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ABSTRACT 
Glycerin, a byproduct obtained in the biodiesel production process, can be transformed into commercial 
products implying the valuation of production chain. The present work approaches a study on the 
treatment and purification of glycerin of babassu, its conversion into bioethers in reactions assisted in 
microwaves. The glycerin from babassu biodiesel was treated, purified, and characterized by physical-
chemical analysis- FTIR, TG/DTG, DSC, and GC-MS- confirming that impurities such as free fatty acids, soap 
and alcohol were eliminated. In this process, a glycerol content above 97% was obtained, being converted 
into bioethers in the presence of the ionic liquid catalyst pyridinium p-toluenesulfonate, and having benzyl 
alcohol as an etherifying agent. The etherification of glycerin from babassu biodiesel favored the 
production of mono and diethers of glycerin, with a conversion rate of 87.40%. The results showed that 
the glycerin from babassu oil biodiesel produced excellent effectiveness in the production of bioethers. 
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1. INTRODUCTION 

Brazil is a major producer of biodiesel and, 
consequently, of glycerin byproducts. From 2014 to 
2023, these byproducts had a 106,74% production 
increase in Brazil, reaching 644,659 m³ in 2023 
(Brasil, 2024), with the mandatory addition of 12% 
of biodiesel to diesel (B10). This large amount of 
residual glycerin from the industrial process of 
biodiesel production (for the current B14 blend), 
can be transformed into commercial products 
through the employment of appropriate 
techniques, leading to the valorization of the entire 
productive chain. 

The most used raw materials for biodiesel 
production in Brazil are soybean, beef tallow, and 
cotton, although other raw materials such as pig 
fat, frying oil, palm and babassu oils are also used 
in the production of biodiesel, provided that they 
meet the specifications in the technical regulation 
for the production of biofuels (BiodieselBR, 2022). 
Although the largest percentage of biodiesel 
production in Brazil relies on the use of soybean 
(Glycine Max L. Merril), which has an oil content 
ranging from 18- 20%, babassu oil (Attalea ssp.) 
represents a promising oleogin, as it contains more 
than 60% oil in its coconut almonds (Machado et 
al., 2006). Other aspects that differ between these 
oils is the presence of major fatty acids. In babassu 
oil lauric acid (40-55%), myristic acid (11-27%), and 
oleic acid (9-20%) make up its composition, in 
soybean oil there is predominance of oleic (49-
57%) and stearic acids (18-25%) (Brasil, 2021). 
Babassu is a palm native to Brazil (Machado et al., 
2006), found predominantly in the Amazon and 
Cerrado areas, abundant in the states of 
Maranhão, Tocantins and Piaui (Cerratinga, 2017). 
Babassu fruits are composed of epicarp (15%), 
mesocarp (20%), endocarp (60%), and almonds 
(6%) where the babassu oil rich in lauric acid is 
present (Machado et al., 2006). Babassu palms 
have thermal properties that contribute to their 
use as fuel, as they presented satisfactory 
performance in relation to the crystallization point 
(-8,5 °C) and stability (49.6 °C) (Nicolau et al., 
2018). 

The physical-chemical properties of biodiesel 
from Babassu oil studied by Kale and Ragit (2017) 
presented a density of 918.9 kg / m³ (15 °C), an 
acidity content of 1.24 mg KOH / g, and kinematic 
viscosity 33.46 cST (40 °C) within acceptable limits, 

according to ASTM and EM standards, therefore, 
being considered as a potential fuel for application 
in diesel engines. 

Glycerin from the oil-transesterification 
reaction, especially from babassu oils, has 
impurities such as organic and inorganic salts, soap, 
water, methyl alcohol, fatty acids, and colors 
(Hájek & Skopal, 2010). To eliminate these 
impurities, some techniques using physical and 
chemical treatments have been studied with the 
goal of increasing the glycerol content. Afterwards, 
the glycerol can be turned into high value products 
such as bioethers, which can be used as fuel 
additives. Crude glycerin is inadequate to be used 
as a raw material for new applications and it can 
also cause problems for biodiesel plants. Therefore, 
it is necessary to treat and purify the glycerin 
separate from biodiesel to obtain a purity level 
suitable for future applications (Tan et al., 2013). 
Several researchers have carried out studies on the 
use of different methods to purify crude glycerin, 
such as distillation, filtration, chemical treatment, 
use of ion exchange resin, extraction, decanting, 
crystallization and adsorption with the use of ion-
exchange resin, extraction, decantation, 
crystallization and adsorption with the use of 
activated carbon (Kamm & Höfer, 2012). 

Hájek and Skopal (2010) and Manosak et al. 
(2011) used phosphoric, sulphuric, and acetic acids 
in the treatment process of glycerin, while 
Sadhukhan and Sarkar (2016) used hydrochloric 
and perchloric acids to acidic pH to facilitate the 
separation of the residues present in the glycerin 
from the biodiesel. The use of these acids resulted 
in the attainment of heterogeneous biphasic or 
triphasic systems, with the latter being comprised 
of a higher phase composed of free fatty acids and 
unreacted esters derived from the production of 
biodiesel, a central phase consisting of glycerin and 
residues of the alcohol used as fertilizer, and a salt-
rich botton phase (Hájek & Skopal, 2010). 

Among the catalytic routes for converting 
glycerin into commercially valuable chemical 
products, the etherification with alcohols or 
alkenes is very promising because it converts 
glycerin into oxygenated compounds that have the 
potential to be used as additives to biodiesel fuels 
and petroleum byproducts (Zhou et al., 2008). This 
route also allows improving combustion properties 
and reducing the environmental impact of fossil 
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fuels (Kesling Jr et al., 1994). These produced 
additives are also less viscous and less polar if 
compared to glycerin (Mota et al., 2009). 

Overall, the conversion processes of glycerin 
into ethers are performed in the presence of 
catalyst acids based of zirconia (Jaworski et al., 
2005), zeolites (Gonzalez-Arellano et al., 2015), 
amberlyst acid ion exchange resins (Silva et al., 
2009; Pico et al., 2013), and sulfonic p-toluene and 
niobium acids (Silva et al, 2009). In the majority of 
cases, the processes use thermal conduction, 
heating during prolonged reaction times, such as 4 
and 6h (Veiga et al., 2017), 8h (Gonzalez Arellano 
et al., 2015), and up to 24h (Izquierdo et al., 2017). 
The ionic liquids used as catalysts have been 
highlighted due to their unique characteristics i.e. 
negligible vapor pressure, high thermal stability 
(Wasserscheid & Welton, 2008), low flammability, 
anti-corrosion, and recyclability (Dupont et al., 
2001). 

There are no records of studies dedicated to the 
application of ionic liquids in etherification 
reactions of glycerol with benzyl alcohol, therefore, 
the catalytic activity of acidic ionic liquids with 
imidazolium cation using the tert-butyl alcohol was 
verified using different anions in reaction times of 6 
hours (Liao et al., 2012). The advantage of using 
microwaves in relation to conventional microwave 
heating on organic reactions is due to the energy 
from the microwaves passing through the wall of 
containers and heating only the reagents, with 
increase of uniform temperature throughout the 
sample. Beyond, in pressurized systems the 
temperature increases rapidly and above the 
conventional boiling point of the solvent used 
(Lidström et al., 2001). 

The present work focuses on treating and 
purifying glycerin from babassu biodiesel with 
commercial talc, a more economical adsorbent 
than activated carbon, to remove residues and 
color from raw glycerin from biodiesel production. 
Then, this glycerin gets converted into bio-ethers 
using benzyl alcohol as an etherifying agent and 
ionic liquid p-toluenesulfonate of pyridinium as 
catalyst in assisted reactions by microwaves. 

 

2. MATERIALS AND METHODS 

2.1 Materials 

To produce glycerin through a 
transesterification reaction, we used refined oil of 

commercial babassu, produced at the Maita Power 
Plant (Maranhão, Brazil), potassium hydroxide 
(85%, Isofar), and methanol (99.8%, Merck). The 
glycerin treatment was done with phosphoric acid 
(85%, Carlo Herba) and hexane (98.5%, Quimex). 
Samples of commercial talc were supplied by 
Cromoline Company, with the chemical name 
magnesium silicate, a material in white powder, pH 
7.0-9.0 (20 °C) and molecular weight 379.26 g/mol. 
The characterization of glycerin and ionic liquid 
samples using Fourier Transform Infrared 
Spectroscopy (FTIR) was conducted using the tablet 
technique with bromide of potassium, the KBr 
(99.5%, Merk) technique. For the synthesis of the 
ionic liquid, we used pyridine (99.9%, J.T. Baker) 
and p-toluene sulfonic acid (98.5%, Sigma Aldrich) 
as reagents. In the reactions of glycerol 
etherification, the analytical purity glycerol (99.5%, 
Synth) and the benzyl alcohol (99%, Isofar) were 
used. For quantification through of Gaseous 
Chromatography with Flame Ionization, we used 
Detector (CG-DIC), commercial chromatographic 
standards (R) (±) -3-benzyloxy-1,2-propanediol 
(97%, Fluck), 1,3-dibenzyloxy-2-propanol (97%, 
Aldrich), dibenzyl ether %, Fluck), and acetonitrile 
(99.9%, Merck). 

2.2 Synthesis, treatment, purification, and 
characterization of babassu glycerin 

Glycerin was obtained by the transesterification 
reaction of babassu oil, using standard laboratory 
reaction conditions, using 1000 g of commercial 
refined babassu oils, yielded from Maita Power 
Plant Ltd. by dissolving 20.0 g of potassium 
hydroxide (Isofar, 85%) in 580 mL of metilic alcohol 
(Merk, 99,8%).  The mixture was stirred for 30 
minutes at 620 rpm on a mechanical stirrer (IKA) 
and, thereafter, the reaction product containing 
biodiesel and babassu glycerin was transferred to a 
funnel (85%) in 580 ml of methyl alcohol (Merk, 
99.8%). The mixture was stirred for 30 minutes in 
620 rpm in a mechanical stirrer (IKA). Afterwards, 
the reaction product having biodiesel and glycerin 
from Babassu was transferred for 72 hours for a 
complete separation of the glycerin. The crude 
glycerin underwent an acidification process using a 
pH meter (Hanna) to control the pH. The 
phosphoric acid (Carlo Erba, 85%) was added 
slowly to the stirred sample to pH 2, to separate 
the glycerol phase of the impurities phase. Then, 
vacuum filtration was carried out to separate the 
solid lower phase from the other two phases 
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present, in which they were transferred to a 
separation funnel and performed the extraction of 
fatty acids with Hexane (Quimex, 98.5%), that 
could remain in the glycerin phase. The methanol 
present in the glycerin phase was separated by 
evaporation using a rotary evaporator at 60 °C, 100 
rpm, and 350 mbar. For the purification process of 
the sample, we used 2% of commercial talc 
adsorbent (Chromolite - Fine Chemistry) under 
magnetic stirring for 3 h. Following, the sample was 
filtered and characterized. 

The calculation of the density (20 °C) of the 
samples was performed using a digital densimeter 
Kem Kyoto Model-645. The equipment was 
calibrated based on atmospheric air density with 
acceptable values of 0.00120 with a tolerance of ± 
0.00020 g/cm³ and distilled water with acceptable 
values of 0.99821 with a tolerance of ± 0.00010 
g/cm³. The procedure was conducted using ASTM 
D 4052, utilizing approximately 3 mL of raw and 
purified glycerin samples and performing the digital 
commands. Subsequently, the reading was 
assessed directly from the densimeter display at 
20°C. 

The kinematic viscosity was performed 
according to ASTM D 445 standard using a Cannon-
Fenske capillary tube number 75-T60, with a 
constant 0.007899 mm².s-1 and a Julabo brand 
thermostatic bath at 40 °C. After the temperature 
of the equipment reached 40 °C and the sample set 
in the thermostatic bath, the measurements were 
started in triplicate, setting the flow time and then 
calculating the viscosity through Equation 1: 

𝑈 = 𝐶. 𝑡 (1) 

Being: 

Ʋ: kinematic viscosity (mm².s-1); 

C: capillary constant of viscometer (mm².s2), 
depending on inclination, diameter, and volume 
disposed on capillary; 

t: running time of sample(s). 

The electrical conductivity measurements of 
raw and purified glycerin samples were performed 
using a conductivity meter (Hanna-Edge), 
previously calibrated, and using the temperature of 
25 °C as reference. 

The Fourier-transform infrared spectroscopy 
(FTIR) of crude and purified babassu glycerin 
samples was analyzed using the Shimadzu IR 
Prestige 21 equipment, with intensity of vibrational 
modes expressed in Transmittance, and relying on 
the pellet technique with dry potassium bromide 
(Merk, 99.5%) pulverized and vacuum-pressed to 
form transparent disks. 

The glycerol content present in the purified 
babassu glycerin sample was obtained by Gas 
Chromatography connected to Mass Spectrometry 
(GC-EMS), Shimadzu GC-2010 brand equipment, 
with the Zebron Z8-FFAP capillary column (30m 
long x 0, 25mm internal diameter x 0.25μm of film 
thickness - polyethylene glycol) and linear velocity 
with drag gas flow. The sample was introduced into 
a Split injector with 1:50 ratio, where the capillary 
column separated the individual components, 
which were detected by the mass spectrometer. 
The components mass spectra were recorded, 
analyzed, and compared to standard spectra found 
in the library NIST -08 contained in the equipment. 

For the study of water content and thermal 
behavior of the crude and purified glycerin 
samples, the thermal analyses were performed to 
evaluate the loss of mass in function of 
temperature (TG), derived thermogravimetry 
(DTG), and differential scanning calorimetry (DSC), 
to characterize the stability of crude and purified 
glycerin samples using the thermal analyzer 
Netzsch STA 449 Jupiter model. Analyses were 
carried out under a nitrogen gas atmosphere, using 
between 72 to 108 mg of the sample in an alumina 
capsule. Thermogravimetric curves were obtained 
from the ambient temperature up to the maximum 
temperature of 800 °C, with a heating rate of 10 
°C.min-1. 

2.3 Synthesis of the ionic liquid catalyst 
pyridinium p-toluene sulfonate 
([Py+][p-TSA-]) and characterizations 

For synthesis of the ionic liquid [Py
+][p-TSA-], 

41.94 g of p-toluene sulfonic acid (APTS) and 19.6 
ml of pyridine, added dropwise, were combined 
with stirring using equipment IKA C-MAG H54 until 
complete homogenization of the reactional 
mixture, without heating. After the pyridine 
completely reacted with APTS, the burette was 
replaced by a serpentine condenser with water 
flow connected to a Vigrex column and controlled 
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at 80 °C for 10 hours. Subsequently, the reacted 
material was removed entirely from the flat 
bottom flask, transferred to beaker, and purified 
with petroleum ether to remove residues. All ether 
from petroleum was then filtered and the sample 
dried in an oven at 100 °C for 24 hours. This step 
was followed by the weighing and calculation of 
the yield. 

The thermal behavior of the ionic liquid was 
studied through the TG/DTG analysis using the 
Netzsch TGA209F3A-0323-L thermal analyzer. The 
analyses were performed under a nitrogen gas 
atmosphere using 27.5 mg of ([Py+][p-TSA-] in 
alumina capsule. Thermogravimetric curves were 
obtained from 40 °C to the maximum temperature 
of 600 °C, with a heating rate of 10 °C.min-1. The 
FTIR analysis of the ionic liquid catalyst ([Py+][p-
TSA-] was performed in a Shimadzu IR Prestige 21 
equipment, with intensity of bands expressed in 
Transmittance and use of KBr. The spectrums of 
Proton nuclear magnetic resonance of Proton (1H 
NMR) and carbon (13C NMR) were obtained on 
spectrometer Bruker DRX-400 (1H: 400 MHz; 13C: 
101 MHz) operating in transformed of Fourier using 
deuterated dimethyl sulfoxide (DMSO-d6) as 
solvent. Chemical shifts were recorded in δ (ppm) 
relative to tetramethylsilane (TMS) as internal 
standard.  The characterization NMR of 1H and 13C 
were based on chemical shift (δ) and coupling 
constant (J), peak integration and spectra 
simulation, using nuclei numbering of H, according 
to the structure of the ionic liquids synthesized. 

2.4 Experimental design for production 
bio-ether of glycerol 

Etherification reactions were performed using 
pure glycerin (Synth, 99.5%) and babassu glycerin 
in a Synthwave MA 167 (Milestone Helping 
Chemists) equipment, applying a stainless steel 
reaction camera system, covered with a PTFE 

container with 1 L, using magnetic stirrer, being 
pre-charged with nitrogen gas before heating by 
microwave radiation. 

Initially, a factorial design was developed using 
three variables: temperature (°C), molar ratio of 
benzyl alcohol/glycerin (BA/G), and amount of 
catalyst in relation to glycerin (% m/m), keeping 
constant the microwave power at 1200W and 
reaction time of 30 minutes. Afterwards, a Central 
Compound Design was carried out, taking into 
account the temperature (°C) and the quantity of 
ionic liquid catalyst (wt%), maintaining the molar 
ratio BA/G (4/1), the microwave power (1200W), 
and the reaction time (30 minutes), resulting in 13 
randomized trials with variables levels described in 
Table 1. 

The catalytic activity of the synthesized ionic 
liquid was verified through factorial design using 
pure glycerin, followed using crude glycerin of 
babassu, and glycerin after purification to produce 
bioethers. 

The method applied for quantification  was 
external standardization using  analytical curve, of 
commercial chromatographic patterns  (R) (±) -3-
benzyloxy-1,2-propanediol (Fluck, 97%), (R) (±) -3-
benzyloxy-1,2-propanediol (Fluck, 97%), 1,3-
dibenzyloxy-2- propanol (Aldrich, 97%) and 
dibenzyl ether (Fluck, 98%) by linear regression 
analysis to calculate the selectivity of the ethers 
and conversion of glycerin (Equation 2), using Gas 
Chromatography with Detector by Ionization in 
Flame  (GC- DIF), Shimadzu GC-2010 equipment, 
with auto injector  AOC-20i, column Equity TM 1 
(Sulpelco, Inc)  (30mx0.25mmx0.25μm) with 
temperature of detector set at 250 °C, using 
injection mode split ratio with flow of 1,6 ml/min. 

The programming occurred with initial 
temperature of 90 °C, remaining for 3 minutes at 

Table 1. Operating conditions of the factorial design: investigated factors, levels, and central point. 

 

Investigated Factors 

 

Coded 

Range and Levels 

Low Level 

(-1) 

Central Point 

(0) 

Hight Level 

(+1) 

Temperature (°C) T 150 165 180 

Molar ratio benzyl 

Alcohol/gycerol (mol) 

BA/G 1:1 2.5:1 4:1 

Catalyst concentration (wt%) C 5 7.5 10 
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that ramp and temperature rate 10 °C/min. Then, 
230 °C for 8 minutes at a speed of 20°C/min up to 
320° C, maintained until the end of the race at 
29.50 minutes. 

Cglycerin (%) = [(Ci – Cf)/Ci] x 100 (2) 

Ci  =  initial concentration of glycerin; 

Cf  = final concentration of glycerin. 

 

3. RESULTS AND DISCUSSIONS 

3.1 Treatment and purification of glycerin 

Figure 1 shows the steps involved in the 
production of babassu glycerin (a), its treatment 
with phosphoric acid (b), and the production of 
purified babassu glycerin compared to crude 
glycerin (c). The acidification process favored the 
creation of a heterogeneous system (Figure 1b), 
comprised of an upper liquid and darker phase, rich 
in fatty acids, a lower solid white phase, consisting 
of potassium phosphate salts, and an intermediate 
liquid phase, rich in glycerin and containing some 
methanol. 

The methanol was evaporated after treatment 
with the acid, so that the sample would not 
become too viscous, making it difficult to apply 
magnetic stirring. After the separation of the 
residual methanol in the glycerol phase, we 
obtained a glycerin with a lighter coloration than 

that presented by the crude glycerin separated 
from the biodiesel. (Figure 1c). 

Table 2 shows results of analysis GC-MS of the 
composition of biodiesel, babassu glycerin, fatty 
acids, and purified glycerin with commercial talc 
(CT). The glycerol content of the crude babassu 
glycerin was detected at 65.66%, due to the 
presence of unreacted esters and fatty acids. After 
glycerin treatment, the fatty acids were separated 
and the majority of the glycerin present in the 
babassu glycerin were lauric (52.11%), caprylic 
(15.60%) and myristic (12.10%) acids, resulting in 
an increase in glycerol content after purification 
with commercial talc (CT) to 97.83%, confirming 
the complete elimination of esters, leaving a very 
small amount of palmitic and oleic acids, 0.90 and 
1.27%, respectively. 

The spectra of babassu glycerin purified with 
talc were superposed on the spectrum of crude 
glycerin, derived from babassu biodiesel (Figure 2), 
showing a similarity in the vibrational modes, 
precisely in the same regions, such as vibrations of 
angular deformation in the O-H plan around 
3391cm-1 relative the hydroxyl of the alcohols and 
axial stretching characteristics of the methylene 
observed in regions 2928 and 2851 cm-1. The 
vibrational modes in 1110.9 and 1041.5 cm-1 
regions are attributed to the link stretching C-O 
and at 1404.1 cm-1. We noted a coupling band of 
the deformation of methylenes and links C-O-H of 
the hydroxyls (Silverstein et al., 2013). 

 

Figure 1. Production of babassu glycerin (a), treatment (b), and purification with commercial talc (c). 
F1, phase with the presence of fatty acids in babassu glycerin. 
F2, glycerin-rich phase with presence of methanol 
F3, phase containing inorganic salts 
GB_TC, sample of babassu glycerin after purification with commercial talc. 
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Additional vibrational modes at 1558 and 1651 
cm-1 were observed in the sample of crude glycerin 
of babassu (GB crude), indicating the presence of 
impurities containing carboxylate ion and axial 
deformation vibrations at 1747 cm-1, indicating the 
presence of carbonyl group (C=O) of an ester 
and/or carboxylic acids, evidencing the absence of 
such vibrational modes in the purified glycerin 
samples. 

Table 3 presents the analyses of the 
physicochemical characteristics of crude glycerin of 
babassu (GB crude), purified glycerin of babassu 
with coal talc (GB_CT), and pure glycerin (G_PA) in 
regards to pH, density at 20 °C, viscosity at 40 °C, 
conductivity, and content of water. 

Glycerol samples had acidic pH, because the 
neutralization step of the sample was ruled out to 
remain with pH next to 6, which is the pH of the 
commercial glycerin, due to the acidic 
environment, favoring the conversion to bioethers 
through the etherification reaction of glycerin. The 
density of purified glycerin of babassu was very 
close to the one found for commercial glycerin 
(1.26 g.cm-1). The kinematic viscosity was made at 
40°C using the ASTM used for biodiesel samples, 
which is not commonly found in the literature, 
giving very viscous samples to purified glycerin of 
babassu. 

As the conductivity depends on the number of 
ions present in the samples. The results were 

Table 2. Composition of babassu biodiesel, glycerin separated from babassu biodiesel, fatty acids present in the 
glycerin, and babassu glycerin phase after purification with talc. 

Fatty acid methyl 
esters obtained by 
transesterification of 
the babassu oil (%) 

Crude glycerin extracted 
from babassu oil biodiesel 

(%) 

Fatty acids in babassu 
glycerin (%) 

Babassu glycerin 
purified with CT (%) 

Caprylic 7.09 Methyl 
caprylate 

2.04 Caproic acid 1.54 Glycerol 
 

97.83 

Capric  7.00 Methyl laurate 20.45 Caprylic acid 15.60 Palmitic acid 0.90 
Lauric 24.55 Methyl 

myristate 
7.65 Capric acid 9.37 Oleic acid 1.27 

Myristic 21.62 Methyl 
palmitate 

3.69 Lauric acid 52.11   

Palmitic 12.62 Glycerol 56.56 Myristic acid 12.10   
Stearic 4.85 Methyl 

stearate 
0.73 Palmitic acid 4.00   

Oleic 19.74 Methyl oleate 6.065 Oleic acid 5.28   
Linoleic 2.32 Lauric acid 2.12     
Linolenic 0.21 Linoleic acid 0.70     

 

 

Figure 2. Spectrum in the FTIR region of  babassu crude glycerin and glycerin after purification with talc. 
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coherent because the conductivity of the samples 
in the crude glycerin was higher, due to the 
presence of fatty acids and basic catalyst residues, 
which decreased after elimination of some of these 
residues, not reaching a conductivity of 0.28 μS.s-1, 
corresponding to that of commercial glycerin, since 
the purified samples were not neutral. 

In the TG/DTG curve of the purified glycerin of 
babassu with talc samples (Figure 3a), the water 
content of 3.72% for purified glycerin was 
identified. The crude glycerin had 8.34% and the 
pure glycerin presented 0.42% of water loss, with 
Tonset 18.3° C and Tendset 121.9° C, due to the 
hygroscopic nature of the reagent, also observed 
by Castelló et al. (2009), who identified the 
content of water by thermal analysis, obtaining 
4.32% in relation to the humidity of the neutralized 
glycerin sample. Castelló et al. (2009), in their 
study, identified water content in glycerin samples 
using the Karl Fisher coulometric titrator and 
performing a thermogravimetric analysis, obtaining 
very close results in both methods, with water 

contents of 0.6% (Karl Fisher) and 0.5% 
(thermogravimetry), values very close to those 
obtained in this study. 

Figure 3 (b) shows DSC curves for crude glycerin 
samples of babassu, overlapping with those of 
purified glycerin and pure glycerin, showing that 
talc was essential in the purification of crude 
glycerin. It observes three events in the crude 
glycerin curve due to the presence of impurities: 
the first one related to the methanol content, 
coming from the production of babassu methyl 
biodiesel; the second concerned to the water 
content, much higher than the purified samples; 
and the third related to the degradation of the 
glycerin, with temperature close to 267.2 °C. 

The curved purified glycerin (GB_TC) presented 
two events related to the water content and 
volatile materials, with boiling temperature close 
to that of pure glycerin, as showed in endothermic 
event next to the boiling point of glycerol (290 ºC), 
area where energy is absorbed. 

Table 3. Physicochemical analyses of purified and crude glycerin of babassu. 

Characteristics GB_crude GB_CT G_PA 

pH 12.84±0.01 2.27±0.01 6.21±0.02 

Density (20 °C) / g.cm-1 1.03±0.02 1.22±0.01 1.26±0.01 

Viscosity (40 °C) / cSt 6.57±0.03 37.92±0.05 214.02±0.06 

Conductivity / μS.s-1 2,364±1.15 76.43±0.06 0.28±0.01 

Content of water / % 8.34±0.05 3.72±0.04 0.42±0.02 

GB_crude – Glycerin of original babassu 
GB_TC – Purified glycerin of babassu with commercial talc 
G_PA – Glycerin of analytic purity (Synth, 99,5%) 

 
 

Figure 3. Characterization of purified and crude glycerin. (a) TG/DTG characterization of purified glycerin (b) DSC 
characterization of pure, crude, and purified glycerin. 
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3.2 Preparation and characterization of 
ionic liquid 

The ionic liquid catalyst p-toluenesulfonate of 
synthesized pyridinium [Py+][p-TSA-] was presented 
at room temperature as a pasty, viscous liquid with 
white crystal- like color. The final yield of the 
synthesis of the ionic liquid catalyst was 73.75%. 

Figure 4 shows the spectra of the ionic liquid 
catalyst [Py +][p-TSA-] and the input reagents for its 
synthesis: pyridine (Py) and p-toluene sulfonic acid 
(PTSA). 

The ionic liquid shows absorption of axial 
deformation of the group NH in the region 3500-
3220 cm-1 indicating heteroatoms, which contains 
an N-H group, in which the frequency of absorption 
depends on the physical state of the sample and 
the polarity of the solvent [28], axial deformation 
of C-N of heteroaromatic as pyridines in the region 
3066 cm-1, and angular deformation vibrations 
outside the plan C-H of the adjacent hydrogen 
atoms of the aromatic rings arising between 900 
and 675 cm-1. 

In the region between 1650 and 1580 cm-1 we 
note a symmetrical angular deformation in plan N-
H and vibrational modes of different intensities in 
the range 1600-1430 cm-1, corresponding to the 

axial deformation of C-C and C-N in pyridine ring. 
The absorption bands for the sulfonic acids S(=O)2 
are verified in the region 1230 at 1120 cm-1 
(Silverstein et al., 2013). The formation of the ionic 
liquid catalyst is characterized by the vibrational 
mode in the region 817 cm-1, characteristic of the 
para disubstituted aromatic rings and the vibration 
of the SO3- anion in the 1122cm-1 region (Kulkarni 
et al., 2005). 

The structure of ionic liquid p-
toluenesulfonated of pyridinium was confirmed by 
the analysis of nuclear magnetic resonance of 
proton (NMR 1H) and carbon (NMR 13C).  

1H NMR (400 MHz, DMSO) δ (ppm) 8.96 (d, J = 5.1 
Hz, 2H), 8.65 (tt, J = 7.9, 1.6 Hz, 1H), 8.14 – 8.08 (m, 
2H), 7.54 (d, J = 8.0 Hz, 2H), 7.14 (d, J = 7.8 Hz, 2H), 
2.28 (s, 3H). 13C NMR (101 MHz, DMSO) δ 147.20, 
145.43, 142.34, 138.59, 128.70, 127.85, 125.97, 
21.25. 

The thermogravimetric curve of the ionic liquid 
[Py+][p-TSA-] is shown in Figure 5, verifying through 
the thermogram TG/DTG, the first event with loss-
mass of 51.66%, corresponding to pyridine 
compounds with maximum decomposition rate at 
306 °C, and a second event, presenting 42.78% 
mass loss, with degradation final temperature at 
360.72 °C. 

 

 

Figure 4. FTIR analysis of ionic liquid [Py+][p-TSA-]. 
Py – Pyridine; APTS – p-toluenesulfonic acid; Py+p-TSA- – pyridinium p-toluenesulfonate 
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Starting from the initial mass of sample 27.5 mg, 
considerable mass loss is observed, leaving only 
5.66%, i.e. 1.53 mg of the initial mass residue at the 
temperature of 597.5 °C. Thus, for the reaction and 
etherification of glycerin, the ionic liquid can be 
used below its decomposition temperature (330.6 
°C), above this temperature it lacks stability and 
thermal resistance. 

A similar behavior was observed by MacFarlane 
et al. (2002) in the study on ionic liquids based on 
imidazolium, ammonium, and pyrrolidinium salts 
with dicyanamide anion, in which the 
thermogravimetric curves presented for these ionic 
liquids show no weight loss under temperatures up 
to 200° C, providing a large and stable range for 
ionic liquids. Decomposition temperatures for 

ammonium, pyrrolidinium, and imidazolium salts 
were 230, 250, and 275 °C respectively, thus, 
thermally stable up to 200 °C (MacFarlane et al., 
2002). 

3.3 Experimental design and data analysis 

Optimizing the reactional conditions of the 
production of glycerol ethers using microwave 
heating, central composite design (CCD) was 
performed, with the factors temperature (150 - 
180 °C) and amount of catalysts (5 - 10%) and ratio 
AB/G (4/1), with replicates at the central point, to 
provide an estimate of pure error and axial points 
to determine the quadratic terms and to identify 
the optimal point to be applied in the etherification 
of glycerin from babassu biodiesel. 

Studies on the production of biodiesel from 
peanut oil, in which an experimental design 
associated with response surface methodology was 
used, favored a good yield, as it indicated an 
optimal temperature range and alcohol/oil molar 
ratio (Nunes et al., 2021), proving to be a 
methodology that effectively contributes to 
improving and optimizing processes. 

The central composite design consisted of 4 
factorial points, 4 axial points, and 4 central points, 
totaling 12 trials, with levels studied for each factor 
(Table 4). Conversion of glycerin, selectivity to 
benzyl monomers of glycerin (BMG) and benzyl 
diethers of glycerin (BDG) were the dependent 
variables. 

 

Figure 5. Thermogravimetric curves for mass loss 
with temperature (blue color) and first derivative of 

the mass loss curve (red color) for LI[Py+][p-TSA-]. 

 

Table 4. Experimental design and results according to the rotational central composite design on the 
etherification of glycerol assisted by microwave irradiation. 

 

 

Run 

Experimental variables Responses 

Temperature 

(°C) 

Catalyst 

(wt%) 

Conversion 

Xgly (%) 

Selective BMG (%) Selective BDG (%) 

1 -1 (150) -1 (5) 54.25 14.08 0.81 

2 -1 (150) 1 (10) 71.82 14.72 0.75 

3 1 (180) -1 (5) 75.04 58.87 15.08 

4 1 (180) 1 (10) 92.45 56.10 21.08 

5 -1.4142 (143.78) 0 (7,5) 61.83 11.94 0.05 

6 1.4142 (186.21) 0 (7,5) 61.76 39.51 12.67 

7 0 (165) -1.4142 (3.96) 59.79 25.62 2.14 

8 0 (165) 1.4142 (11.03) 72.26 50.13 11.12 

9 0 (165) 0 (7.5) 92.10 54.11 9.11 

10 0 (165) 0 (7.5) 75.44 49.54 12.87 

11 0 (165) 0 (7.5) 91.29 48.01 24.11 

12 0 (165) 0 (7.5) 80.85 39.48 9.45 

Reaction time = 30 min 
Power of microwave = 1200 W 
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The factors studied in quadratic terms were 
important, with temperature being the most 
influential factor, as shown in the Pareto chart 
(Figure 6(a)), consistent with the tendency of the 
temperature increase to favor the conversion of 
glycerin to ethers. 

Figure 6 (b) presents a graphical analysis, 
comparing predicted values versus observed 
values, in which the deviation of the straight line 
through the origin is small and the points show a 
linear trend, indicative of the model fitting. 

Table 5 shows the analysis of variance (ANOVA) 
applied to test the mathematical modeling with 
95% level of significance. Through the F test, we 
verified that the variation of the independent 
variable had a significant influence on the variation 
of the dependent variable, so the calculated value 
of F (Fcalc) 11.99 is greater than the value of F 
tabulated (Ftab) 4.39, for regression/residue, and 
Fcalc 3.96 is less than the value of Ftab 9.27 for lack of 
fit and pure error. Therefore, this hypothesis was 
verified for the glycerol conversion, indicating that 
the model generated describes the phenomenon 
adequately. 

(a) 

(b) 
 

Figure 6. Statistical analysis results towards selective ether of glycerol (%) at 95% confidence level (p<0,05): (a) 
Pareto chart showing the contribution of the main factors and their interactions; (b) Observed versus predicted 

values. Consider comma as point. 

Table 5. Analysis of variance (ANOVA) of the Selective Glycerol Etherification. 

Source of 

variation 

Sum of squares 

(SS) 

Degree of 

freedom (df) 

Mean squares 

(MS) 

Fcal Ftab(95%) 

Regression 6031.556 5 1206.3112 11.99 4.39 

Residual 603.568 6 100.5948   

Lack of Fit 481.9127 3 160.6376 3.96 9.27 

Pure Error 121.6563 4 40.55209   

Total 6635.125     

 R² = 0.9093; Adj R² = 0.83375 
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The quadratic model was obtained for the 
conversion of glycerin, in which variables X1 e X2 
are temperature and concentration of the catalyst, 
respectively, and Y is the glycerin conversion 
response. For the variable response in question, 
the correlation coefficient (R²) obtained was 
0.90932, with a maximum percentage of 
explainable variation of 0.9816, which corresponds 
to the relation of the difference between the total 
quadratic sum and the quadratic sum of the pure 
error divided by the total quadratic sum, (SQT – 
SQep)/SQT. Therefore, it is considered the pure error 
in relation to the variations occurred in the tests, 
since the model has a coefficient of approximately 
100%, and the model does not show a lack of 
adjustment. Within the established significance 
level, the quadratic model adjusted for the coded 
values of the variables is represented in Equation 
(3): 

𝑌 = 71.72 + 15.64𝑋1 + 4.07𝑋2 − 0.85𝑋1. 𝑋2

− 21.96 𝑋1
2 −  15.88𝑋2

2 
(3) 

Figure 7 shows the response surface graph 
generated by the model, in which the ratio 
between conversion of glycerin and the significant 
response variables, temperature and catalyst 
concentration, is shown graphically. For this, the 
ratio AB/G (4/1) and the 30-minute reaction time 
were defined using microwave energy, and it was 
possible to verify the advantage of modeling the 
data, clearly showing that the glycerin conversion is 
optimized for the system studied. 

3.4 Etherification of glycerin of babaçu 

After optimizing reaction conditions for the 
production of pure glycerol ethers using the ionic 
liquid [Py+][p-TSA-] through the Central Composite 
Planning and response surface, etherification with 
purified glycerin of babassu with talc was carried 
out to use benzyl glycerol to produce benzil 
bioethers using the following optimized conditions: 
temperature (170 °C), catalyst (7.8%), molar ratio 
BA/G (4/1), microwave power (1200 W) in 15, 30, 
60, and 120 minutes of reaction (Figure 8). 

At 15 minutes of reaction time, the conversion 
of glycerin was 76.33% of the bioethers of babassu, 
although at that time the production of the 
diethers did not occur, but only monoethers of the 
babassu glycerin. With 30 minutes of reaction, 
there was conversion of 78.9% of glycerol and 
selectivity for mono and diether, and the best 
result was obtained with 60 min of reaction with 
87.4% conversion and selectivity of 39.13% for 
bioethers of babassu glycerin. 

The main products obtained at retention times 
19.171 min and 28.932 min were (R) (±) - 3-
Benzyloxy-1,2-propanediol (BMG) and 1,3-
Dibenzyloxy-2-propanol (BDG), identified in the 
chromatogram GC-EM of the reaction product of 
the etherification of babassu glycerin using the 
ionic liquid [Py+][p-TSA-] in assisted reactions by 
microwaves. 

 

 

 

Figure 7. Response surface graph for the interaction of variables temperature and catalyst concentration. 
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Etherification reactions also occurred with 
crude glycerin without any treatment, although 
they had not been converted into babassu 
bioethers, probably because of the low glycerol 
content and the large amount of waste led to 
disabling the catalyst. 

 

4. CONCLUSIONS 

The methodology used for the treatment and 
purification of glycerin was effective because, 
through the use of relatively simple methods with 
minimal energy and resource utilization, it was 
possible to remove the contaminants found in the 
glycerin samples of babassu biodiesel. 

The commercial talc showed to be an excellent 
adsorbent of glycerol impurities, besides being low 
cost and an alternative to the use of activated coal, 
increasing the glycerol content in the glycerin 
samples of babassu biodiesel above 96%, 
contributing to its use in etherification reactions to 
produce bioethers. 

The results obtained through the analysis of 
variance for central composite planning showed 
that the effects of temperature and quantity of 
catalyst were statistically significant, with a 
confidence level of 95%, in obtaining bioetheres 
from babassu glycerin assisted by microwaves. We 
verified that the quadratic model fitted well the 
experimental data with the coefficient of 
determination equal to 0.9093, demonstrating an 
adequate modeling. 

The reactions assisted by  microwaves showed 
good selectivity for babassu bioethers with a 

conversion of 87.4% in relatively short times in 
relation to using conventional heating,  being 
evident that the use of the ionic liquid [Py+][p-TSA-] 
presented catalytic activity in etherification 
reactions, demonstrating the possibility of 
conversion of the residual glycerin of biodiesel as 
an alternative to obtain oxygenated compounds, 
which can be used as fuel additives, with 
formulation capacity for diesel and biodiesel. 
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