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Abstract

Purpose: To analyze, at a laboratory level, the biodiesel production yield by transesterification of the vegetable oil extracted from
weed species growing in local crop areas in Aguascalientes, Mexico.

Methodological Design: The study evaluated the biodiesel production yield by transesterification of the vegetable oil from the weed
species Bidens ferulifolia (Jacq.) DC., Tithonia tubacformis (Jacq.) Cass., and Bidens sambucifolia (Cav.). Their vegetable oil is

extracted through an L9(34) design using alcohols and alkanes as solvents. Transesterification is conducted under an L4(23) design,
employing NaOH and methanol as a catalyst and excess alcohol, respectively. Raman Spectroscopy and Fourier Transform Infrared

Spectroscopy (FTIR) were used to characterize the biodiesel samples obtained.

Results: In the FTIR and Raman spectra of the obtained biodiesel, peaks were observed at wavenumbers 1740 em™! and 1450 cm'l,

respectively, corresponding to the C=O group of the conventional ester present in the fatty acid methyl esters of the biodiesel. This
confirms that biodiesel was successfully produced from the studied weed species with production yields ranging between 10.3 and
15.3%.

Research limitations: This is one of the first studies to provide information on the biodiesel production capacity of the selected
weed species.

Findings: Biodiesel was successfully produced through transesterifying vegetable oil extracted from the selected weed species.
Further research is warranted to enhance biodiesel yields.

Keywords: Biodiesel, weed species, Bidens ferulifolia (Jacq.) DC., Tithonia tubacformis (Jacq.) Cass., Bidens sambucifolia (Cav.).

Resumen

Objetivo: analizar a nivel laboratorio el rendimiento de produccién de biodiésel por transesterificacion del aceite vegetal extraido de
especies arvenses crecientes en terrenos de cultivos locales en Aguascalientes, México.

Disefio Metodoldgico: ¢l estudio se centré en evaluar el rendimiento de produccién de biodiésel por transesterificacién del aceite
vegetal extraido de las especies arvenses Bidens ferulifolia (Jacq.) DC., Tithonia tubacformis (Jacq.) Cass. y Bidens sambucifolia (Cav.).
La extraccion del aceite se realizé mediante un disefio L9(34) empleando alcoholes y alcanos como solventes. La transesterificacién se
efectué bajo un disenio L4(23 ) empleando NaOH y metanol como catalizador y alcohol en exceso, respectivamente. Las muestras del
biodiésel obtenido fueron caracterizadas por espectroscopia Raman y espectroscopia infrarroja por transformada de Fourier (FTIR).
Resultados: en los espectros de FTIR y de Raman del biodiésel obtenido se observaron picos a un numero de onda de 1740 cm™ yde
1450 cm'l, respectivamente, los cuales corresponden al grupo C=0 del éster convencional presente en los ésteres metilicos de 4cidos
grasos del biodiésel. Lo anterior, confirma que se logré producir biodiésel de las especies arvenses de estudio con rendimientos de
produccién entre 10.3 y 15.3%.

Limitaciones de la investigacion: este es uno de los primeros estudios que aporta informacién sobre la capacidad de produccién de
biodiésel de las especies arvenses seleccionadas.

Hallazgos: se logré producir biodiésel a partir de la transesterificacién del aceite vegetal extraido de las especies arvenses
seleccionadas. No obstante, se justifica la realizacién de futuras investigaciones para mejorar los rendimientos de produccion de
biodiésel.

Palabras clave: Biodiésel, especies arvenses, Bidens ferulifolia (Jacq.) DC., Tithonia tubaeformis (Jacq.) Cass., Bidens
sambucifolia (Cav.).
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INTRODUCTION

Biofuels, primarily first or second-generation, such as biogas, bioethanol, biobutanol, and biodiesel, are
generated from various organic materials that are regenerative, thus considered renewable, eco-friendly, non-
toxic, and biodegradable (Cavelius ez al., 2023). Generally, biofuels can be produced under processes designed
to enhance the processing of the biomass used, for example, through pyrolysis, anacrobic digestion, or
transesterification, among other methods (Campos-Martin ez al., 2020). In this context, Peng ez al. (2020)
highlight the capability of using microalgae to produce biogas through anaerobic digestion, bioethanol
through fermentation, and biodiesel through transesterification. Melendez e al. (2021) report ethanol
production from sugar fermentation from sugarcane or corn. Suzihaque ¢z /. (2022) examine the production
of biodiesel through transesterification from used cooking oil. Specifically, biodiesel is a renewable,
biodegradable biofuel that emits fewer pollutants and is thus considered an alternative energy source to replace
petroleum-based fuels partially (Graziottin e 4/, 2021). Chemically, biodiesel can be produced by
transesterification of triglycerides from vegetable oils or animal fats via a basic or acid catalysis reaction in the
presence of short-chain alcohols like methanol or ethanol (Fazil-Khan ez al., 2020; Woo ez al., 2021; Unruean,
Nomura and Kitiyanan, 2022). Specifically, biodiesel can be manufactured from triglycerides of various
biomasses such as palm, canola, corn, jatropha, sunflower, and jojoba oils (Adekunle ez 4/, 2020; Woo ez 4l.,
2021; Unruean, Nomura, and Kitiyanan, 2022). Commonly, homogeneous catalysts like NaOH, KOH, or
CH3NaO are used to conduct transesterification catalysis because they offer the advantage of high catalytic
activity but also present the disadvantage of potentially forming soaps through saponification reactions
(Unruean, Nomura, and Kitiyanan, 2022). Additionally, reaction conditions (type of catalyst, reaction
temperature, and type of excess alcohol) are crucial for achieving better biodiesel production yields. For
instance, Chamola ez 4/ (2019) achieved conversions of microalgae oil into biodiesel up to 87.4% using
NaOH, 50 °C, and methanol. Onukwuli ez 2/. (2020) obtained conversion yields of Azadiracchta indica seed
oil into biodiesel between 80 and 90% using NaOH, between 55 and 65 °C, and methanol. Hoseini ez 4l.
(2021) reported conversion yields of Chrozophora tinctoria seed oil into biodiesel of 84% using KOH, 45 °C,
and methanol. Jain ez al. (2023) reported conversion yields of 92% from predominantly used cooking oil into
biodiesel using NaOH, 50°C, and methanol. Ramirez ez al. (2023) studied the conversion of recycled vegetable
oil into biodiesel using different concentrations of NaOH and KOH, 55 °C, and methanol, achieving yields
between 78.18 and 93.31%. In this context, vegetable oil derived from weed species could be an option for
biodiesel production. Weed plants, also known as weeds, are wild plants that grow in agricultural fields and are
considered harmful species. Without proper control, they can reduce the yield and quality of crops or act as
hosts for pests and diseases (Negrin e al., 2007; Blanco and Leyva, 2010; Vargas-Batis ¢z a/., 2014). Despite
being temporary species, their abundant presence has been reported in corn or wheat cultivation areas
(Sanchez-Blanco and Guevara-Féfer, 2013; Ahmad ez 4/, 2016; Guzmin-Mendoza et al., 2022). For this
reason, certain species are attributed with a productive potential for biodiesel because they naturally exhibit
high densities per unit area, which allows for significant seed yield values that facilitate the extraction of their
oil and subsequent conversion into biodiesel (Flores-Villamil ez al., 2018). To cite an example, the Argemone
mexicana species shows a potential seed yield of over 200 kg/ha and an oil yield of 1315 kg/ha. (Flores-Villamil
et al., 2018) and where Ashine ez a/. (2023) studied the production of biodiesel from the oil of this species and
achieved a conversion percentage of 99.07%. However, in the state of the art, to date, there have been no
reported studies proposing the use of Bidens ferulifolia (Jacq.) DC., Tithonia tubaeformis (Jacq.) Cass. and
Bidens sambucifolia (Cav.) as productive potential biomasses for biodiesel. This study aimed to analyze, at a
laboratory level, the biodiesel production yield derived from vegetable oil extracted from weed species with
high densities per unit area and annual growth in the State of Aguascalientes, Mexico. Specifically, the
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production of biodiesel from the vegetable oil extracted from the seeds of the weeds Bidens ferulifolia (Jacq.)
DC. (aceitilla amarrilla), T5thonia tubaeformis (Jacq.) Cass. (acahual), and, Bidens sambucifolia (Cav.) (aceitilla
naranja), was studied. NaOH and methanol were used as the catalyst and excess alcohol, respectively. The
characterization of the obtained biodiesel samples was conducted using Raman spectroscopy and Fourier-

transform infrared spectroscopy (FTIR). The article is organized as follows: the first section describes the
techniques used for weed collection, vegetable oil extraction, biodiesel transesterification, and
characterization. The second section details the achieved results and the analysis of the applied
characterization. Finally, the last section presents the conclusions.

METHODOLOGY
Weed Collection

In Aguascalientes, Mexico, the weed species under study exhibit germination cycles shortly after the annual

rainy season, displaying high densities per unit area, which is why they were selected to validate their potential
for biodiesel production. Furthermore, Herndndez-Salazar (2021) estimated that for every 6 kg of B.
ferulifolia, there is a potential seed yield of up to 0.8 kg, providing sufficient biomass for this analysis. The
studied weeds were collected 7z situ during September and October in the years 2020, 2021, and 2022. The
collection took place on the edges of agricultural fields adjacent to the institution hosting the project (latitude
22°09'40.4" N, longitude 102° 16' 27.9" W), and along the roadside of State Highway 90 at kilometer 0+400
(latitude 22° 09' 23.3" N, longitude 102° 16' 33.3" W). Both collection areas are situated in the Municipality of
Pabell6n de Arteaga, Aguascalientes, Mexico (latitude 22° 08' 51.4" N, longitude 102° 16' 45.6" W). In Figure
1, a collection site adjacent to a corn cultivation field, located beside the project headquarters, is depicted. The
weeds share the same growth space in this illustration. The appearance of the freshly harvested studied weeds is
depicted in Figure 2. The B. ferulifolia and B. sambucifolia flowers exhibit a similar physiognomy, differing
from each other by the number and color of the petals. The 7. tubaceformis flower is nearly twice the size of the
B. ferulifolia and B. sambucifolia and resembles sunflowers in its physiognomy. During the harvest of the
weeds, the plants were collected from the root, but only the flowers were separated and subjected to natural
drying in the shade. They were then stored until needed.
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Collection site adjacent to agricultural cultivation fields
Source: Author's own elaboration.
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Figure 2.
Studied weed species. (a) Bidens ferulifolia (Jacq.) DC. (aceitilla amarrilla), (b) Tithonia tubacformis (Jacq.) Cass.
(acahual), and (c) Bidens sambucifolia (Cav.) (aceitilla naranja)

Author's own elaboration

Vegetable Oil Extraction

The vegetable oil from the study weeds was extracted using the Soxhlet extraction technique, as it is the
most commonly used method for extracting essential oils from seeds (Sekhar ez /., 2021; Omeje ez al., 2022).
A 250 mL Soxhlet apparatus (condenser, extraction chamber, and round-bottom flask) and a Lab Companion
HP3100 heating and magnetic stirring plate were utilized in this study. The solvents used were ACS-grade
hexane PM 86.18, ACS-grade butyl alcohol PM 74.12, and 96° potable alcohol (ethyl alcohol). All reagents
were procured from Merck Chemical Co. and used as received. For experimental tests, the receptacle and
androecium of the flower were manually crushed to break down their spherical form and reduce the volume
that the weed seed would occupy in the porous material cartridge (a thimble made of medium-pore filter
paper) of the Soxhlet apparatus, but primarily used to facilitate the penetration of the solvent into the biomass
matrix, allowing it to reach and extract the target oil substance effectively. The experimental tests were

conducted under an orthogonal Taguchi design L9(34) as reported by Gutiérrez-Pulido and De la Vara-
Salazar (2008) and shown in Table 1. The following variables (factors) were established for study: (1) type of
weed species, (2) type of solvent (alcohol or alkane), (3) amount of biomass (weed seed), and (4) year of weed
harvest. Specifically, three levels were established for each factor according to the selected arrangement.
Additionally, other quasi-constant operating variables were established: (2) amount of solvent - 250 mL of
solvent was used in all tests; (b) operating temperature - for each test and depending on the type of solvent, the
temperature was set to the boiling point of the solvent itself, i.e., 69, 119, and 78.29 °C for hexane, butanol,
and ethanol, respectively; (¢) particle size - that of the crushed seed (not measured), and () operating time -
for each test and depending on the type of solvent, the extraction time of vegetable oil from the studied weeds
was determined based on a specific number of siphons until no more vegetable oil was extracted, and the
siphons contained clear liquids (at least 3 consecutive siphons). Upon concluding the Soxhlet extraction time,
a concentrated extract, referred to as residue 1, was observed in the round-bottom flask. Residue 1 had a green
or light-yellow hue (depending on the weed type) and consisted of a mixture of vegetable oil and solvent.
Figure 3 illustrates the resulting appearance of residue 1 from run C1.5. In all tests with hexane, and
depending on the weed species, the Soxhlet extraction times ranged between 40 and 60 minutes. For tests with
ethanol and butanol, the times varied between 160 and 220 minutes, depending on the weed used. Overall, all
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experimental Soxhlet extraction runs produced between 155 and 205 mL of residue 1, depending on the type
of weed and solvent employed. Subsequently, the residue from each experimental run was subjected to a simple
distillation process. This technique has also been used to extract essential oils (Tefera ez a/., 2018; Swathanthra
and Naik, 2022) to purify (separate the solvent) and recover the oil. A Liebig (straight) condenser apparatus of
300 mm, a 250 mL round-bottom flask, and a Lab Companion HP3100 heating and magnetic stirring plate
were used. The distillation operation aimed to remove the excess solvent present in residue 1, obtaining only
the vegetable oil from the studied weeds. Distillation took place for average times between 30 and 45 minutes
until reaching a second extract, referred to as residue 2, which contains a higher concentration of vegetable oil
and a darker green or yellow color. Distillation temperatures were by the boiling point of the employed
solvent. The appearance of residue 2 from run C1.5 is shown in Figure 4.0n average, all experimental runs —in
their distillation stage— produced between 10.5 and 19.5 mL of residue 2 (depending on the type of weed and
solvent used). Residue 2 underwent transesterification tests. For this purpose, each run was repeated until a
sufficient volume of residue 2 for the conversion reactions was accumulated.
Table 1

Factors and experimental levels used in the L9(34) study design

Run  Specie Solvent (S;)e d Quantity Harvest year
CL.1 B ferulifolia Ethanol 10.0 2020
C1.2 B ferulifolia Hexane 12.5 2021
CL1.3 B ferulifolia Butanol 15.0 2022
Cl.4 T tubacformis Ethanol 12.5 2022
CL1.5 T tubacformis Hexane 15.0 2020
C1.6 T tubacformis Butanol 10.0 2021
C1.7 B.sambucifolia Ethanol 15.0 2021
C1.8 B.sambucifolia Hexane 10.0 2022
C1.9 B.sambucifolia Butanol 12.5 2020

Source: Author’s own elaboration
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Figure 3.
The appearance of residue 1 resulting from the Soxhlet extraction of run C1.5
Source: Author's own elaboration.
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Figure 4.

The appearance of the concentrated residue 2 resulting from the distillation of residue 1 from run C1.5 (accumulated

from multiple distillations)
Source: Author's own elaboration.

Yields of Obtained Biodiesel

The biodiesel yield (%) was calculated using Equation (1) as reported by Kili¢ e /. (2013), Bateni ez al.
(2014), Bateni and Karimi (2016), and Rodriguez-Bustamante ez a/. (2022).

. , Produced biodiesel (mL)
Biodiesel yield (%) = Raw oil (mL) X 100

(1)

Transesterification of Weed Specie

10



ENTRECIENCIAS: DIALOGOS EN LA SOCIEDAD DEL Co..., 2024, voL. 12, NUM. 26, JANUARY-DECEMBER, / ISSN-E: 2007-8064

The transesterification process was realized through chemical reactions to obtain alkyl esters of fatty acids
derived from the vegetable oil obtained in the extraction and distillation tests (residue 2). The
transesterification methodology was defined based on the work of Chamola et al. (2019), Onukwuli et al.
(2020), Hoseini et al. (2021), Jain et al. (2023), and Ramirez et al. (2023). NaOH solution 50% in H20
(industrial grade, PM 40.0, p=1.52 g/mL) was used as a catalyst, and ACS grade methanol (PM 32.04) was
used as the excess alcohol. The reagents were procured from Golden Bell Reactivos and used as received.
Transesterification reactions were conducted in triplicate under an orthogonal Taguchi design L4(23) as
reported by Gutiérrez-Pulido and De la Vara-Salazar (2008), with the following variables (factors): (1) volume
of vegetable oil (mL), (2) volume of excess alcohol (mL), and (3) volume of the catalyst (uL). Two levels were
set for each factor. Table 2 specifies the factors and experimental levels defined for the transesterification
reactions. To carry out the reactions, a 100 mL glass reactor (precipitation beaker) equipped with a Brannan
Lo-Tox Blue immersion thermometer and a Lab Companion HP3100 heating and magnetic stirring plate was
used. To determine the quantities of excess alcohol and catalyst, the recipe for producing biodiesel from virgin
vegetable oil defined by Varty and Lishawa (n.d.) was employed. The following methodology was used in all
transesterification experimental tests. Firstly, the volume of vegetable oil was heated to a temperature of 55 +1
°C, and once the working temperature was reached, magnetic stirring was applied (at a turbulent regime of
100 rpm to ensure homogeneous mixing), and immediately excess alcohol followed by the catalyst was added.
The complete reaction was maintained for 30 minutes. After the operation time, the final liquid residue was
allowed to settle for 48 hours in a separation funnel. At the end of the resting period, the formation of two or
three layers was observed, clearly separated by density differences. These layers correspond to byproducts of
the transesterification process, such as glycerin (also called glycerol) and the biodiesel itself (Vévra, Hajek, and
Kocidn, 2021; Menéndez et al,, 2023; Analuisa et al., 2024). At this stage, two or three layers were identified:
(a) a lower first layer that mostly corresponded to the formation of glycerin with some traces of concentrated
saponified compounds, (b) an intermediate second layer that is a mixture of glycerin and other obtained
saponification compounds, and (c) an upper third layer (the one of interest) where the achieved biodiesel was
deposited. After the separation time, only the upper layer of interest (liquid with a pH between 10.0 and 11.0)
was collected, and it underwent a washing test with distilled water to remove the excess unreacted catalyst,
saponified residues still present, and reach a neutral pH. Finally, any trace of water was separated from the
resulting final liquid. The final product was characterized. The appearance of the transesterification reaction
from run C2.2 using ragweed vegetable oil is shown in Figure 5.

Table 2.

Factors and experimental levels used in transesterification

Run Vegetable oil Excess alcohol Catalyst
volume (mL) volume (mL) volume (mL)

C2.1 200 4.0 46.0

C2.2 200 6.0 69.0

C2.3  30.0 4.0 69.0

C2.4 300 6.0 46.0

Source: Author’s own elaboration
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Figure S.
Transesterification reaction from run C2.2 with T. tubaeformis vegetable oil obtained from run C1.5
Source: Author's own elaboration.

Characterization of biodiesel samples

The obtained biodiesel samples were characterized using Fourier-Transform Infrared Spectroscopy (FTIR)
and Raman Spectroscopy techniques. Infrared spectra of all biodiesel samples were obtained using an Agilent

Cary 670 FTIR spectrophotometer. The infrared spectra were recorded in the range of 3500-500 em’! with a

resolution of 0.1 cm™! and 20 scans. Isobutanol was used to clean and purify the crystal of the equipment
between each measurement, and the results of each scan were processed with the equipment's proprietary
computer software. Raman spectra were obtained using a Micro Raman system with an excitation wavelength

of 632.8 nm and recorded in the range of 3500-500 cm’! with a resolution of 1 cm™!. In both instruments, the
samples were analyzed without any prior treatment.

RESULTS AND DISCUSSION

Weed-to-Biodiesel Tests
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For this study, the number of layers formed was established as the first indication of biodiesel production.
Specifically, weeds treated with hexane and butanol solvents displayed three separation layers, while those
treated with ethanol only showed two layers. These results can be explained in terms of the polar or non-polar
nature of the solvents used during the extraction stage. Predominantly, vegetable oils are considered non-polar,
even though they may contain slight traces of polar compounds (Ramirez-Botero ez 4/., 2012) On the other
hand, hexane and ethanol are non-polar and polar solvents, respectively (Calle-Chumo ez 4/, 2023). In the
case of butanol, it is mainly considered non-polar due to its predominant long C4Hg chain although it can also
behave slightly as a polar compound due to the OH group in its molecule (ChemicalBook, 2024). This is why
hexane and butanol were able to extract the triglycerides from the vegetable oil in the seeds of the studied weed
species with greater dissolution affinity, ultimately resulting in the formation of sufficient biodiesel esters
relative to the three layers of interest. Figure 6 shows two samples with three layers. Only experiments
resulting in three separation layers underwent washing tests. The washing process is one of the main wet
purification methods for biodiesel, which effectively removes excess catalysts and other impurities present in
the samples. This operation is characterized by requiring several washing cycles to achieve neutrality. It is easy
to implement because, throughout the process, the wash water settles at the bottom while the biodiesel
remains on the surface (Polishchuk ez 4/, 2020). Consequently, in this study, the physical property of
immiscibility of the sample during the washing tests was established as the second indicator of biodiesel
production. Only samples initially treated with hexane (from the extraction stage) showed immiscibility with
the washing water. All experiments conducted with butanol were miscible with the washing water. In this
latter case, even though three layers of separation were previously observed, the polar part of the butanol
molecule played a decisive role in causing the biodiesel samples associated with this alcohol to completely
dissolve in the wash water (as a polar compound). This highlights the complex interactions between the
chemical nature of the solvents used in biodiesel production and their behavior during purification processes.
An example of an experimental sample resulting in immiscibility is shown in Figure 7, where the separation of
liquids is observed. All immiscible samples underwent spectroscopic analysis, so only weeds subjected to
extraction with hexane were characterized.
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Figure 6.
Test resulting in three layers and treated with hexane. (a) 7. tubaeformis biodiesel obtained from runs C1.5 and C2.2,
and (b) B. ferulifolia biodiesel obtained from runs C1.2 and C2.2

Source: Author's own elaboration.
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Figure 7.
Immiscible sample of B. ferulifolia biodiesel obtained from runs C1.2 and C2.2

Source: Author's own elaboration.

Characterization of Weed Biodiesel Samples

Every one FTIR and Raman spectra of the final biodiesel samples were analyzed. The FTIR spectra of B.
ferulifolia (aceitilla amarrilla), 7. tubaeformis (acahual), and, B. sambucifolia (aceitilla naranja), both from their
vegetable oil and the biodiesel obtained, are shown in Figures 8, 9, and 10, respectively. Analyzing Figure 8, the
characteristic biodiesel peak at 1740 cm’! is observed, corresponding to the stretching of the C=0 in the
methyl esters of fatty acids present in biodiesel (Lafont ez 4/., 2011; Tariq ez 4., 2011; O'Donnell ez al., 2013;

Cunha ez al., 2017; Atabani ez al., 2019; Kamaronzaman et 4/., 2020). Additionally, a peak at 1693 cmLin the
vegetable oil spectrum corresponds to the stretching of the carbonyl group C=0 (Gore, 1972; Bacten et al.,
2005; Silverstein ez al., 2005; Concha-Herrera ez al., 2009) present to the carbonyl group in the triglycerides
of the vegetable oil samples. These two peaks were the most characteristic identified in each of the spectra.

Specifically, the absence of the peak at 1693 cm™! in the biodiesel spectra confirmed the conversion of the
vegetable oil from the studied weed species into the desired biofuel. In the case of Figure 9, the same signals at
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1740 and 1693 cm™ were observed. For Figure 10, the biodiesel peak at 1740 em! s clearly shown, but there
is also a peak at approximately ~1702 cm'l, which, due to its location, corresponds to the C=0 of the

triglycerides in the vegetable oil. In general, the analysis and comparison of the FTIR spectra of the biodiesel
and the vegetable oil —from each of the study weeds— confirmed that biodiesel was successfully obtained using

the proposed methodology. In Table 3, other bands and peaks present in the FTIR spectra of the study samples
are described. On the other hand, Figure 11 displays the Raman spectra of vegetable oil and biodiesel from B.
ferulifolia. The vibrations of the functional groups present in the Raman spectra are specified in Table 4.

Analyze Figure 11, Raman vibrations in 1000 to 1750 cm! region are observed in the biodiesel spectrum but
absent in the vegetable oil spectrum, indicating the conversion of vegetable oil into biodiesel. The main signal

is the vibration at 1450 cm’! corresponding to the stretching of the methyl ester C=0 in biodiesel (Socrates,
2001; Firdous e al., 2016). The Raman spectra of 7. tubaeformis and B. sambucifolia are shown in Figure 12.
The Raman spectra of these two weeds (in comparison with the spectrum of B. ferulifolia) were affected by a
very high fluorescence background, which prevented the visibility of the Raman peaks in the samples. In the
case of T. tubaeformis, there are no visible Raman peaks, while in B. sambucifolia, they are almost
imperceptible. This is because the photons from the excitation laser in the Raman system have enough energy
to generate the phenomenon of fluorescence more efficiently.
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Figure 8.
FTIR of vegetable oil (Oil) [obtained from run C1.2] and biodiesel (Bio) [obtained from run C2.2] from B. ferulifolia

Source: Author's own elaboration.
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Figure 9.
FTIR of vegetable oil (Oil) [obtained from run C1.5] and biodiesel (Bio) [obtained from run C2.2] from 7. tubaeformis

Source: Author's own elaboration.
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Figure 10.
FTIR of vegetable oil (Oil) [obtained from run C1.8] and biodiesel (Bio) [obtained from run C2.2] from B. sambucifolia

Source: Author's own elaboration.
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Table 3.
FTIR frequencies of common functional groups present in biodiesel samples obtained from B. ferulifolia, T. tubaeformis,
and B. sambucifolia

Frequency
Type of functional group vibration
(cm™)
2848-2955  Stretching of CH; and CH, aliphatic groups
1461 Bending in the CH, plane
1377 Asymmetric stretching of CH,
1235-1261 Asymmetric stretching of C—O-C
1170 Stretching and bending of C—-CO-C
873 Stretching of C=0
728 Stretching of CH,

720 Bending in the CH, plane

Source: Author’s own elaboration
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Source: Author's own elaboration.

Table 4

1500 1000

500

Raman vibrations of present functional groups present in B. ferulifolia biodiesel spectra

iif?)n Type of functional group vibration f;::::;ln:? ¢
2850-2950  Combination of C—H stretches Vegetable oil
2940 Asymmetric stretching CH; Biodiesel
2890 Stretching CH Biodiesel
2860 Symmetric stretching CH» Biodiesel
1535 Stretching C=C Oil and Bio
1450 Methyl ester C=0 attached to asym. CH3 def. vibration Biodiesel
1195 —~C(CH3)3 skeletal vibration Biodiesel
1165 Stretching C-C Oil and Bio
1014 Rocking -CH3 Biodiesel

Source: Author’s own elaboration
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Figure 12.
Comparison of Raman spectra of biodiesel from B. ferulifolia (Bio B.f.), T. tubaeformis (Bio T. t.), and B. sambucifolia
(Bio B.s.)

Source: Author's own elaboration.
Biodiesel Yield Percentages

In Table 5, the average biodiesel yield percentages obtained under the proposed study methodology are
described. For any weed (regardless of the year of its harvest) treated with hexane —from the extraction stage—
biodiesel was efficiently obtained with average yields ranging from 10.3 to 15.3%. No other study was found in
the literature has analyzed the biodiesel production potential of the selected weed species as done in this work.
However, other studies using NaOH as a catalyst reported biodiesel production yields above 80% (Chamola ez
al., 2019; Onukwuli ez 4/., 2020; Jain ez al., 2023; Ramirez ez al., 2023). Therefore, while the objective of
producing biodiesel was achieved in this study, further analysis of operating conditions is necessary to optimize
the process. For example, using a heterogeneous catalyst, employing purer solvents, establishing different
experimental designs, and performing a pretreatment on the seed to facilitate greater solvent penetration into
the seed's cellular matrix could be considered. Figure 13 illustrates the final appearance of the biodiesel
obtained from each weed. In the case of biodiesel from B. ferulifolia and T. tubaeformis, their yellow colors
were very similar, ranging from honey-yellow to canary-yellow. Conversely, the color of the biodiesel from B.
sambucifolia resulted in a brownish hue.
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Table S
Average Biodiesel Yields Produced

Seed quantity ~ Amount of produced

Weed (2) biodiesel (mL) Biodiesel yield (%)
B. sambucifolia 10.0 2.6 10.3
B. ferulifolia 12.5 3.4 13.5
T. tubaeformis 15.0 3.7 15.3

Source: Author’s own elaboration.

Figure 13.
The appearance of biodiesel obtained from weeds (a) B. ferulifolia, (b) T. tubaeformis, and (c) B. sambucifolia

Source: Author's own elaboration.

CONCLUSIONS

Through the proposed methodology, biodiesel was successtully obtained from the vegetable oil of the weed
species Bidens ferulifolia (Jacq.) DC. (aceitilla amarrilla), Tithonia tubacformis (Jacq.) Cass. (acahual) and
Bidens sambucifolia (Cav.) (aceitilla naranja). This was achieved using hexane as the solvent, NaOH as the
catalyst, methanol as the excess alcohol, a transesterification temperature of 55 +1°C, stirring at 100 rpm, an

L9(34) design for the extraction, and an L4(2%) design for the transesterification. In the case of samples treated
with hexane from the extraction, three separation layers were observed, immiscibility with the wash water, and
FTIR and Raman spectroscopy analysis confirmed the production of characteristic biodiesel esters. On the
other hand, biodiesel was not obtained using ethanol and butanol solvents under the established operating
conditions. On average, biodiesel yield percentages ranged between 10.3 and 15.3%. FTIR characterization

confirmed the production of biodiesel, as a peak at 1740 em’! corresponding to the carbonyl group (C=0) of
the methyl esters present in biodiesel was observed. Raman characterization also confirmed the production of

the biofuel due to the presence of vibration at 1450 cm™ corresponding to the methyl ester C=0 stretch of
biodiesel. However, the proposed methodology needs to be optimized to achieve better yields through the use
of a different catalyst, employing purer solvents, defining other experimental designs, and providing pre-
treatment to the seed before oil extraction (future work).

22



ENTRECIENCIAS: DIALOGOS EN LA SOCIEDAD DEL Co..., 2024, voL. 12, NUM. 26, JANUARY-DECEMBER, / ISSN-E: 2007-8064

Acknowledgments

José Alonso Dena Aguilar would like to express gratitude to Tecnoldgico Nacional de México (TecNM) for
the financial support received through project 11474.21-P: “Study to obtain biodiesel from weed species from
local crop fields” (2021 Scientific Research Project Call from TecNM). José Alonso Dena Aguilar is
particularly thankful to CONAHCYT (Méx.) for their support through postdoctoral stay grants EPM ID
1086950 and 270828, contributing to the completion of this research. The authors acknowledge the financial
and academic support from Instituto Tecnoldgico de Pabellon de Arteaga for conducting this research. Special
thanks to Fitima Ailema Veloz Rosales, Luis Fernando Hernandez Salazar, Michell Alejandra Salas Vazquez,
Lizbeth Arely Ovalle Ruvalcaba, and Naidelyn Nicole Dena Rangel for their technical assistance in project
development. The authors appreciate the technical support in characterization from Centro de

Investigaciones en Optica A.C. (CIO)

REFERENCES

Adekunle, A. S., Oyekunle, J. A. O., Oduwale, A. I., Owootomo, Y., Obisesan, O. R., Elugoke, S. E., Durodola,
S. S., Akintunde, S. B., and Oluwafemi, O. S. (2020). Biodiesel potential of used vegetable oils
transesterified with biological catalysts. Energy Reports, 6, 2861-2871. DOI: https://doi.org/10.1016/
j.egyr.2020.10.019

Ahmad, Z., Mulk-K., S., Abd_Allah, E. F., Abdullah-A., A., and Hashem, A. (2016). Weed species
composition and distribution pattern in the maize crop under the influence of edaphic factors and

farming practices: A case study from Mardan, Pakistan. Saudi Journal of Biological Sciences, 23, 741-748.
DOI: http://dx.doi.org/10.1016/j.5jbs.2016.07.001

Analuisa-Mero, S. J., Moreno-Ponce, L. A., Garcia-Muentes, S. A., Cevallos-Cedeiio, R. E., and Garcia-Bowen,
A. M. (2024). Obtaining glycerol from the transesterification of used edible oils. Minerva Journal, 5(13),
69-78. DOL: https://doi.org/10.47460/minerva.v5il3.153

Atabani, A. E,, Shobana, S., Mohammed, M. N., Uguz, G., Kumar, G., Arvindnarayan, S., Aslam, M., and Al-
Muhtaseb, A. H. (2019). Integrated valorization of waste cooking oil and spent coffee grounds for
biodiesel production: Blending with higher alcohols, FT-IR, TGA, DSC and NMR characterizations.
Fuel, 244, 419-430. DOI: https://doi.org/10.1016/j.fuel.2019.01.169

Ashine, F,, Kiflie, Z., Prabhu, S. V., Tizazu, B. Z., Varadharajan, V., Rajasimman, M., Joo, S.-W., Vasseghian,
Y., and Jayakumar, M. (2023). Biodiesel production from Argemone mexicana oil using chicken eggshell-
derived CaO catalyst. Fuel, 332 (Part 2),126166. DOI: https://doi.org/10.1016/j.fuel.2022.126166

Baeten, V., Ferndndez-Pierna, J. A., Dardenne, P., Meurens, M., Garcia-Gonzélez, D. L., and Aparicio-Ruiz, R.
(2005). Detection of the presence of hazelnut oil in olive oil by FT-Raman and FT-MIR spectroscopy.
Journal of Agricultural and Food Chemistry, 53, 6201-6206. DOI: 10.1021/jf050595n

Bateni, H., Karimi, K., Zamani, A., and Benakashani, F. (2014). Castor plant for biodiesel, biogas, and ethanol
production with a biorefinery processing perspective. Applied Energy, 136, 14-22. DOI: http://
dx.doi.org/10.1016/j.apenergy.2014.09.005

Bateni, H., and Karimi, K. (2016). Biodiesel production from castor plant integrating ethanol production via a

biorefinery approach. Chemical Engineering Research and Design, 107, 4-12. DOI: https://doi.org/
10.1016/j.cherd.2015.08.014

23


https://doi.org/10.1016/j.egyr.2020.10.019
http://dx.doi.org/10.1016/j.sjbs.2016.07.001
https://doi.org/10.47460/minerva.v5i13.153
https://doi.org/10.1016/j.fuel.2019.01.169
https://doi.org/10.1016/j.fuel.2022.126166
http://dx.doi.org/10.1016/j.apenergy.2014.09.005
https://doi.org/10.1016/j.cherd.2015.08.014

Jost ALONSO DENA AGUILAR, ARTURO Diaz PoNcE, CLAUDIO FRAUSTO REYES, ET AL. STUDY OF BIODIESEL PRODUCTION F...

Blanco, Y., and Leyva, A. (2010). Abundancia y diversidad de especies de arvenses en el cultivo de maiz (Zea
mays, L.) precedido de un barbecho transitorio después de la papa (Solanum tuberosum L.). Cultivos
tropicales, 31(2), 12-16. Retrieved from http://hdl.handle.net/10261/226100

Calle-Chumo, R. N,, Calle-Chumo, D. A., Gallegos-Peredo, A. S., and Jarrin-Oseguera, P. I. (2023). Influence
of the solvent on the extraction of phenolic compounds from coffee grounds via Soxhlet leaching,
Ingenieria e Investigacién, 43(1), €97521. DOI: http://doi.org/10.15446/ing.investig.97521

Campos-Martin, J. M., Chica, A., Domine, M. E., Garcia, T., Pawelec, B., Pinilla, J. L., Rojas, S., Serra, J. M.,
and Suelves, L. (2020). Biofuels. Boletin del Grupo Espariol del Carbon, 58, 38-44. Retrieved from heep://
hdl.handle.net/10261/226100

Cavelius, P., Engelhart-Straub, S., Mehlmer, N., Lercher, J., Awad, D., and Briick, T. (2023). The potential of
biofuels from first to fourth generation. PLoS Biology, 21(3), €3002063. DOI: https://doi.org/10.1371/
journal.pbio.3002063

Chamola, R., Fazil-Khan, M., Raj, A., Verma, M., and Jain, S. (2019). Response surface methodology based
optimized of in situ transesterification of dry algae with methanol, H2SO4 and NaOH. Fuel, 239,
511-520. DOIL: https://doi.org/10.1016/j.fucl 2018.11.038

ChemicalBook. (June 3, 2024). The polarity analysis of 1-Butanol. Retrieved from hteps://
www.chemicalbook.com/article/the-polarity-analysis-of-1-butanol.htm

Concha-Herrera, V., Lerma-Garcia, M. J., Herrero-Martinez, J. M., and Simé-Alfonso, E. F. (2009).
Prediction of the genetic variety of extra virgin olive oils produced at La Comunitat Valenciana, Spain, by
Fourier transform infrared spectroscopy. Journal of Agricultural and Food Chemistry, 57, 9985-9989.
DOI: 10.1021/jf901730p

Cunha, C. L, Luna, A. S., Oliveira, R. C. G., Xavier, G. M., Paredes, M. L. L., and Torres, A. R. (2017).
Predicting the properties of biodiesel and its blends using mid-FT-IR spectroscopy and first-order
multivariate calibration. Fuel, 204, 185-194. DOI: http://dx.doi.org/10.1016/j.fuel.2017.05.057

Fazil-Khan, M., Garg, A., Jain, S., Dwivedi, G., and Verma, T. N. (2020). Optimization of low-temperature
transesterification of low FFA blend of sunflower oil and algae oil. Fuel, 118559. DOI: https://doi.org/
10.1016/j.ﬁ1€1.2020.1 18459

Firdous, S., Anwar, S., Waheed, A., and Maraj, M. (2016). Optical characterization of pure vegetable oils and
their biodiesels using Raman spectroscopy. Laser Physics, 26, 046001. DOI: 10.1088/1054-660X/
26/4/046001

Flores-Villamil, M. A., Méndez-Gallegos, S. de J., Garcia-Herrera, E. J., Amante-Orozco, A., Gémez-Gonzélez,
A., Cabral-Arrellano, F. J., and Vasco-Leal, J. F. (2018). Plantas silvestres del centro-norte de México con

potencial para la produccién de aceite. Revista Mexicana de Ciencias Agricolas, 9(7), 1363-1376. DOLI:
https://doi.org/10.29312/remexca.v9i7.1672

Gore, R. C. (1972). Infrared spectral interpretation. USA: J. Huley Associates.

Graziottin, P. L., Rosset, M., Lima, D. dos S., and Perez-Lopez, O. W. (2020). Transesterification of different
vegetable oils using eggshells from various sources as catalyst. Vibrational Spectroscopy, 103087. DOI:
10.1016/j.vibspec.2020.103087

Gutiérrez-Pulido, H, and De la Vara-Salazar, R. (2008). Andlisis y disesio de experimentos. (2* edicién). México:
McGraw-Hill Interamericana.

Guzmain-Mendoza, R., Herndndez-Herndndez, V., Salas-Araiza, M. D., and Nufez-Palenius, H. G. (2022).
Diversity of weed species in three monocultures from Bajio, Mexico. Polibotinica, S3(27), 69-85. DOL:
https://doi.org/10.18387/polibotanica.53.5

24


http://hdl.handle.net/10261/226100
http://doi.org/10.15446/ing.investig.97521
http://hdl.handle.net/10261/226100
https://doi.org/10.1371/journal.pbio.3002063
https://doi.org/10.1016/j.fuel.2018.11.038
https://www.chemicalbook.com/article/the-polarity-analysis-of-1-butanol.htm
http://dx.doi.org/10.1016/j.fuel.2017.05.057
https://doi.org/10.1016/j.fuel.2020.118459
https://doi.org/10.29312/remexca.v9i7.1672
https://doi.org/10.18387/polibotanica.53.5

ENTRECIENCIAS: DIALOGOS EN LA SOCIEDAD DEL Co..., 2024, voL. 12, NUM. 26, JANUARY-DECEMBER, / ISSN-E: 2007-8064

Hernéndez-Salazar, L. F. (2021). Disesio de un proceso a escala de laboratorio de transesterificacion de aceite
vegetal de malezas: andlisis por disesios experimentales (Tesis de pregrado). Tecnolégico Nacional de
M¢éxico Campus Pabellén de Arteaga, Pabellén de Arteaga, Aguascalientes, Méx.

Hoseini, S. S., Najafi, G., Moazzez, A. F., Hazrati, S., Ebadi, M. T., and Yusaf, T. (2020). Potential of
Chrozophora tinctoria seed oil as a biodiesel resource. Applied Sciences, 10, 3473. DOI: 10.3390/
app10103473

Jain, S., Kumar, N., Singh, V. P., Mishra, S., Sharma, N. K., Bajaj, M., and Khan, T. M. Y. (2023).
Transesterification of algae oil and little amount of waste cooking oil blend at low temperature in the

presence of NaOH. Energies, 16,1293. DOI: https://doi.org/10.3390/en16031293

Kamaronzaman, M. F. F., Kahar, H., Hassan, N., Hanafi, M. F., and Sapawe, N. (2020). Analysis of biodiesel
product derived from waste cooking oil using fourier transform infrared spectroscopy. Materials today:

proceedings, 31,329-332. DOI: https://doi.org/10.1016/j.matpr.2020.06.088

Kili¢, M., Uzun, B. B., Piitiin, E., and Piitiin, A. E. (2013). Optimization of biodiesel production from castor
oil using factorial design. Fuel Processing Technology, 111, 105-110. DOI: http://dx.doi.org/10.1016/
j-fuproc.2012.05.032

Lafont, J. J., Pdez, M. S., and Torres, Y. C. (2011). Chemical Analysis of mixtures of biodiesel from used
cooking oil and diesel by infrared spectroscopy. Informacion Tecnoldgica, 22(4), 35-42. DOI: 10.4067/
S0718-07642011000400005

Melendez, J. R., Velasquez-Rivera, J., El Salous, A., and Penalver, A. (2021). Gestién para la produccion de
biocombustibles 2G: revisién del escenario tecnoldgico y econdémico. Revista Venezolana de Gerencia,

26(93),78-91. DOI: hteps://doi.org/10.52080/rvg93.07

Menéndez, A., Quinonez, N., Garcfa, S., Garcfa, G., and Garcfa, A. (2023). Obtencién y purificacién de
glicerina mediante la transesterificacién a partir de grasa residual de los asaderos de pollo. MQRInvestigar,

7(1), 3-17. DOL: https://doi.org/10.56048/MQR20225.7.1.2023.3-17

Negrin, B. A., Pérez, R., Mazorra, C., and Gutiérrez, 1. (2007). Biological control of weeds on guava (Psidium
guajava) plantations through covers of leguminous. Avances en Investigacion Agropecuaria, 11(2), 57-69.
Retrieved from http://www.redalyc.org/articulo.oa?id=83711206

O’Donnell, S., Demshemino, L., Yahaya, M., Nwadike, L., and Okoro, L. (2013). A review on the spectroscopy
analyses of biodiesel. European International Journal of Science and Technology, 2(7), 137-146. Retrieved
from https://www.academia.edu/7503887/A_review_on_the_Spectroscopic_Analyses_of_Biodiesel

Omeje, K. O., Ezema, B. O., Ozioko, J. N., Omeje, H. C., Ossai, E. C,, Eze, S. O. O., Okpala, C. O. R, and
Korzeniowska, M. (2022). Biochemical characterization of Soxhlet-extracted pulp oil of Canarium
schweinfurthii Engl. fruit in Nigeria. Scientific Reports, 12, 10291. DOI: https://doi.org/10.1038/
$41598-022-14381-w

Onukwuli, D. O., Umeuzuegbu, J. C., U. de, C. N., and Nwobi-Okoye, C. C. (2020). Homogeneous catalyzed
transesterification of neem seed oil to biodiesel and its kinetic modeling. Biofuels, Bioproducts &
Biorefining. DOI: 10.1002/bbb.2171

Peng, L., Fu, D., Chu, H., Wang, Z., and Qi, H. (2020). Biofuel production from microalgae: a review.
Environmental Chemistry Letters, 18,285-297. DOI: https://doi.org/10.1007/5s10311-019-00939-0

Polishchuk, V., Tarasenko, S., Antypov, 1., Kozak, N., Zhyltsov, A., and Bereziuk, A. (2020). Investigation of
the efficiency of wet biodiesel purification. E3S Web of Conferences ICoRES 2019, 154, 02006. DOI:
hteps://doi.org/10.1051/e3sconf/202015402006

Ramirez, ]., Buestan, L., Lépez-Maldonado, E. A. and Pinos-Vélez, V. (2023). Preparation and
physicochemical characterization of biodiesel from recycled vegetable oil in Cuenca, Ecuador by

25


https://doi.org/10.3390/en16031293
https://doi.org/10.1016/j.matpr.2020.06.088
http://dx.doi.org/10.1016/j.fuproc.2012.05.032
https://doi.org/10.52080/rvg93.07
https://doi.org/10.56048/MQR20225.7.1.2023.3-17
http://www.redalyc.org/articulo.oa?id=83711206
https://www.academia.edu/7503887/A_review_on_the_Spectroscopic_Analyses_of_Biodiesel
https://doi.org/10.1038/s41598-022-14381-w
https://doi.org/10.1007/s10311-019-00939-0
https://doi.org/10.1051/e3sconf/202015402006

Jost ALONSO DENA AGUILAR, ARTURO Diaz PoNcE, CLAUDIO FRAUSTO REYES, ET AL. STUDY OF BIODIESEL PRODUCTION F...

transesterification catalyzed by KOH and NaOH. Eng, 4, 954-963. DOI: https://doi.org/10.3390/
eng4010056

Ramirez-Botero, C. M., Gémez-Ramirez, B. D., Suaterna-Hurtado, A. C., Martinez-Galdn, J. P., Cardona-
Zuleta, L. M., and Rojano, B. A. (2012). Contenido de compuestos polares totales en aceites de cocina
previo uso més vendidos en Medellin (Colombi). Perspectivas en Nutricién Humana, 14(1), 59-69. DOL:
https://doi.org/10.17533/udea.penh.10958

Rodriguez-Bustamante, J. L., Meza-Gago, D. J., and Gutiérrez-Rodriguez, I. C. (2022). Biodiesel production
performance by transesterification from used soybean oil. Fides Et Ratio, 23(23), 149-175. Retrieved
from http://www.scielo.org.bo/pdf/rter/v23n23/v23n23_a08.pdf

Sénchez-Blanco, J., and Guevara-Féfer, F. (2013). Plantas arvenses asociadas a cultivos de maiz de temporal en
suelos salinos de la ribera del lago de Cuitzeo, Michoacdn, México. Acta Botdnica Mexicana, 105,

107-129. Retrieved from http://hdlLhandle.net/11336/25791

Sekhar, S. C., Karuppasamy, K., Vedaraman, N., Sathyamurthy, R., Vijayabalan, P., Elshickh, A,
Nadanakumar, V., and Manokar, A. M. (2021). Process optimization and characterization of manila
tamarind seed oil extracted by the Soxhlet method. International Journal of Energy for a Clean
Environment, 22(1), 31-52. DOI: 10.1615/InterJEnerCleanEnv.2020034890

Silverstein, R. M., Webster, F. X., and Kiemle, D. J. (2005). Spectrometric identification of organic compounds.
(7th ed.). USA:Wiley.

Socrates, G. (2001). Infrared and Raman characteristic group frequencies: tables and charts. (3rd ed.). UK:
Wiley.

Suzihaque, M. U. H., Alwi, H., Kalthum-Ibrahim, U., Abdullah, S., and Haron, N. (2022). Biodiesel
production from waste cooking oil: a brief review. Materials Today: Proceedings, 63, $490-S495. DOI:
https://doi.org/10.1016/j.matpr.2022.04.527

Swathanthra, P. A., and Naik, M. M. (2022). Extraction of D-Limonene from sweet orange peels using simple
distillation. International Journal of Research and Analytical Reviews, 9(3), 303-309. Retrieved from
https://ijrar.org/papers/[JRAR22C2022.pdf

Tarig, M., Ali, S., Ahmad, F., Ahmad, M., Zafar, M., Khalid, N. and Khan, M. A. (2011). Identification, FT-
IR, NMR (1H and 13C) and GC/MS studies of fatty acid methyl esters in biodiesel from rocket seed oil.
Fuel Processing Technology, 92, 336-341. DOI: 10.1016/j.fuproc.2010.09.025

Tefera, T., Tesfaye, B., Misikir, O., and Tsegaye, G. (2018). Extraction and comparison of essential oil from
neem seed by using Soxhlet extraction and simple distillation methods. International Journal of

Engineering Technologies and Management Research, 5(9), 74-81. DOI: 10.5281/zenodo.1455798

Unruean, P., Nomura, K., and Kitiyanan, B. (2022). High conversion of CaO-catalyzed transesterification of
vegetable oils with ethanol. Journal of Oleo Science, 71(7), 1051-1062. DOI: 10.5650/jos.ess21374

Vargas-Batis, B., Pupo-Blanco, Y. G., Fajardo-Rosabal, L., Puertas-Arias, A. L., and Rizo-Mustelier, M. (2014).
Risk and benefits of three weed species in agricultural ecosystems. Ciencia en su PC, 1, 27-37. Retrieved
from http://www.redalyc.org/articulo.oa?id=181331235003

Varty, A. K., y Lishawa, S. C. (n.d.). Haciendo biodiésel de aceite vegetal usado. Retrieved from hteps://
greenteacher.com/article%20files/haciendobiodiesel. pdf

Viévra, A., Hijek, M., and Kocidn, D. (2021). The influence of vegetable oils composition on separation of
transesterification products, especially quality of glycerol. Renewable Energy, 176,262-268. DOI: https://
doi.org/10.1016/j.renene.2021.05.050

26


https://doi.org/10.3390/eng4010056
https://doi.org/10.17533/udea.penh.10958
http://www.scielo.org.bo/pdf/rfer/v23n23/v23n23_a08.pdf
http://hdl.handle.net/11336/25791
https://doi.org/10.1016/j.matpr.2022.04.527
https://ijrar.org/papers/IJRAR22C2022.pdf
http://www.redalyc.org/articulo.oa?id=181331235003
https://greenteacher.com/article%20files/haciendobiodiesel.pdf
https://doi.org/10.1016/j.renene.2021.05.050

ENTRECIENCIAS: DIALOGOS EN LA SOCIEDAD DEL Co..., 2024, voL. 12, NUM. 26, JANUARY-DECEMBER, / ISSN-E: 2007-8064

Woo, J., Joshi, R., Park, Y.-K., and Jeon, J.-K. (2021). Biodiesel production from jatropha seeds with bead-type
heterogeneous catalyst. Korean Journal of Chemical Engineering, 38(4), 763.770. DOI: 10.1007/
s11814-021-0759-7

Informacién adicional
Paginacion electronica : ¢25.87733
Informacién adicional

redalyc-journal-id: 4576

27



Predalyc

UAEMEX

Disponible en:
https://www.redalyc.org/articulo.oa?id=457676478020

Coémo citar el articulo
NUmero completo
Mas informacién del articulo

Pégina de la revista en redalyc.org

Sistema de Informacién Cientifica Redalyc

Red de revistas cientificas de Acceso Abierto diamante
Infraestructura abierta no comercial propiedad de la
academia

José Alonso Dena Aguilar, Arturo Diaz Ponce,

Claudio Frausto Reyes, Francisco Villanueva Mejia,

Edgar Zacarias Moreno

Study of biodiesel production from weed species found in
crops from Aguascalientes, Mexico

Estudio de la produccion de biodiésel a partir de especies
arvenses presentes en cultivos de Aguascalientes, México

Entreciencias: Didlogos en la Sociedad del Conocimiento
vol. 12, nim. 26, p. 1 - 16,2024

Universidad Nacional Auténoma de México, México
entreciencias@enes.unam.mx

ISSN-E: 2007-8064

DOI: https://doi.org/10.22201/
enesl.20078064e.2024.26.87733



https://www.redalyc.org/articulo.oa?id=457676478020
https://www.redalyc.org/comocitar.oa?id=457676478020
https://www.redalyc.org/revista.oa?id=4576&numero=76478
https://www.redalyc.org/articulo.oa?id=457676478020
https://www.redalyc.org/revista.oa?id=4576
https://doi.org/10.22201/enesl.20078064e.2024.26.87733

