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Resumo 

O objetivo deste trabalho foi avaliar o uso da técnica de cromatografia em camada fina (thin layer 

chromatography -TLC), utilizando o método de visualização do vapor de iodo, para identificação e 

caracterização preliminar do biodiesel produzido por esterificação. A reação de esterificação foi 

realizada a uma temperatura constante de 65 °C durante 2 horas, utilizando dimetilsulfato como 
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agente de alquilação e ácido dodecanoico como matéria-prima oleaginosa. A placa cromatográfica 

foi submetida ao método de revelação depois de adicionar 5 μL de uma amostra de ácido graxo e 

biodiesel na cuba cromatográfica. A indicação da formação de biodiesel foi obtida calculando o 

fator de retenção (Rf) e validada por ressonância magnética nuclear de hidrogênio (H1NMR). Os 

valores de Rf e da região de picos de funções químicas foram idênticos aos encontrados em outros 

estudos, o que permitiu confirmar a formação de biodiesel. Pode-se concluir que a TLC pode ser 

utilizada como técnica inovadora para a caracterização qualitativa preliminar da formação de 

biodiesel por esterificação. 

Palavras-chave: inovação, ácido dodecanóico, dimetilsulfato, biodiesel, esterificação, 

cromatografia camada fina. 

 

Abstract 

The objective of this work was to evaluate the use of the thin layer chromatography technique 

(TLC), using the iodine vapor visualization method, for identification and preliminary 

characterization of biodiesel produced by esterification. The esterification reaction was performed 

at constant temperature of 65 °C for 2 hours, using dimethyl sulfate as alkylating agent and 

dodecanoic acid as oleaginous raw material. The chromatographic plate was subjected to the 

method of revelation after adding 5 µL of a sample of fatty acid and biodiesel on the 

chromatographic vessel. The indication of biodiesel formation was obtained by calculating the 

retention factor (Rf) and validated by hydrogen nuclear magnetic resonance (H1NMR). The Rf 

values and of the region of peaks of chemical functions were identical to those found in other 

studies, which allowed to confirm the formation of biodiesel. It can be concluded that TLC can be 

used as an innovative technique for preliminary qualitative characterization of biodiesel formation 

by esterification. 

Keywords: inovation, dodecanoic acid, dimethyl sulfate, biodiesel, esterification, thin layer 

chromatography. 

 

1. Introduction 

 

Diesel is one of the most consumed car fuels in the world (BASKAR e AISWARYA 2016), 

however, it is obtained from a nonrenewable fossil energy source (oil). Several reasons encourage 

research on alternative fuels, particularly renewable ones: the nonrenewable nature of diesel, 

climate change, the harmful effects caused to the environment by the use of diesel as higher 

emissions of sulfur, monoxide and carbon dioxide and particulate matter, as well as the trend of 

gradual depletion of fossil fuels and the current political-economic-social actions for sustainable 

development (CANESIN et al. 2014; HALEK, DELAVARI e KAVOUSI-Rahim, 2013; OLLIS, 

LIU e Stevenson 2012).  

Research conducted in recent years have shown biodiesel as a potential substitute for 

petroleum diesel fuel, because it has similar physical and chemical characteristics. However, 

biodiesel is more advantageous because it is biodegradable and non-toxic, and has a low-emission 
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profile compared with diesel (ÖZENER et al, 2012; Qi et al,. 2009; F. XUE et al., 2006). The main 

environmental benefits of using biodiesel as an alternative vehicle biofuel compared with diesel is 

the significant reduction of greenhouse gases (such as carbon monoxide and carbon dioxide), 

particulate materials, hydrocarbons, aromatic compounds and sulphates, which result from 

emissions of diesel cycle engines (BUYUKKAYA, 2010; COGGON, VASUDEVAN e SANCHEZ 

2007; DEMIRBAS, 2009; J. XUE, GRIFT, e HANSEN 2011). In addition, biodiesel has high 

combustion efficiency, high cetane number, ability to mix with diesel under various percentages 

without need for modification in diesel engines and absence of aromatic and sulfur compounds, the 

latter of which are responsible for corrosion of engines (ATADASHI, AROUA e AZIZ 2010; 

DATTA e MANDAL, 2016; GAUTAM, GUPTA e SHARMA, 2014; HALEK, DELAVARI e 

KAVOUSI-Rahim 2013).  

The global appeal to renewable and “eco-friendly” technologies and fuels favors the use of 

biodiesel, thus making it a consolidated alternative to compose the global energy matrix 

(ARANSIOLA et al.,2014). Also, the production of biodiesel is favored, by the instability of oil 

prices, the ease of transport and by knowledge of highly efficient technologies for industrial 

production (Ng, Hoon, and Gan 2010). Biodiesel consists of fatty acid alkyl esters (FAAE), 

obtained mainly by the transesterification reaction of an oleaginous raw material or animal fat with 

a short-chain alcohol (usually methanol), catalyzed by chemical or biological reagents, generating 

glycerol as a byproduct (BELTRÁN-PRIETO, KOLOMAZNÍK e PECHA 2013; 

BHARATHIRAJA et al,. 2014; ELMS e EL-HALWAGI 2010; HALEK, DELAVARI e 

KAVOUSI-RAHIM 2013; MEIRA et al., 2015; OLLIS, LIU E STEVENSON, 2012). The 

transesterification reaction is shown in Figure 1, where R represents the alkyl group of the alcohol 

and R1 the carbonic chain of the triglyceride or fatty acid. 

 

 
Figure 1: Transesterification reaction scheme. 

 

 
 

 

The transesterification reaction via basic catalysis is considered highly efficient and can 

achieve high purity and high yield of biodiesel. However, the transesterification reaction requires a 

high degree of purity of the raw material, mainly in terms of acidity (free fatty acids) and moisture, 

to prevent undesirable reactions in the process, such as saponification and hydrolysis, respectively 



 

Revista GEINTEC– ISSN: 2237-0722. Aracaju/SE. Vol. 9, n. 4, p. 5219-5233, out/nov/dez – 2019       5222 

D.O.I.: 10.7198/geintec.v9i4.1221 

(CAI et al., 2015; B FREEDMAN, PRYDE e Mounts, 1984; BERNARD FREEDMAN, 

BUTTERFIELD e PRYDE, 1986; LEUNG, WU e LEUNG, 2010; MA e HANNA, 1999; 

MOREIRA, BADENES e CABRAL, 2013; TIWARI e GARG, 2016).  

Thus, in situations where there is a necessary to use raw materials with a high content of free 

fatty acids, such as the production of biodiesel using waste frying oil, the esterification reaction 

becomes an alternative for biodiesel production (ALEGRÍA e CUELLAR, 2015; REZENDE e 

PINTO, 2016; SARAVANAN et al., 2015; YU et al., 2016). The use of waste oils can reduce 

biodiesel production costs, as it is a low-cost raw material when compared to vegetable oils 

(NEUMANN et al., 2016), it may cost up to one third of the value of straight vegetable oil (PHAN e 

PHAN 2008). In addition, the esterification reaction can be a step for pre-treatment of the raw 

material for further processing in a transesterification reaction (ADEWUYI, ODERINDE e OJO, 

2012; CAI et al., 2015; MAZUMDAR et al., 2013; NEUMANN et al., 2016; URRUTIA et al., 

2016). The esterification reaction scheme is shown in Figure 2, where R represents the alkyl group 

of the alcohol and R1 the carbonic chain of the free fatty acid. 

Figure 2: Esterification reaction scheme. 

 

 

 
 

 

To enable the use of biodiesel in the supply of diesel-powered vehicles, high conversion is 

required of oleaginous or fatty raw material into fatty acid alkyl esters. In Brazil, for example, the 

regulatory agency is the National Agency for Petroleum, Natural Gas and Biofuel. Through 

Resolution nº. 07/2008, it requires a minimum percentage of 96.5 % (w/w) of esters in the sample 

of biodiesel (ANP 2008). The use of biodiesel fuel with a low percentage of esters may cause loss 

of efficiency and problems to engines, because triglycerides that are not converted can polymerize 

and accumulate in the lines of the engine (FERNANDO et al., 2007). Therefore, a quality control is 

necessary for biodiesel to meet business requirements and gain acceptance in the energy market. 

The analytical techniques used more often to characterize biodiesel quantitatively and 

qualitatively are chromatography and spectroscopy, respectively (TARIQ, ALI R KHALID, 2012). 

Because of its high accuracy, chromatography has been the most widely used technique to quantify 

major and minor components in biodiesel samples (MONTEIRO et al., 2008). Qualitatively, 

infrared spectroscopy is an analytical technique that allows the determination of various properties 

of biodiesel samples, mainly to check the progress of reaction (ZHANG, 2012). However, although 
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gas chromatography and infrared spectroscopy are highly reliable, they both have large operational 

costs and require long times of analysis for each sample. In addition, the equipment and inputs 

involved in the analysis are expensive (FEDOSOV, BRASK E XU 2011). Thus, the use of less 

expensive techniques for the quality control of biodiesel helps to reduce the total cost of production, 

which is one of the major obstacles to the viability of this type of biofuel  (MONTEIRO et al., 

2008). 

Within this context, thin layer chromatography (TLC) is considered an interesting alternative 

for use in preliminary analyses of qualitative characterization in biodiesel production. It allows the 

analysis of esters as well as tri-, di- and monoglycerides (TARIQ, ALI e KHALID, 2012). 

Moreover, TLC allows the determination of the purity of a compound, identification of the 

components in a mixture, isolation of pure components of a solution and monitoring of the progress 

of the reaction by the appearance of products and the disappearance of reagents (ILBEIGI et al., 

2016; MARTELANC, VOVK e SIMONOVSKA 2009). The main advantages of applying TLC 

include ease comparison and utilization, separation of components within a short period of time, 

versatility and, especially, low operational costs involved in the process because it works at milder 

pressures and temperatures (MROCZEK et al., 2006; RISTIVOJEVIC´ et al., 2017). The process of 

separation of the sample components by the TLC technique is accomplished by adsorption, whereby 

the chromatographic plate is placed vertically in a chromatographic tank or an elution chamber, 

containing a small amount of eluent, which will elute the plate (layer of adsorbent) (DAWAN et al,. 

2017). Various methods can be used for visualizing the revelation of the results of the analysis on 

the chromatographic plates. The most common use iodine vapor or ultraviolet light (UV) bulbs 

(COLLINS, BRAGA e BONATO, 2006). In the method of iodine vapor visualization, the iodine in 

the form of dust reacts with the compounds of the sample, forming brown (product) or yellowish 

(raw material) complexes. The advantage of the method is that the metal complexes with 

unsaturated compounds, while through UV, compounds appear as bright spots when they are under 

the action of UV light (ILBEIGI et al., 2016; MROCZEK et al., 2006). The disadvantage of the 

iodine vapor visualization method is the fact that the sample cannot be recovered, because a 

chemical reaction has occurred. The UV light visualization technique allows the sample to be 

regenerated, because there is no chemical reaction. However, it is even more robust than the use of 

iodine vapors. 

Given the above, the objective of this work was to evaluate the use of thin layer 

chromatography, using the method of iodine vapor visualization, as a simplified qualitative 

assessment technique for identification and characterization of biodiesel produced by esterification. 
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2. Methodology 

 

2.1 Chemicals and reagents 

 

The experimental esterification reaction was performed using as raw material the 

dodecanoic fatty acid (C12H24O2) (Biotechnos, Brazil). Chemical reagents used were dimethyl 

sulfate (analytical standard), ethanol 95% (v/v), acetic acid 99.7% (v/v) and deuterated chloroform 

99.9% (w/w) (Sigma-Aldrich, USA), and iodine powder 99.5% (w/w) (Merck, Germany). The 

chromatographic plate was DC - Fertigfolien ALUGRAM® Xtra SIL(G) (10 cm high x 20 cm wide, 

0.020 cm of silica gel 60 UV 254) (Merck, Germany). 

 

2.2 Experiment 

 

2.2.1 Dodecanoic acid esterification 
 

The esterification reaction was performed based on the methodology of Machado (Machado 

2013). A total of 1.03 g of the alkylating agent dimethyl sulfate (C2H6O4S, M.W.: 126.1 g.mol-1) 

was added in 10.3 g of dodecanoic acid (C12H24O2, M.W.: 200.3 g.mol-1) in a flat-bottomed flask 

kept under a mineral oil bath whose function was to keep constant the temperature of reaction. The 

system bath/flask was in contact with a temperature and stirring speed controller. Figure 3 describes 

the layout of the experimental apparatus in use. 

 

 
Figure 3: Experimental apparatus used for esterification of the dodecanoic fatty acid. 

 

 

 
 

 

The tests were performed at a constant temperature of 65 °C for 2 hours, under constant 

agitation of 250 rotations per minute (rpm). To avoid the loss of reagents by evaporation, a 

condenser was used, operating continuously with water (refrigerant). Later, the components were 

separated using a funnel. 
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2.2.2 Characterization of Thin Layer Chromatography (TLC) 
 

The thin layer chromatography technique was used for the characterization of the biodiesel 

formed, using iodine vapor for visualization and identification of biodiesel formation. The eluent 

was prepared as a 1:1 (v/v) solution of ethanol (C2H6O, M.W.: 46.07 g.mol-1) and acetic 

acid (CH3COOH, P.M: 60.05 g.mol-1). To reveal the appearance of the product on the 

chromatographic plates, was used the method of iodine vapor visualization. The chromatographic 

plate measured 10 cm x 20 cm (height x width) with a layer of 0.020 cm of silica gel 

(ALUGRAM® Xtra SIL(G). The chromatographic plate was subjected to the technique of 

revelation by the iodine vapor method, whereby iodine powder and the chromatographic plate, after 

contact with the eluent, were placed in a closed container so that the iodine vapors could come into 

contact with the surface of the plate and reveal the run of the products of interest in the form of 

brown spots. The samples of fatty acid and biodiesel (5 µL per run) were deposited on the plate 

without any dilution, apart 1.30 cm from one another and 1 cm away from the bottom edge of the 

plate.  

The procedure was performed in triplicate, and the average of the experimental data was 

calculated. The indication of biodiesel formation was obtained through a retention factor (Rf), 

calculated by Equation (1): 

 

                                                                        (1) 

 

where ds is the measured value of the distance traveled by the sample and dm is the measured 

distance traveled by the solvent when adsorbed and drawn up by capillarity to come into contact 

with the iodine vapor, on the chromatographic plate. The displacements of the formed product and 

of the dodecanoic fatty acid were obtained by simply measuring the distance traveled in the 

chromatographic plate, revealed by the iodine vapors as showed in Figure 4. 
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Figure 4: Distance traveled by the reactant and product samples on the thin layer 

chromatographic plate. 

 

 

 

 

2.2.3 Characterization of Hydrogen Nuclear Magnetic Resonance (H1NMR) 
 

As an alternative to validate the characterization of biodiesel produced in the experiment, the 

technique of hydrogen nuclear magnetic resonance (H1NMR) was used. The H1NMR equipment 

was a Varian Inova 300 system (Palo Alto, USA), using a spectrometer frequency of 300 MHz, at a 

temperature of 22 °C with a 2-pulse sequence and using chloroform as a solvent. 

 

3. Results and discussion 

 

3.1 Thin Layer Chromatography (TLC) 

 

The distance traveled by the samples was observed on the thin layer chromatographic plate 

after the deposit of the sample reagent (dodecanoic fatty acid) and of the product generated by the 

esterification reaction.  

The distance traveled by the eluent was 4.2 cm while the distances traveled by the 

dodecanoic fatty acid and the product were 2.5 cm and 2.6 cm, respectively. In addition, the reagent 

showed a yellowish color and the product, a brown color. Based on the measurement information 

for the distance traveled by the samples, the retention factor was calculated for each substance.  

The retention factor (Rf) obtained for feedstock (fatty acid dodecanoic) and product 

(biodiesel) was 0.59 and 0.62, respectively. The value of the retention factor of the product must be 

greater than that of the raw material so that the values found by the technique can be considered 

satisfactory and indicative of biodiesel formation (FROEHNER, LEITHOLD e LIMA, 2007). 

Ferrari et al. (2005) used the thin layer chromatography technique to qualitatively assess the 

transesterification reaction of pre-treated soybean oil and the qualitative validation of the results 

was performed using the chromatography technique. Other authors have used thin layer 
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chromatographic as a way to qualitatively characterize biodiesel production processes, as shown in 

Table 1.  

 

Table 1: Retention factors using the TLC technique. 

Feedstock Reation 
Retention Factor (Rf) 

Reference 
Feedstock Product 

Refined soybean oil Transesterification 0.40 0.82 

Froehner et al. 

(Froehner, Leithold, 

and Lima 2007) 

Pretreated soybean oil Transesterification 0.44 0.70 

Ferrari et al. (Ferrari, 

Oliveira, and Scabio 

2005) 

Crude sunflower oil Transesterification 0.80 0.90 

Souza et al. (Souza, 

Ferrari, and Scabio 

2006) 

Waste cooking oil Transesterification - 0.82 
Cubas et al. (Cubas et 

al. 2016) 

Fatty acid dodecanoic Esterification 0.59 0.62 This study 

 

 

 Table 1 show that all studies used TLC to characterize the formation of biodiesel produced 

by transesterification, while the present study used the esterification reaction. The results showed 

that the Rf values presented similar behavior be both the esterification and the transesterification 

reactions, i.e., the Rf for product must be higher than for feedstock to evidence biodiesel formation. 

In addition, the results of this study were satisfactorily similar to the results obtained by Ferrari et 

al. (Ferrari, Oliveira, and Scabio 2005). This is an evidence of the applicability of TLC for 

qualitative characterization of the biodiesel produced by esterification. 

 

3.2 Hydrogen Nuclear Magnetic Resonance (H1NMR)  

 

The application of the hydrogen nuclear magnetic resonance of (H1NMR) technique was 

performed as a form of complementary characterization of biodiesel formed as a product of the 

esterification of dodecanoic acid. In addition, it validates the results found by applying TLC 

techniques. The spectrum generated by H1NMR is shown in Figure 5.  
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Figure 5: H1NMR spectrum of esterification for the dodecanoic acid. 

 

 

 

 

Figure 5 indicates the allocation of signals to the hydrogen nuclei, where the peak at the 

triplet at 0.9 ppm refers to three hydrogens of methyl ester. The peak between 1.3 and 1.5 ppm is 

assigned to hydrogens of the methyl groups (CH2) from the aliphatic chains and the peak between 

1.5 and 1.7 ppm is assigned to hydrogens bound to the β-carbon of the carbonyl group. The peak 

between 1.9 and 2.1 ppm is assigned to hydrogens of the CH2 group neighboring the aliphatic 

chains, and the peak between 2.2 and 2.4 ppm is assigned to hydrogens of the α-carbon of the 

carbonyl group. The peak at 3.6 ppm refers to OCH3 group and peak at 5.4 ppm corresponds to 

hydrogens of the CH=CH group of biodiesel. Based on the characterization of the peaks attributed 

to the hydrogen signals, the biodiesel molecule was formed by the reactive system.  

The studies of Satyarthi et al. (Satyarthi, Srinivas, and Ratnasamy 2009), Kollar (Kollar 

2012) and Shimamoto and Tubino (Shimamoto and Tubino 2016) used the H1NMR technique for 

characterization of biodiesel and the H1NMR spectra they found were similar to the one found in 

the present study. The spectrum obtained by Shimamoto and Tubino (Shimamoto and Tubino 

2016), for the biodiesel produced from the transesterification of soybean oil, it highlights the typical 

signal of the methyl group represented at the peak of 3.49 ppm which is satisfactorily similar to the 

one found in the spectrum of the present study, represented at the peak of 3.76 ppm in Figure 5. 

Kollar (Kollar 2012) used the H1RMN analysis to characterize the biodiesel produced by the 

esterification of fatty acids catalyzed by commercial alumina, where signs of aliphatic chains were 

found between 2.78-2.67 ppm for the =CH-CH2-CH= group, 2.30 ppm for α-CH2, 2.12-1.96 for 

=CH-CH2, 1.42-1.22 ppm for (CH2)n. and 3.67 ppm for the OCH3 group, near the regions of peaks 

obtained in this study.  

Based on the comparison of the signals δ (ppm) of the spectra of Shimamoto and Tubino 

(Shimamoto and Tubino 2016) with those of Figure 5, it can be concluded that biodiesel formation 
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occurred through the reaction of esterification of dodecanoic acid performed in this study. The 

results obtained for the factors (Rf) of raw material and product were validated through the H1RMN 

spectrum, confirming the possibility of using TLC as a simple technique for qualitative 

characterization of biodiesel produced by esterification. 

Since the TLC is a technique for qualitative characterization, it is cannot be claimed that 

there has been total conversion of dodecanoic fatty acid into biodiesel. Also, the peaks situated 

between 3.0-3.5 ppm, at 4.0 ppm and between 7.0-7.5 (Figure 5) are not intrinsic to the hydrogens 

the biodiesel molecule, this can be indicative of possible traces of fatty acid from the reaction 

system. The lack of full conversion into biodiesel may be related to possible variations of the 

experimental system and, especially, the purity of the raw material. 

 

4 Conclusions 

 

The fact that biodiesel is an alternative fuel to diesel for use in diesel cycle engines requires 

that the biodiesel should meet the quality standards for its physical and chemical properties. Also, 

characterizing biodiesel formation by using qualitative techniques, such as infrared spectroscopy, 

requires high technical knowledge, long time of development of experimental analysis and financial 

investment. Thin layer chromatography is an alternative technique, because it is cheaper, simpler 

and faster, and it can result in preliminary characterization of biodiesel formation in order to 

monitor the development of the industrial process. 

The results found for the retention factor (Rf) of the raw material and of the formed product 

were 0.59 and 0.62, respectively, and follows the pattern of other studies that use the 

transesterification reaction. This study results can be considered satisfactory when compared to the 

values found by other studies cited. In addition, the peaks of the resulting chemical functions in the 

H1RMN technique are in regions close to the regions identified by other authors, which allowed to 

confirm biodiesel formation. 

Finally, it can be said that TLC can be used as an innovative technique for preliminary 

qualitative characterization of biodiesel formation by esterification. 

 

References 

 

Adewuyi, Adewale, Rotimi A. Oderinde, and David F K Ojo. 2012. “Biodiesel from the Seed Oil of 

Treculia Africana with High Free Fatty Acid Content.” Biomass Conversion and Biorefinery 2(4): 

305–8. 

Alegría, Alexandra, and Jorge Cuellar. 2015. “Esterification of Oleic Acid for Biodiesel Production 

Catalyzed by 4-Dodecylbenzenesulfonic Acid.” Applied Catalysis B: Environmental 179: 530–41. 



 

Revista GEINTEC– ISSN: 2237-0722. Aracaju/SE. Vol. 9, n. 4, p. 5219-5233, out/nov/dez – 2019       5230 

D.O.I.: 10.7198/geintec.v9i4.1221 

Aransiola, E. F. et al. 2014. “A Review of Current Technology for Biodiesel Production: State of 

the Art.” Biomass and Bioenergy 61: 276–97. 

Atadashi, I. M., M. K. Aroua, and A. Abdul Aziz. 2010. “High Quality Biodiesel and Its Diesel 

Engine Application: A Review.” Renewable and Sustainable Energy Reviews 14(7): 1999–2008. 

Baskar, G., and R. Aiswarya. 2016. “Trends in Catalytic Production of Biodiesel from Various 

Feedstocks.” Renewable and Sustainable Energy Reviews 57: 496–504. 

Beltrán-Prieto, Juan Carlos, Karel Kolomazník, and Jiří Pecha. 2013. “A Review of Catalytic 

Systems for Glycerol Oxidation: Alternatives for Waste Valorization.” Australian Journal of 

Chemistry 66(5): 511–21. 

Bharathiraja, B. et al. 2014. “Biodiesel Production Using Chemical and Biological Methods - A 

Review of Process, Catalyst, Acyl Acceptor, Source and Process Variables.” Renewable and 

Sustainable Energy Reviews 38: 368–82. 

Buyukkaya, Ekrem. 2010. “Effects of Biodiesel on a Di Diesel Engine Performance, Emission and 

Combustion Characteristics.” Fuel 89(10): 3099–3105. 

Cai, Zi Zhe et al. 2015. “A Two-Step Biodiesel Production Process from Waste Cooking Oil via 

Recycling Crude Glycerol Esterification Catalyzed by Alkali Catalyst.” Fuel Processing 

Technology 137: 186–93. 

Canesin, Edmilson Antonio et al. 2014. “Characterization of Residual Oils for Biodiesel 

Production.” Electronic Journal of Biotechnology 17(1): 39–45. 

Coggon, Robert, Palligarnai T Vasudevan, and Fernando Sanchez. 2007. “Enzymatic 

Transesterification of Olive Oil and Its Precursors.” Biocatal. Biotransform. 25(2): 135–43. 

Collins, C. H., G. L. Braga, and P. S. Bonato. 2006. Fundamentos Da Cromatografia. 1st ed. 

Campinas, São Paulo.: Ed. Unicamp. 

Cubas, A L V et al. 2016. “Biodiesel Production Using Fatty Acids from Food Industry Waste 

Using Corona Discharge Plasma Technology.” Waste Management 47: 149–54. 

Datta, Ambarish, and Bijan Kumar Mandal. 2016. “A Comprehensive Review of Biodiesel as an 

Alternative Fuel for Compression Ignition Engine.” Renewable and Sustainable Energy Reviews 57: 

799–821. 

Dawan, Phanphruk et al. 2017. “A Simple Analytical Platform Based on Thin-Layer 

Chromatography Coupled with Paper-Based Analytical Device for Determination of Total 

Capsaicinoids in Chilli Samples.” Talanta 162(October 2016): 460–65. 

Demirbas, Ayhan. 2009. “Progress and Recent Trends in Biodiesel Fuels.” Energy Conversion and 

Management 50(1): 14–34. 

Elms, René D., and Mahmoud M. El-Halwagi. 2010. “The Effect of Greenhouse Gas Policy on the 

Design and Scheduling of Biodiesel Plants with Multiple Feedstocks.” Clean Technologies and 

Environmental Policy 12(5): 547–60. 

Fedosov, Sergey N., Jesper Brask, and Xuebing Xu. 2011. “Analysis of Biodiesel Conversion Using 

Thin Layer Chromatography and Nonlinear Calibration Curves.” Journal of Chromatography A 

1218(19): 2785–92. 



 

Revista GEINTEC– ISSN: 2237-0722. Aracaju/SE. Vol. 9, n. 4, p. 5219-5233, out/nov/dez – 2019       5231 

D.O.I.: 10.7198/geintec.v9i4.1221 

Fernando, Sandun, Prashanth Karra, Rafael Hernandez, and Saroj Kumar Jha. 2007. “Effect of 

Incompletely Converted Soybean Oil on Biodiesel Quality.” Energy 32(5): 844–51. 

Ferrari, Ra, Vs Oliveira, and a Scabio. 2005. “Biodiesel from Soybean: Characterization and 

Consumption in an Energy Generator.” Química Nova 28(1): 19–23. 

Freedman, B, E. H Pryde, and T .L Mounts. 1984. “, Variables Affecting the Yields of Fatty Esters 

from Transesterified Vegetable Oils 1.” JAOCS 61(10): 1638–43. 

Freedman, Bernard, Rouden O. Butterfield, and Everett H. Pryde. 1986. “Transesterification 

Kinetics of S O Y B E a N Oil1.” JAOCS 63(10): 1375–80. 

Froehner, Sandro, Juliana Leithold, and Luiz Fernando Lima. 2007. “Transesterification Of 

Vegetable Oils: Characterization by Thin-Layer Cromatography and Density.” Quimica Nova 

30(8): 2016–19. 

Gautam, Kshipra, N. C. Gupta, and D. K. Sharma. 2014. “Physical Characterization and 

Comparison of Biodiesel Produced from Edible and Non-Edible Oils of Madhuca Indica (mahua), 

Pongamia Pinnata (karanja), and Sesamum Indicum (til) Plant Oilseeds.” Biomass Conversion and 

Biorefinery 4(3): 193–200. 

Halek, Farah, Armin Delavari, and Ali Kavousi-rahim. 2013. “Production of Biodiesel as a 

Renewable Energy Source from Castor Oil.” CLEAN - Soil, Air, Water 15: 1063–68. 

Ilbeigi, Vahideh et al. 2016. “Laser Desorption-Ion Mobility Spectrometry as a Useful Tool for 

Imaging of Thin Layer Chromatography Surface.” Journal of Chromatography A 1459: 145–51. 

Kollar, Sara Regina Morais. 2012. “Desenvolvimento de Metodologias Analíticas Para Análise de 

Biodiesel Por RMN - 1H 1,40 T.” Universidade de Brasília. 

Leung, Dennis Y.C., Xuan Wu, and M.K.H. Leung. 2010. “A Review on Biodiesel Production 

Using Catalyzed Transesterification.” Applied Energy 87(4): 1083–95. 

Ma, Fangrui, and Milford A Hanna. 1999. “Biodiesel Production : A Review 1.” Bioresource 

Technology 70: 1–15. 

Machado, Sara Aparecida. 2013. “Estudo Da Produção de Biodiesel a Partir Do óleo de Macaúba 

(Acrocomia Aculeata) Pela Rota Etílica.” Universidade de São Paulo. 

Martelanc, Mitja, Irena Vovk, and Breda Simonovska. 2009. “Separation and Identification of 

Some Common Isomeric Plant Triterpenoids by Thin-Layer Chromatography and High-

Performance Liquid Chromatography.” Journal of Chromatography A 1216(38): 6662–70. 

Mazumdar, Purabi et al. 2013. “Biodiesel Production from High Free Fatty Acids Content Jatropha 

Curcas L. Oil Using Dual Step Process.” Biomass Conversion and Biorefinery 3(4): 361–69. 

Meira, M. et al. 2015. “Overview of the Challenges in the Production of Biodiesel.” Biomass 

Conversion and Biorefinery: 1–9. 

Monteiro, Marcos Roberto, Alessandra Regina Pepe Ambrozin, Luciano Morais Lião, and Antonio 

Gilberto Ferreira. 2008. “Critical Review on Analytical Methods for Biodiesel Characterization.” 

Talanta 77(2): 593–605. 

Moreira, Francisco, Sara M. Badenes, and Joaquim M. S. Cabral. 2013. “Biocatalytic 



 

Revista GEINTEC– ISSN: 2237-0722. Aracaju/SE. Vol. 9, n. 4, p. 5219-5233, out/nov/dez – 2019       5232 

D.O.I.: 10.7198/geintec.v9i4.1221 

Transesterification of Triglycerides and Alcohols for the Production of Biodiesel Using Cutinase in 

Organic Media.” Biocatalysis and Biotransformation 31(5): 246–54. 

Mroczek, Tomasz et al. 2006. “Investigation of Symphytum Cordatum Alkaloids by Liquid-Liquid 

Partitioning, Thin-Layer Chromatography and Liquid Chromatography-Ion-Trap Mass 

Spectrometry.” Analytica Chimica Acta 566(2): 157–66. 

National Agency of Petroleum Natural Gas and, and Biofuels. 2008. Resolution ANP No 7. 

Neumann, Kolja, Kathrin Werth, Alejandro Martín, and Andrzej Górak. 2016. “Biodiesel 

Production from Waste Cooking Oils through Esterification: Catalyst Screening, Chemical 

Equilibrium and Reaction Kinetics.” Chemical Engineering Research and Design 107: 52–62. 

Ng, Jo-han, Kiat Ng Hoon, and Suyin Gan. 2010. “Advances in Biodiesel Fuel for Application in 

Compression Ignition Engines.” Clean Technologies and Environmental Policy 12: 459–93. 

Ollis, David L, B Jian-wei Liu, and Bradley J Stevenson. 2012. “Engineering Enzymes for Energy 

Production.” Australian Journal Chemistry 65: 652–55. 

Özener, Orkun, Levent Yüksek, Alp Tekin Ergenç, and Muammer Özkan. 2012. “Effects of 

Soybean Biodiesel on a DI Diesel Engine Performance, Emission and Combustion Characteristics.” 

Fuel 115: 875–83. 

Phan, Anh N., and Tan M. Phan. 2008. “Biodiesel Production from Waste Cooking Oils.” Fuel 

87(17-18): 3490–96. 

Qi, D.H. et al. 2009. “Combustion and Performance Evaluation of a Diesel Engine Fueled with 

Biodiesel Produced from Soybean Crude Oil.” Renewable Energy 34(12): 2706–13. 

Rezende, Michelle J C, and Angelo C. Pinto. 2016. “Esterification of Fatty Acids Using Acid-

Activated Brazilian Smectite Natural Clay as a Catalyst.” Renewable Energy 92: 171–77. 

Ristivojevic´, Petar, Jelena Trifkovic´, Irena Vovk, and Dusanka Milojkovic´-Opsenica. 2017. 

“Comparative Study of Different Approaches for Multivariate Image Analysis in HPTLC 

Fingerprinting of Natural Products such as Plant Resin.” Talanta 162(October 2016): 72–79. 

Saravanan, K., Beena Tyagi, Ram S. Shukla, and H. C. Bajaj. 2015. “Esterification of Palmitic Acid 

with Methanol over Template-Assisted Mesoporous Sulfated Zirconia Solid Acid Catalyst.” 

Applied Catalysis B: Environmental 172-173: 108–15. 

Satyarthi, Jitendra K, D Srinivas, and Paul Ratnasamy. 2009. “Estimation of Free Fatty Acid 

Content in Oils , Fats , and Biodiesel by 1 H NMR Spectroscopy.” Energy and Fuels 23(19): 2273–

77. 

Shimamoto, Gustavo G., and Matthieu Tubino. 2016. “Quantification of Methanol in Biodiesel 

through 1H Nuclear Magnetic Resonance Spectroscopy.” Fuel 175: 99–104. 

Souza, Waleska Lemes De, Roseli Aparecida Ferrari, and Ardalla Scabio. 2006. “Biodiesel de óleo 

de de Girassol E Etanol.” Biomassa & Energia 2(1): 1–5. 

Tariq, Muhammad, Saqib Ali, and Nasir Khalid. 2012. “Activity of Homogeneous and 

Heterogeneous Catalysts, Spectroscopic and Chromatographic Characterization of Biodiesel: A 

Review.” Renewable and Sustainable Energy Reviews 16(8): 6303–16. 



 

Revista GEINTEC– ISSN: 2237-0722. Aracaju/SE. Vol. 9, n. 4, p. 5219-5233, out/nov/dez – 2019       5233 

D.O.I.: 10.7198/geintec.v9i4.1221 

Tiwari, Pankaj, and Sanjeev Garg. 2016. “Study of Reversible Kinetic Models for Alkali-Catalyzed 

Jatropha Curcas Transesterification.” Biomass Conversion and Biorefinery 6(1): 61–70. 

Urrutia, C. et al. 2016. “Two Step Esterification-Transesterification Process of Wet Greasy Sewage 

Sludge for Biodiesel Production.” Bioresource Technology 200: 1044–49. 

Xue, Feiyan, Xu Zhang, Hui Luo, and Tianwei Tan. 2006. “Short Communication A New Method 

for Preparing Raw Material for Biodiesel Production.” Process Biochemistry 41: 1699–1702. 

Xue, Jinlin, Tony E. Grift, and Alan C. Hansen. 2011. “Effect of Biodiesel on Engine Performances 

and Emissions.” Renewable and Sustainable Energy Reviews 15(2): 1098–1116. 

Yu, Hewei et al. 2016. “Preparation and Esterification Performance of Sulfonated Coal-Based 

Heterogeneous Acid Catalyst for Methyl Oleate Production.” Energy Conversion and Management 

126: 488–96. 

Zhang, Wei Bo. 2012. “Review on Analysis of Biodiesel with Infrared Spectroscopy.” Renewable 

and Sustainable Energy Reviews 16(8): 6048–58. 

 

 

Recebido: 29/06/2016 

 

Aprovado: 10/07/2019 

 


