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Abstract

Biodiesel has advantages such as the ability to totally or partially replace fossil diesel, as well as being a renewable source
of energy. However, in the purification stage, the conventional aqueous washing method has a major environmental
impact due to the high consumption of water to carry out the purification. With this in mind, this study sought to evaluate
an alternative adsorption method in the biodiesel purification stage, in terms of the contaminant free glycerol. Three
commercial clays were used, called green, pink and white clays, which were characterized using XRF. From the
adsorption kinetics, using 50 mg of each clay at 30°C for 5, 10, 20, 30, 60, 90 and 1440 minutes, it was possible to assess
the percentage removal and adsorption capacity of each clay. All the clays were able to adsorb free glycerol, and among
the three adsorbents, green clay achieved the highest percentage of glycerol removal (59%) and the highest adsorption

capacity (524 mg/qg). Thus, the application of natural clays in the biodiesel purification process has great potential.
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1. Introduction

The main justification for the production of
biodiesel is based on global concern about climate
change, which includes replacing oil-based sources
with renewable ones [1]. The conventional biodiesel
production route is transesterification, and the
method used to purify it is agqueous washing.
However, washing with water is not only costly, but
also has an environmental impact due to the large
consumption of water and consequent generation of
effluents [2].

In recent decades, alternative purification
methods have been explored, such as adsorption,
and free glycerol, as one of the main contaminants
in biodiesel, is used as a parameter to assess the
quality of purified biodiesel [3].

Low-cost adsorbents such as passion fruit seed
meal [4] and sugarcane bagasse [5] have already
been evaluated in the removal of free glycerol from
biodiesel and have shown efficiency in this process.

The aim of this study was to evaluate the
adsorption capacity of natural clays in removing free
glycerol from biodiesel.

2. Experimental

2.1 Biodiesel production

The biodiesel used in the adsorption tests was
produced using soybean oil refined by alkaline ethyl
transesterification. 1% catalyst (NaOH) was used in
relation to the mass of oil and an oil: ethanol ratio of
1:7.5. The reaction was kept stirring at 45°C for one
hour at 170 rpm.

After transesterification, the excess alcohol was
removed by evaporation and the mixture was left to
stand for 48 hours to separate the heavy phase
containing the glycerol from the light phase
containing the biodiesel. The heavy phase was
discarded and the light phase was used for the tests.
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2.2 Characterization of clays

Three commercial clays were used, identified in
this work according to their color: green, pink and
white. The clays were characterized by X-ray
fluorescence  spectroscopy  (XRF),  X-ray
diffractometry (XRD) and textural parameters.

2.3 Adsorption kinetics

The adsorption capacity of the clays in terms of
removing free glycerol from the biodiesel-rich phase
was investigated using adsorption kinetics. For this
test, 25 mL of biodiesel and 50 mg of clay were used
in each flask. The adsorption times were 5, 10, 20,
30, 60, 90 and 1440 minutes. The samples were kept
stirring at 170 rpm in a shaker (Marconi - Model
MA42) at 30°C. At the end of the experiment, the
adsorbent was separated from the solution by
vacuum filtration using 80 g m? quality filter paper.

The adsorption capacity of free glycerol and the
percentage of removal were calculated using
Equations 1 and 2, respectively, with the Co and C.
concentrations being measured by titrimetric
analysis, based on the work of Gomes et al. [6].
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3. Results and discussion

Figure 1 shows the diffractogram with the
crystalline phases present in the pink, green and
white clays. Based on Figure 1, the pink clay is
formed mainly by dolomite, whose characteristic
peaks corroborate those presented in the work by
Downs et al. [7]. In smaller quantities, the clay
contains minerals such as kaolinite, calcite and
guartz. Green clay is mostly composed of the
mineral mica (muscovite), as well as
montmorillonite, kaolinite, calcite and quartz, and
these minerals were also found by Amari et al. [8].
White clay, on the other hand, is made up mainly of
kaolinite, indicated by refractions at degrees two
theta equal to 12.4°, 24.9°, 35°, 36°, 37°, 38° and
39°.
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Fig. 1. XRD of a) pink, b) green and c¢) white clays.

The clay-forming minerals were identified in
conjunction with XRF analysis, as shown in Table
1. The main oxide detected in the green clay was
SiO,, which accounted for more than half of the
sample (54.2%) by mass, followed by Al,Osz which
accounted for 27.9% of the clay composition. These
results are consistent with the phases indicated by
XRD, since the chemical formulas of quartz and
muscovite show the oxides detected. This clay has
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an iron content of 8.61%, and the presence of this
oxide was also reported by Velasco et al [9].

Table 1. Chemical composition of green, white
and pink clays using XRF analysis.

Chemical Clay _
Composition Green White Pink
(%m) (%m) (%m)
SiO; 54.2 46.1 21.6
Al,O3 27.9 52.8 10.7
CaO 2.75 0.064 50.1
Fe.0s 8.61 0.345 2.13
MgO 1.28 0.0633 13.6
K20 3.63 0.384 1.41
Na.O 0.118 0.0358 0.0959
P20s 0.463 0.0548 0.0209
TiO; 0.893 0.0645 0.31
MnO 0.154 - 0.0421

In contrast, white clay is mostly made up of Al.O;
(52.8%) and SiO- (46.1%). Based on the chemical
formula of kaolinite, the XRD and XRF analyses
corroborate each other. For pink clay, 50.1% of the
sample is made up of CaO. This result was expected,
given that dolomite and calcite have calcium in their
composition. In addition, iron oxide, which accounts
for 2.13% of the clay, is possibly responsible for the
color of this clay.

With regard to textural parameters, the pink, white
and green clays had specific surfaces of 1, 12 e 111
m?g?, and pore volumes of 0.0045, 0.06 and 0.184
cm® g%, respectively.

Regarding the removal of free glycerol using the
clays, the results obtained are summarized in Figure
2. The three clays were able to remove free glycerol,
with maximum values of 59.4, 53.7 and 49% for the
green, white and pink clays, respectively. In the first
five minutes of adsorption, only the pink and white
clays removed the contaminant. However, in this
time interval, removals of less than 7% were
achieved.

Over time, the green clay showed better free
glycerol removal compared to the others, reaching
its maximum value in 60 minutes. Pink clay, on the
other hand, showed low removal values throughout
the test. For the three clays, it can also be seen that
after 60 minutes (green clay) and 90 minutes (pink
and white clays) there was a desorption process
which reduced the free glycerol removal achieved.
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Fig. 2. Removal of free glycerol using natural clays.

With regard to adsorption capacity (Table 2),
expressed in mg of adsorbate per g of adsorbent, it
can be seen that white clay showed the lowest
results as a function of time, followed by pink clay.
Green clay, on the other hand, not onIE/ showed the
highest percentage removal of glycerol, but also the
highest adsorption capacity, reaching a value of 524

mg/g.

Santos et al. [10], when studying the adsorption of
free glycerol from biodiesel with a clay from
ceramic waste, composed of 56.5% silica and 35.7%
alumina, concluded that adsorption was promoted
by the affinity of glycerol with silica and alumina.
Based on the XRF analysis, the green clay has the
highest amount of silica because it is mostly
composed of quartz and muscovite, which may have
helped to increase its adsorption capacity. In
addition, this clay has a much higher specific
surface area than the others.

Table 2. Adsorption capacity of free glycerol
using natural clays.

gt (mg/g)
Time Green White Pink
(min) clay clay clay
5 0 30.59 43.69
10 161.67 52.43 61.17
20 436.95 65.54 65.54

30 445.69 83.02 87.39
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60 524.34 126.72 170.41
90 441.32 251.25 338.64
1440 480.65 150.75 310.23

In addition, the free glycerol removals achieved by
Santos et al. [10] ranged from 57.9 to 81.2%, the
latter result being obtained with 5% (w/v) clay at
50°C. Thus, there is Ipotential for obtaining dgreater
contaminant removals with green, pink and white
clays when carrying out an adsorption isotherm
study.

Considering the better performance of the green
clay, the kinetic data was plotted and the pseudo-
first order model fitted to the experimental data, as

shown in Figure 3.
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Fig. 3. Pseudo-first order kinetic model fitted to
experimental data with green clay.

Using the pseudo-first order kinetic fit, a g. of
498.9 mg g* was obtained with an R? of 0.8216. The
pseudo-first order model was the best fit for the
experimental data and proposes that adsorption is
proportional to the number of free sites.

4. Conclusion

This study investigated the use of natural clays
(green, pink and white) as adsorbents in the
purification of biodiesel. Of the results found,
green clay was the most outstanding, consisting of
54.2% silica and 27.9% alumina. Using 50 mg of

clay at 30°C, it was possible to achieve 59.4%
removal of free glycerol and an adsorption
capacity of 524 mg/g, after 60 minutes of
adsorption. Thus, the use of natural clays has
potential in the biodiesel purification process.

Acknowledgements

The authors would like to thank CNPQ for
supporting research in Brazil and UEM for the
structure provided to carry out this work.

References

[1] Qadeer MU, Ayoub M, Komiyama M, et al. Review
of biodiesel synthesis technologies, current trends,
yield influencing factors and economical analysis of
supercritical process. J Clean Prod 2021;309;127388.

[2] Saleh J, Tremblay AY, Dubé MA. Glycerol removal
from biodiesel using ~membrane separation
technology. Fuel 2010;89;2260-66.

[3] Atadashi IM, Aroua MK, Aziz ARA, et al. Refining
technologies for the purification of crude biodiesel.
Appl Energy 2011;88;4239-51.

[4] Paschoal SM, Sgorlon JG, Gama L, Scheufele FB,
Gomes MCS. Application of passion fruit seed meal
in alternative biodiesel purification process: study of
glycerol adsorption mechanism and incorporation into
polymeric membrane. Biofuels 2023;14;957-66.

[5] Alves MJ, Cavalcanti IV, Resende MM, et al.
Biodiesel dry purification with sugarcane bagasse. Ind
Crop Prod. 2016;89;119-27.

[6] Gomes MCS, Moreira WM, Paschoal SM, et al.
Modeling of fouling mechanisms in the biodiesel
purification using ceramic membranes. Sep Purif
Technol 2021;269;118598.

[7] Downs RT, Bartelmehs, KL, Gibbs, GV, Boisen
MBJR. Interactive software for calculating and
displaying X-ray or neutron powder diffractometer
patterns  of crystalline materials.  American
Mireralogist 1993; 78; 1104.1107.

[8] Amari A, Gannouni, H, Khan MI, et al. Effect of
structure and chemical activation on the adsorption
properties of green clay for the removal of cationic
dye. Appl. Sci 2018; 48; 127-132.

[9] Velasco VR, Zague V, Dario MF, et al.
Characterization and short-term clinical study of clay
facial mask. Rev Cién Farm Basica Apl 2016;37.

[10] Santos FD, Conceicdo LRV, Ceron A, Castro HF.
Chamotte clay as potential low cost adsorbent to be
used in the palm kernel biodiesel purification. Appl
Clay Sci 2017;149;41-50



