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Abstract:



The objective of this work was to produce methyl biodiesel from Bombacopis glabra (B. glabra) oil degummed with H3PO4. The methyl biodiesel was prepared in an alkaline medium, and characterized by physico-chemical parameters, thin-layer chrmatograghy (TLC), gas chromatograph (GC), (Nuclear magnetic resonance of hydrogen (H-NMR), thermogravimetry and infrared analysis. The physico-chemical parameters of biodiesel were in accordance with the limits established by National Agency of Petroleum, Natural Gas and Biofuels (ANP) Resolution 45/2014, except oxidation stability, where it was corrected with the addition of antioxidants such as TBHQ and BHT.
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1. Introduction


The research in biodiesel area has intensified in recent years, particularly due to the environmental advantages it presents compared to petroleum diesel. Since it is free from sulfur and aromatic compounds, it emits lower particulate content, such as hydrocarbons (HC), carbon monoxide (CO) and carbon dioxide (CO2). It is not toxic, being biodegradable, it comes from renewable sources, and therefore, the world will benefit from the lower emission of gases contributing to the greenhouse effect [1,2].



Brazil, a tropical country, has a great potential for biodiesel production, possessing large areas of productive land and a large variety of oilseed to obtain vegetable oils [3]. In some regions of the country, there are plantations with a high yield potential. In other regions, climatic conditions provide specific and almost exclusive crops, and there are regions where only the extraction would be enough to boost production on an industrial scale [3]. Thus, the study of native plants of each region is essential to evaluate their productive potential, to aggregate value to these species, and contribute to generate employment and income to the rural population.



Among the still little studied oil seeds, there is Bombacopsis glabra (Pasq.) A. Robyns, belonging to the family Malvaceae—Bombacoideae [4,5]. It is a plant known popularly as “castanha-do-maranhão”, “mamorana”, “castanha-da-praia”, “cacau-do-maranhão”, and “cacau-selvagem”. It occurs in tropical and subtropical regions of America and Europe [6], being native in the Atlantic rainforest from Pernambuco to Rio de Janeiro, but also in the Amazon, where it grows on the banks of rivers, streams, and the Amazon estuary [7].



The B. glabra is a woody ornamental plant and can measure from 4 to 6 meters tall. The seeds of this species are the main means of propagation, with 100% germination, occurring five to ten days after sowing [6,8]. The flowering occurs from September to November, with fruit ripening at the beginning of the year. B. glabra can be used in the recovery of degraded areas, with a good development of seedlings in full sun and it tolerates 30 to 50% shade. Moreover, it is used as a living fence post (hedge), by “açourianas” communities of Santa Catarina Island, Brazil [8].



The fruit of B. glabra contains on average 18 seeds rich in oil. It has a pleasant taste, and is quite often consumed by humans and wild animals, yet however is poorly investigated for its economic exploitation [9]. The annual production is about 63 fruits per plant corresponding to an estimate of 570 kg of seeds per hectare containing a total of 400 plants [10].



Species belonging to the family Malvaceae have as a common chemical characteristic the presence of triglycerides of cyclopropenoid fatty acids (CPFA) in the oil of their almonds [5]. There are reports in the literature that compounds containing a cyclopropene ring are associated with multiple biological effects on animals including carcinogenic activities and co-carcinogenic [11,12,13]. Although B. glabra seeds are consumed by humans, their ingestion is not recommended due to the presence of CPFA. Due to the presence of this substance (CPFA), this oil does not compete with the edible oils for biodiesel production.



The most common cyclopropenoid fatty acids (CPFA) are malvalic and sterculic acids (Figure 1) [7]. Sterculic acid is an inhibitor of the Δ9-desaturase, which converts stearic acid into oleic acid, and is potentially harmful to humans in that it can alter the membrane permeability and inhibit reproduction [12,14].


Figure 1. Sterculic and malvalic acid chain structure.
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The oil content of almonds B. glabra ranges from 34% to 50%, and a composition consisting of myristic acid (from 0.0% to 0.64%), palmitic (from 50.5% to 68.3%), stearic (from 2.0% to 4.5%), oleic (from 0.0% to 9.8%), linoleic (from 8.0% to 8.9%), linolenic acid (from 2.0% to 8.5%), dihydrosterculic (from 0.0% to 1.5%), malvalic (from 0.5% to 5.0%), sterculic (from 22.0% to 28.5%), and 2-hydroxy-sterculic (from 0.0% to 3.0%), determined as methyl esters [7,10].



In some studies, reported in the literature about the chemical composition of B. glabra oil, the percentage of CPFA ranged from 24.5% to 34%, and, in other studies there was no mention about the existence of these substances [7,10]. The divergence in the results of the analyses is because the CPFA are unstable and easily decompose under heating in acidic medium, depending, therefore, on the form of extraction, the conditions of derivatization and chromatographic analysis [12,13].



Brazil has invested in research to diversify the raw material used in the production of biodiesel. The Sterculia striata oil which contains about 15% CPFA [13] was investigated for the production of ethyl biodiesel [15], however, its density was above the value specified by the Brazilian Petroleum Agency.



This study aimed to extract the oil of almonds of B. glabra, to synthesize and to characterize methyl biodiesel obtained from the degummed oil with H3PO4. Moreover, methyl biodiesel was evaluated with synthetic antioxidants, butylated hydroxyquinone (TBHQ), and butylated hydroxytoluene (BHT), and another of natural origin, the cashew nut shell liquid (CNSL).




2. Results and Discussion


2.1. Physicochemical Parameters of Degummed Oil


The 1H-NMR spectrum of the oil degummed with H3PO4 did not present singlet in δ 0.77, corresponding to the methylene hydrogens of the cyclopropene ring showing that under these conditions there was a degradation of these groups (Figure 2), in accordance with that which was observed for oil of Sterculia striata (Malvaceae) [12].


Figure 2. The 1H-NMR spectrum of B. glabra oil degummed with H3PO4 (CDCl3, 500 MHz).
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According to Table 1, the degummed oil presented an acidity level within the limits observed for refined oils, whose value is less than 0.6 mg KOH/g of oil [12], being therefore suitable for conversion into biodiesel.



Table 1. Physical-chemical parameters of degummed oil of B. glabra.







	
Parameters

	
Value






	
Acidity level (mg KOH/g oil)

	
0.5154 ± 0.0130




	
Index of saponification (mg KOH/g oil)

	
184.21 ± 0.98




	
Viscosity 40.0 ± 0.1 °C (mm2/s)

	
48.63 ± 0.02










The value of the index of saponification degummed oil (Table 1) was lower than that reported in the literature (196–211 mg KOH/g oil) [10,16] and closer to palm oil (190 mg KOH/g oil) [17].



The B. glabra oil had a viscosity higher than that of coconut (27.4 mm2/s), palm (36.0 mm2/s) [18], soybean (32.6 mm2/s), rapeseed (37.0 mm2/s), and cotton oil (33.5 mm2/s) [19], and below castor (239.4 mm2/s) [20] and crambe (Crambe abyssinica) oil (53.2 mm2/s) [21].




2.2. Biodiesel Analysis by TLC, 1H-NMR and GC


In biodiesel synthesis, sodium hydroxide (NaOH) in concentrations of 0.5%, 0.75%, and 1.0% in relation to the oil mass was used. It was observed that a low NaOH concentration (0.5%) led to an incomplete reaction. On the other hand, although an excess of NaOH (1.0%) accelerates the trasesterification, it also increases the amount of water in the reaction medium in the formation of sodium methoxide step, favoring the undesired hydrolysis of biodiesel [2]. In this work, the best biodiesel yield was obtained when the NaOH concentration was 0.75%.



The methyl biodiesel of degummed oil of B. glabra prepared with 0.75% NaOH produced 90% yield, however this value is influenced in part by the formation of stable emulsions, as caused by undesirable reactions such as saponification of the methyl esters and triacylglycerols [2].



The TLC analysis of the methyl biodiesel, as produced from the degummed oil with H3PO4, showed that practically all the oil was transesterified (Figure 3). 1H-NMR spectrum (Figure 4) did not show signs characteristic of triacylglycerols between δ 4.10–4.40. Moreover, the spectrum confirmed the occurrence of the transesterification reaction of the oil because it showed a singlet at δ 3.61 assigned to methoxy hydrogens of ester [22]. The conversion percentage of triacylglycerols to methyl ester as determined by analysis of the 1H-NMR spectrum was 95%. However, in the gas chromatograph (GC) analysis, the conversion percentage was 91.3%, below the minimum value (96.5%) established by the ANP Resolution 45/2014 [23].


Figure 3. Thin layer chromatography (TLC) of (a) B. glabra oil and of (b) methyl biodiesel. Eluant: hexane-EtOAc (95:5); Dyeing reagent: iodine vapor.
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Figure 4. 1H-NMR spectrum of methyl biodiesel of B. glabra degummed oil with H3PO4 (CDCl3, 500 MHz).
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2.3. Analysis in Infrared Region


The infrared spectra of degummed oil and methyl biodiesel of B. glabra are illustrated in Figure 5. The lack of absorption bands among 2500–3300 cm−1 indicated the absence of moisture in the samples [24]. In the biodiesel spectrum, small displacements of the absorption bands were found as compared to those in the spectrum of oil: 1743 cm−1, related to the stretching vibration of C=O of methyl esters, 1242, 1172, and 1112 cm−1 of bond C–O [24].


Figure 5. Infrared spectra of degummed vegetable oil and methyl biodiesel of B. glabra.



[image: Energies 10 01360 g005]







2.4. Thermogravimetric Analysis


Because biodiesel is a mixture of alkyl esters, it has similar physical properties to the pure esters. Therefore, it tends to show volatility and boiling point dependency on fatty acid composition, especially the chain length and number of double bonds. Thus, to a certain biodiesel, the boiling point will be the value average of types and amounts of esters of fatty acids present [25,26].



The thermogravimetric analysis has been shown as a rapid technique for measuring the boiling point and vapor pressure of many organic compounds, including vegetable oils or alkyl esters of vegetable oils. According Goodrum [25], this method does not show visible evidence that the samples of esters suffer breakdown before or during boiling. The thermogravimetry and derived thermogravimetry (TG/DTG) curve of crude oil of B. glabra, extracted with hexane at room temperature (Figure 6a) showed a weight loss of 88.23% in the temperature range 255.73 to 451.74 °C, with the “onset” temperature (Tonset) of 381.83 °C concerning the boiling point of triacylglycerols. The second mass loss of 9.81% occurred among 451.74 to 505.47 °C, attributed to volatilization from longer chain triglycerides and/or minority constituents present in the oil [1,20]. It is noteworthy that the TG/DTG curve of B. glabra oil extracted at room temperature was very similar to that for other vegetable oils, and, despite the existence of 28.82 ± 1.98% of CPFA as determined by 1H-NMR [7], thermogravimetric analysis did not show changes that could be attributed to such substances.


Figure 6. Thermogravimetry and derived thermogravimetry curves of oils of B. glabra extracted with hexane at room temperature (a) to degummed oil with H3PO4 (b) and of methyl biodiesel of degummed oil (c).
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The degummed oil with acid showed a TG/DTG curve similar to that of crude oil (Figure 6b). The volatilization of triglycerides occurred between 261.03 to 447.20 °C (88.17% mass loss) and a boiling point of 373.37 °C. The loss of mass which occurred in the range of 447.20 to 503.20 °C (8.82%) was also attributed to volatilization of triglycerides with a higher molecular mass and/or minority constituents present in oil, once this process of degumming removes only partially the polar residues from oil [27]. There was still a small decay at 106.64 to 261.03 °C, with loss of mass of 2.10%, which can be attributed to degradation products of CPFA.



The TG/DTG curve of methyl biodiesel of B. glabra oil degummed oil with H3PO4 of (Figure 6c) demonstrated four thermal events. The two first intervals of mass loss observed occurred between 80.15 to 52.70 °C (loss of mass of 72.38% and Tonset of 172.79 °C), and 253.46 to 310.97 °C (loss of mass of 14.72% and Tonset = 287.05 °C), being attributed to the volatilization of the methyl esters.



The TG/DTG curve of methyl biodiesel of Jatropha curcas L. oil degummed with phosphoric acid exhibits two events, being that the first occurred between 9.40 to 246.65 °C (loss of mass of 79.47%; Tonset = 175.81 °C) and the other from 246.65 to 301.14 °C (loss of mass 18.32% and Tonset = 287.52 °C) [28].



Methyl biodiesel of “babaçu” (Orbignya phalerata) and soy showed a main thermal event with Tonset corresponding to 222.11 °C [1] and 347.65 °C [25], respectively, which were attributed to the volatilization of the methyl esters. The presence of possible CPFA decomposition products likely contributed to the reduction of this value in the main event of the TG/DTG curve of B. glabra biodiesel.



The temperature interval from 310.97 °C to 429.03 °C and 429.03 °C to 502.44 °C, with a mass loss of 10.70% and 1.28%, and Tonset of 387.91% and 463.36%, respectively, were associated with the waste monoglycerides, once verified the absence of di- and triacylglycerols in the gas chromatography analysis (Table 2). It may also be associated with minority constituents in the oil, which were only removed partially in the processing biodiesel, therefore, observed with a lower content. This finding is supported by the TLC analysis, since part of the spots relative to constituents polar, observed for the degummed oil did not appear in biodiesel (Figure 3).



Table 2. Physico-chemical parameters of methyl biodiesel of B. glabra.







	
Characteristic

	
Unit

	
Methods

	
Results

	
Limit ANP [23]






	
Aspect

	
-

	
-

	
CFI

	
CFI




	
Specific mass at 20 °C

	
kg/m3

	
ASTM D 4052

	
880.0

	
850–900




	
Kinematic viscosity at 40 °C, max.

	
mm2/s

	
ASTM D 445

	
4.82

	
3–6




	
Water and sediments, max.

	
% volume

	
ASTM D 2709

	
0.01

	
0.050




	
Flash Point, min.

	
°C

	
ASTM D 93

	
172

	
100.0




	
Copper corrosion, 3 h 50 °C, max.

	
-

	
ASTM 130

	
1b

	
1




	
Filter plugging point at cold, max.

	
°C

	
ASTM D 6371

	
2.0

	
19




	
Acid value, max.

	
mg KOH/g

	
IAL

	
0.03

	
0.50




	
Free Glycerol, max.

	
% mass

	
ASTM D 6584

	
0.001

	
0.02




	
Total Glycerol, max.

	
% mass

	
ASTM D 6584

	
0.029

	
0.25




	
Monoacylglycerol, max.

	
% mass

	
ASTM D 6584

	
0.028

	
0.70




	
Diacylglycerol, max.

	
% mass

	
ASTM D 6584

	
0.00

	
0.20




	
Triacylglycerol, max.

	
% mass

	
ASTM D 6584

	
0.00

	
0.20




	
Methanol, max.

	
% mass

	
EN 41110

	
0.010

	
0.20




	
Oxidation stability at 110 °C, min.

	
h

	
EN 14112

	
0.76

	
8








CFI: Clear and free of impurities; IAL: Institute Adolfo Lutz; ANP: National Agency of Petroleum, Natural Gas and Biofuels; ASTM: American Society of Testing and Materials; and, EN: European Normalisation.









2.5. Physico-Chemical Parameters


The physico-chemical parameters of B. glabra biodiesel (Table 2)are within the limits established in the ANP Resolution 45/2014 [23], with the exception of the oxidation stability at 110 °C (0.76 h) that may be corrected with the addition of antioxidants to meet specifications. The low oxidation stability of biodiesel was in agreement with the low thermal stability in the thermogravimetric analysis. This behavior must be due to the presence of degradation products of CPFA in the degummed oil with H3PO4 and hence the biodiesel.



The percentage of monoacylglycerol and the absence of di and triacylglycerol in GC analysis, associated with low levels of total glycerin, showed that there was a high rate of conversion of oil in methyl ester.




2.6. Addition Effect of Antioxidants in Stability from Methyl Biodiesel of B. glabra


Aiming to increase the oxidation stability of the B. glabra, biodiesel tests were carried out using synthetic antioxidants, butylated hydroxyquinone (TBHQ), and butylated hydroxytoluene (BHT), and another of natural origin, the cashew nut shell liquid (CNSL), as shown in Figure 7.


Figure 7. Chemical structure of synthetic antioxidants (butylated hydroxytoluene (BHT) and butylated hydroxyquinone (TBHQ)) and the main constituents of the cashew nut shell liquid (CNSL).
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TBHQ and BHT are primary antioxidants that interrupt oxidative reactions in the chain, by the donation of hydrogens atoms from phenolic hydroxyl to the free radicals of esters, later becoming free radical, which stabilized by resonance without starting or spreading the oxidation [29,30]. The potential of these antioxidants in the stabilization of soy, palm, and jatropha biodiesel has been verified by several researchers [29,31,32,33,34].



CNSL is comprised of meta-alkylphenols (anacardic acid, cardanol and cardol) (Figure 7), which act as free radical scavengers and sometimes as metal chelators, in steps of initiation and the spread of the oxidation process (Figure 8) [29], and may be used as an antioxidant of fuel and lubricant [35]. According to literature reports, an improvement of the thermal stability of the oil and castor biodiesel is observed when using CNSL as an additive [35].


Figure 8. Effect of concentrations of TBHQ and BHT in the induction period of methyl biodiesel of B. glabra.



[image: Energies 10 01360 g008]






TBHQ and BHT were effective in an increase of induction period of the methyl biodiesel (Figure 8). An addition of 2500 ppm of both antioxidants was necessary to reach the specification of this parameter, as required by ANP Resolution 45/2014, given that the biodiesel present with stability only 0.76 h.



It was observed that in the concentrations studied of TBHQ and BHT, the induction period was significantly similar. However, research showed that in the soybean biodiesel the induction period was only 0.16 h, and TBHQ presented a greater potential of stability. TBHQ was utilized in higher concentrations and showed differences in stabilization, when compared to BHT [29].



In Figure 9 and Table 3, the induction period gradually increases with the use of high concentrations of CNSL. In addition, this increase remained practically constant above 2% of antioxidant. In these concentrations, the physico-chemical characteristics of biodiesel may be compromised. The results show that CNSL is not appropriate to be used as an antioxidant additive of biodiesel of B. glabra.


Figure 9. Effect of concentration of CNSL in induction period of methyl biosiedel of B. glabra.
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Table 3. Induction periods obtained to the methyl biodiesel of B. glabra (MBBg) doped TBHQ, BHT or CNSL at different concentrations.







	
Concentration (ppm)

	
Induction Period (h)




	
TBHQ

	
BHT

	
CNSL

	
MBBg






	
0

	
-

	
-

	
-

	
0.76




	
100

	
1.16

	
1.07

	
-

	
-




	
500

	
2.80

	
2.06

	
-

	
-




	
2000

	
6.75

	
6.41

	
-

	
-




	
2500

	
8.43

	
8.06

	
-

	
-




	
5000

	
-

	
-

	
1.18

	
-




	
10,000

	
-

	
-

	
1.38

	
-




	
100,000

	
-

	
-

	
3.04

	
-




	
200,000

	
-

	
-

	
3.44

	
-




	
500,000

	
-

	
-

	
3.73

	
-












3. Materials and Methods


3.1. Instrumentation


Automatic hydrometer Anton Paar DMA 4500, viscometer Quimis®, Rancimat Metrohm 743. Water and sediment were measured in an apparatus Benchmark 2000, of Koehler Instrument Company, Inc. (Holtsville, NY, USA); the bright point was determined in apparatus of vessel closed Pensky Martens APM-7 (Anton Paar Brazil Ltda, São Paulo, Brazil); corrosiveness to copper was in Petrotest® equipment (Petrotes Instruments GmbH & Co. KG, Berlin, Germany); and, the Filter plugging point at cold was measured in Tanaka Scientific Limited AFP-102 (Tanaka Scientific Limited, Tokyo, Japan). The percentage of free and total glycerin, mono- di- and triacylglycerols were obtained on a gas chromatograph with a flame ionization detector GC-FID Varian 3800 (Varian, San Diego, CA, USA) and the methanol content by GC-FID coupled to static headspace, Varian 3900.



The methyl esters were analyzed in GC-FID, GC17A model, equipment Shimadzu with SELECT FAME column, Varian, and on a gas chromatograph GC17A model, with mass detector (GC-MS) QP5000, Shimadzu, column: SP 2560, SUPELCO. The NMR analysis were obtained in the spectrometer Varian Inova 500 (Center for NMR Spectroscopy, Pullman, WA, USA); the infrared analysis in Nicolet, Impact 400 (Nicolet Impact listings on LabX, Markham, Ontario, CA, USA), and thermogravimetric analysis in thermogravimetric balance.




3.2. Plant Material


Almonds of Bombacopsis glabra (Pasq.) Robyns were collected in in June 2003 in Brasilia-DF and stored in paper bags at room temperature. Dr. Carolyn Elinore Barnes of the University of Brasilia—UnB performed the botanical identification and the voucher specimen was deposited in the Herbarium of UnB in the UB 76691 number.




3.3. Extraction and Degumming of Oil for Obtaining Biodiesel


Samples of almonds of B. glabra, after being crushed, were submitted to extraction with hexane by 24 h at room temperature [7]. The oil obtained was degummed with H3PO4 [27]. The oil was preheated to below 60 °C, where 0.1% phosphoric acid (based on the mass of oil used) and NaOH solution (8%), sufficient to neutralize 70–90% of the acid added. Then, 2% water was added, with subsequent heating and formation/decanting of the first gums, which were separated. The latter procedure was repeated, now with 3% water, to remove the remaining gums. The oil was dried with anhydrous sodium sulfate.




3.4. Synthesis of Biodiesel, TLC and 1H-NMR Analysis


The degummed oil with H3PO4 was converted into biodiesel using the alkaline transesterification reaction. Sodium hydroxide was dissolved in methanol and added to the oil in weight ratios of 100:20 (oil:MeOH) [1,20]. Values NaOH used in this process were 0.5, 0.75, and 1.0% in relation to the oil. The mixture was kept under agitation at room temperature for 1 h [36,37,38], posteriorly it was transferred to a separating funnel and the methyl esters were separated from glycerol, washed with water, and dehumidified at 100 °C. The biodiesel obtained was analyzed by TLC of silica gel, eluting with hexane-AcOEt (95:5), and iodine vapor as a dyeing reagent. The reaction yield was calculated for the expression: Yield (%) = (mass of biodiesel/oil mass) × 100.



The conversion percentage of triacylglycerols into methyl esters was determined by GC, as well as by the analysis of the 1H-NMR spectrum from biodiesel dissolved in CDCl3 using the following expression: [image: there is no content], where C = % conversion, [image: there is no content] = integration area of the signal at δ 3.7 of methoxyl hydrogens and [image: there is no content] = integration area of the signal at δ 2.3 from methylene hydrogens α-carbonyl of methyl esters and triacylglycerol [39].




3.5. Physicochemical Characterization, Infrared and Thermogravimetric Analysis of Biodiesel


The physicochemical analysis of biodiesel included: specific mass, kinematic viscosity, water and sediments, bright point, corrosiveness to copper, cold filter plugging point (CFPP), total and free glycerin, mono, di and triacylglycerol, methanol, and oxidation stability were realized according to the standards of the American Society of Testing and Materials (ASTM) and Européen de Normalisation Committee (CEN) as indicated by Resolution 45/2014 of the National Agency of Petroleum, Natural Gas and Biofuels (ANP) [23]. The acid value of biodiesel was determined according to the Analytical standards of the Institute Adolfo Lutz [36]. The viscosity of the biodiesel was performed by the method (ASTM D445).



The infrared spectra of the degummed oil and biodiesel were obtained in the region of 4000–400 cm−1, KBr shares.



The TG/DTG curves of oil extracted with hexane at room temperature, of degummed oil, and biodiesel were obtained in a temperature range of 30 °C to 600 °C at a heating rate of 10 °C/min, in a nitrogen atmosphere with a flow rate of 50 mL/min using an aluminum pan with a hole approximately 0.5 mm in the cap in diameter. The loss of sample mass was determined as the difference between the initial and final mass. The boiling point (temperature “onset”) was considered as the point of intersection of the tangent of mass loss slope with the initial baseline. The product software was used to draw the tangent lines and record the boiling temperature [25,26].




3.6. Tests for Oxidation Stability


The oxidation stability was measured according to EN 14112, where samples of 3 g were analyzed under heating at 110 °C and a constant airflow of 10 L h−1. In Rancimat, the airflow passes through the sample and subsequently bubbled into a flask containing deionized water, dragging the volatile carboxylic acids (degradation product) which solubilize and increase the conductivity of the water. The response elicited is a curve of electrical conductivity vs. time, in which two tangents intersect at a point, corresponding in time scale, the induction period, or oxidation stability [40].



The methyl biodiesel obtained was submitted to treatment with two synthetic antioxidants, TBHQ and BHT, and one of natural source, cashew nut shell liquid (CNSL) in concentrations: 100, 500, 2000, 2500, 5000, 10,000, 100,000, 200,000, and 500,000 ppm.




3.7. Statistical Analysis


With the exception of some physicochemical parameters, other analyzes were performed in triplicate, and presented the mean and standard deviation of the measurements.





4. Conclusions


In this study, Bombacopsis glabra oil, which was extracted at room temperature and degummed with H3PO4, presented an acidity level suitable for conversion into biodiesel.



Methyl biodiesel was obtained for the first time from B. glabra oil through the transesterification process, using the base catalyst (NaOH) with the superb conversion efficiency of triacylglycerols to methyl ester (more than 90% was obtained).



The physico-chemical parameters of biodiesel were in accordance with the limits established by ANP Resolution 45/2014, except for oxidation stability, which was corrected with the addition of antioxidants such as TBHQ and BHT.



The oil of B. glabra proved suitable for the preparation of biodiesel, allowing this species to be included among the oleaginous without technological dominion, such as: “babaçu” (Orbignya phalerata), “macaúba” (Acrocomia intumescens), and “tucum” (Bactris setosa).



The oil of B. glabra is a important oil for biodiesel production because it is not competes with edible oils due the presence of cyclopropenoid fatty acid, although some people eat their almonds.
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