3.1.1 Physical chemistry analysis

Table 4 presents the results found for the lipid content, indexes of acidity, saponification, refraction, saponification, and
water content. The lipid content of 43.14% was higher than that found in other studies, such as the one by Jorge and Luzia (2012),
who found 38.39%, and was lower than Silva (2010), with 46.62%, and Lago, Pereira, Siqueira, Szpiz and Oliveira (1986), with
44.1%. The lipid content of 43.11%, found in the seeds of Pachira aquatica, is considered high compared to other oilseeds, such

as soybean, with values between 16 and 22%, and is the main source of raw material for the production of biodiesel.

Table 4. Results found during the physical chemistry characterization of Pachira aquatica oil

Lipid content  Acidity index Saponification index Refractive Peroxide index Water content
(%) (mg KOH/g) (mg KOH/g) index (40 °C) (meq kgt (%)
43.14 3.283 180.95 1.4656 0.993 2.1

Source: Authors.

The acidity index of the oil was found 3.283 mg KOH/g, this value is much lower when compared to other oils, such as
peanut, with 4.88 mg KOH/g, sunflower, with 8.73 mg KOH/g, and andiroba, with 17.74 mg KOH/g (Radunz et al., 2018;
Rovere, Rodrigues & Teleken, 2020). The National Health Surveillance Agency — ANVISA establishes that oils considered good
must have a maximum value of 4.0 mg KOH/g (ANVISA, 2005).

The acidity index is a very important characteristic for the biodiesel production process, in addition to providing the
degree of oil degradation (Morais, Christiani, Cestari & Flumignan, 2012). If the acidity is high, it can catalyze intermolecular
reactions, which can affect the thermal stability of the fuel in the combustion chamber and increase the corrosive action in the
engine (Silva, 2005).

The acidity index is linked to the level of degradation of the oil quality, which is directly related to the nature of the raw
material and the degree of purity of the oil (Ngassapa, Nyandoro & Mwaisaka, 2012). Oils with high acidity content when
inserted in the production process of biodiesel does not have a phase separation (ester and glycerin) (Nunes, 2007).

The value found for the saponification index was 180.95 mg KOH/g. This value was very close to that found by Silva
(2010) of 172 mg KOH/g and lower than those obtained by Jorge and Luzia (2012), of 208 mg KOHY/g for the same species.
When compared to other oilseeds, such as soybean, with values of 143.32 mg KOH/g (Almeida, Nunes, Teixeira, Rodrigues &
Mello, 2011) and sesame, with 142.2 mg KOH/g (Dawodu, Ayodele & Bolanle-Ojo, 2014), the saponification index of Pachira
aquatica was higher.

The refractive index obtained in the present study was 1.4656. This value is comparable to that reported by Jorge and
Luzia (2012), of 1.4549 for Pachira aquatica oil. The refractive index is related to the degree of unsaturation of bonds, oxidation
compounds and thermal treatment, reflecting on the number of double bonds and the size of hydrocarbon chains (Almeida et al.,
2011; Jorge, Soares, Lunardi & Malacrida, 2005).
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The peroxide index value found was 0.993 meq kg™. On the other hand, Jorge and Luzia (2012) found zero value for
this index, and in our case, it was lower in comparison with other oils such as peanut, with 3.64 meq kg (Radunz et al., 2018)
and Jatropha curcas L., with 2.77 meq kg™ (Moura et al., 2019). The peroxide index is an essential parameter to estimate the
degree of deterioration of the raw material, which occurs due to the change in the color and odor of biodiesel (Oliveira, Cremonez,
Feroldi, Weiser Meier & Teleken, 2015).

The water content found for Pachira aquatica oil was 2.1% lower than that found by Jorge and Luzia (2012), which
was 3.89%, and higher than other oils such as babassu, with 0.36% and pequi, with 0.31% (Vieira et al., 2018). A content higher

than 0.5% can cause hydrolysis of triglycerides, converting them to free fatty acids (Barros, Wust & Meier, 2008).

3.1.2 Fatty acids profile

The fatty acids profile (Figure 3) showed the predominance of palmitic acid with 81.95% (Table 5). Jorge and Luzia
(2012) and Oliveira (2018) also indicated that the presence of palmitic acid stood out in their studies, with values of 69.4% and
44.93%, respectively. Pachira aquatica oil is mostly composed of saturated fatty acids, and this reflects on the size of chains

and bonds among molecules. Table 5 presents the results obtained for the components present in Pachira aquatica oil.

Figure 3. Chromatographic profile of fatty acids in Pachira aquatica Aubl oil
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Table 5. Identification of components in Pachira aquatica Aubl.

Analyte Name Time [min] Norm. area (%)
C4 (Butyric Acid) 9.895 0.19
C6 (Caproic Acid) 11.184 0.27
C8 (Caprylic Acid) 12.522 0.29
C10 (Cirtic Acid) 13.921 0.20
C11 (Acid hendecanoico) 14.401 0.09
C12 (Lauric acid) 15.393 0.25
C14 (Meristic Acid) 17.101 0.48
C15 (Pentadecyl Acid) 18.111 0.11
C16 (Palmitic acid) 19.303 81.95
C16:1 ( Palmitoleic Acid) 20.023 0.37
C17 (Margaric Acid) 20.576 0.19
C18 (Stearic Acid) 22.085 3.08
C18: IN9T (Acid elaidico) 22.652 1.75
C18: 1N9C (Oleic Acid) 23.082 1.07
C18:2N6T (Acid linolelaidico) 23.694 0.49
C18:2N6C (Linoleic Acid) 24.439 3.49
C18:3N3 (Acid o Linoleic) 26.079 0.30
C20:1 (Acid Gadoléico) 26.488 0.50
c21 27.614 0.44
C20:2 28.946 0.28
C23 32.370 2.90
C22:2 33.698 0.18
C24 (Lignoceric Acid) 35.106 0.41
C22: 3N3 36.261 0.33
C24: 1N9 ( Nervonic Acid) 39.600 0.38
100.00

Source: Authors.

3.2 Biodiesel from Pachira aquatica oil
3.2.1 Physical chemistry analysis

After the production of biodiesel, the physical chemistry analyzes started with the kinematic viscosity at 40 °C and
presented a value of 7.44 mm#/s (Tabele 6). While Souza (2008) found values of 6.23 mm?/s. When compared to biodiesel from
soy, 3.97 mm?'s (Alptekin & Canack, 2008) and from jatropha, 2.47 mm2/s (Patil & Deng, 2009), the value of biodiesel from
Pachira aquatica was much higher. The ANP (2014) establishes in its standards that the ideal kinematic viscosity for the
production of biodiesel must present values between 3 to 6 mm?2/s; thus, pure Pachira aquatica biodiesel, without any mixtures,
would not meet the ANP requirements.

The water content found was 192 mg/kg, meeting the required by ANP (2014) of 200 mg/kg. This parameter is directly
linked to the biodiesel purification process. If the water content is not within the parameters regulated standard, it can lead to

corrosion of the fuel tank, and proliferation of microorganisms.
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When the specific mass at 20 °C is above the levels established by the ANP (2014), which limits values between 850
and 900 kg/m3, can occur to the emission of pollutants, such as CO and other particulate materials. However, if this content is
too low, fuel consumption in biodiesel vehicles may increase. In the present study, the specific mass value was 901.9 kg/m?.
The value found was lower compared to the result obtained by Souza (2008) of 916.8 kg/m® and higher than the results obtained
by Brum et al. (2009), 889.8 kg/m? for biodiesel from P. aquatica.

Table 6. Physical chemistry analysis Pachira aquatica Aubl.

Physical chemistry analysis Result ABNT
Kinematic viscosity (40°C) 7.44 mm?/s ANP (2014) (3 a6 mm2/s)
Water Content 192 mg/kg ANP (2014) (200 mg/kg)
Specific Mass at 20°C 901,9 kg/m3 ANP (2014) (800-900 kg/m3)

Source: Authors.

3.2.2 Ester’s content

Considering the yields of each one of the treatments, the highest content of biodiesel was achieved at 60 °C and with
0.6 mL of sulfuric acid. These results corroborate those observed by Johnson and Wen (2009).

Table 7 shows the values of methyl esters (mL) and conversion rate (%) found in the 14 treatments studied. Table 8
shows the methyl esters present in biodiesel from Pachira aquatica. In Figure 4, the relation of temperature x H,SO4 can be seen

as a function of the amount of methyl ester produced.

Table 7. Conversion rate and amount of methyl esters (mL) produced from the Pachira aquatica biodiesel production process.

Treatment Sulfuric acid (mL) Temperature (°C) Methy! esters (mL) Conversion rate (%)
1 0.4 30 376.0 75.20
2 0.6 30 414.8 82.96
3 0.8 30 395.6 79.12
4 0.4 60 424.6 84.92
5 0.6 60 431.2 86.24
6 0.8 60 411.6 82.32
7 0.4 90 400.4 80.08
8 0.6 90 425.0 85.00
9 0.8 90 431.4 86.28

Source: Authors.

Table 8. Methyl ester found in the gas chromatography of biodiesel from Pachira aquatica Aubl.

Methyl ester Structure Value found (%)
Methyl palmitate C16:0 64.1
Methyl stearate C18:0 3.9

Methyl oleate c18:1 12.2
Methyl linoleate C18:2 8.3

Source: Authors.
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Concerning conversion rate (Table 7), treatment 1, at 30 °C and with 0.4 mL of sulfuric acid, produced less methyl
esters, with 75.20%; this value is due to the fact that its composition has the less amount of sulfuric acid (0.4) and the temperature
being the lowest of all used (30 °C). Treatment 9, at 60 °C and with 0.8 mL of sulfuric acid showed the highest conversion rate,
with 86.24%. It should have undergone a purification or even be repeated several times for the yield to increase.

As for the esters, it was found that methyl palmitate stood out in the production of biodiesel, with 64.1%, followed by
methyl oleate, with 12.2% (Table 8). In their studies, Souza (2008) and Brum et al. (2009) also observed higher contents of
methyl palmitate esters (65.7 and 68.3%, respectively) and methyl oleate (15.8 and 10%, respectively).

The difference between the acids found in biodiesel and oil varied thanks to the process that it went through, influenced

by the sulfuric acid used and other compounds.

Figure 4. Graph (response surface) of ester conversion rate.

Fitted Surface; Variable: Biodiesel
2 3-level factors, 1 Blocks, 14 Runs; MS Pure Error=49,024
DV: Biodiesel

T RERIIR

Bl 430
Bl 420
] 410
[ 400
B 390
Bl 330

Source: Authors.

The variance test (Table 9) had p-value = 0.07 and F-value = 4.44 for the relation between temperature and content of
sulfuric acid, which demonstrates a dependence between these variables, where the temperature and sulfuric acid had a significant
effect on the conversion of oil to methyl esters, at a 5% significance level.

The response curve (Figure 4) and Table 7 show that biodiesel production can increase with higher temperatures and

content of sulfuric acid (60 °C and 0.6 mL). However, above these values, the conversion rate of esters decreases.
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Table 9. Variance test to evaluate the dependence of variables considered in the biodiesel production.

Factor SS df MS F P
(1) Temperature L + Q 1594.470 2 797.2349 16.26213 0.006481
(2) H2SO4| 1348.388 2 674.1938 13.75232 0.009280
1*2 653.457 3 217.8189 4.44311 0.070999
Lack of fit 1.4184 1 1.44841 0.03027 0.868697
Pure Error 245.120 5 49.024
Total SS 5441.477 13

Source: Authors.

4. Conclusion

Pachira aquatica Aubl seeds have high lipid content (average = 42.19%). The physical chemistry analysis showed that
Pachira aquatica oil is an alternative for the production of biofuels. There was a greater presence of saturated fatty acids, with
a predominance of 81.95% for palmitic acid. The method used showed higher percentage of esters in relation to the volume used
at 60 °C and with 0.6 ml of sulfuric acid. The physical chemistry properties of biodiesel from Pachira aquatica confirmed the
oil's potential as an alternative in production, since all physical chemistry properties are within the limits of what is required by
national and international guidelines. However, further studies are necessary to prove the viability of this species, considering

oil extraction, storage, and biodiesel production.
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