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Abstract
The study aimed to obtain distilled fractions from babassu oil esters. A simulation of ester distillation was performed and
compared with the results obtained from an actual distillation unit. Simulations were evaluated for both batch and continuous
operations. However, the results from the continuous simulation showed a smaller percentage variation compared to the fractions
obtained from the developed system. It was observed that the product from batch distillation contained higher fractions of
constituents that could affect its flow properties. One such constituent, Methyl Esters (C18), had a pour point of 39.30°C. The
continuous system operated with a reflux ratio (RR) of one. The product sample BK011107 had a pour point of -21.00°C, while
samples from the batch system (BK0507F1) had a pour point of -18.00°C. A NRTL model was used in the simulation. The
continuous process in the real distillation system yielded better compositional results.
Keywords: Methyl Esters, Distillation, Freezing Point.

Resumen
La obtención de fracciones destiladas de los ésteres del aceite de babassu se realizó en este trabajo. Así, se realizó una simulación
de la destilación del éster y se comparó con el resultado obtenido en una unidad real. Por lo tanto, las simulaciones del sistema se
evaluaron cuando está trabajando por lotes y continuamente. Sin embargo, los resultados de las muestras obtenidas por simulación
continua trajeron un porcentaje de variación más pequeño con los valores de fracciones obtenidos en el sistema desarrollado. De
la observación, se concluye que el producto obtenido de la destilación por lotes mostró altas fracciones de constituyentes que
pueden afectar sus propiedades de flujo. Entre estos elementos, se encuentran los ésteres metílicos (C18) que muestran un punto
de fluidez de 39,30°C. Entre las porciones obtenidas, el sistema que trabaja continuamente con una relación de reflujo (RR) igual
a uno. El producto de la muestra BK011107 indicó un punto de flujo igual a -21,00°C. Las muestras del sistema que operan en
lote (BK0507F1) presentaron un punto de flujo igual a -18,00°C. Se ha utilizado un modelo NRTL en el simulador. El proceso
continuo en un sistema de destilación real funcionó mejor en términos de composición.
Palabras clave: Ésteres metílicos, Destilación, Punto de congelación.
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1 Introduction

The increasing global population, the need for
new energy sources, and public awareness of the
importance of cleaner fuels have made biodiesel a
promising product. Studies and the development of
new technologies are proving to be more efficient
compared to fossil fuels and have less impact on nature
(Araújo et al., 2010; Atadashi et al., 2011; Wang
et al., 2014; Sánchez-Cárdenas et al., 2021; Aldana-
González et al., 2022). As a result of this scenario,
there has been an increase in demand for materials that
can be used for biodiesel production. Raw materials of
vegetable or animal origin have been widely sought
after because they contain triglycerides, which can be
converted into methyl or ethyl esters. These materials
are easily accessible and assist in the separation of
glycerine (Dunn et al., 1996; Glisic et al., 2007; Han
et al., 2017; Sotoft et al., 2007; Torres et al., 2011;
Okolie et al., 2023; Yusuff et al., 2023).

The primary method of biodiesel production is
through a chemical process called transesterification.
This process involves the use of an alcohol, typically
methanol or ethanol, a catalyst (either basic or acid),
and an ester derived from animal or vegetable sources.
The molar fraction of alcohol to ester is typically
3:1. The ester itself is derived from carboxylic acids,
specifically triglycerides found in long-chain form in
oils (Panchal et al., 2020; Soares et al., 2020; Pandit
et al., 2023). Several factors can affect this chemical
process, including the type and purity of the reactants
and catalyst, the molar ratio, stirring of the mixture,
temperature, and reaction time (Kumbhar et al., 2022).

The boiling, freezing, and pour points of fatty acids
are determined by factors such as the length of the
carbon chain, the presence or absence of double bonds,
and chemical interactions. These factors directly affect
the choice between fatty acid methyl esters or fatty
acid ethyl esters (Imahara et al., 2006; Wes et al.,
2008; Mota et al., 2010; Liston et al., 2016; Miller
et al., 2022; Malode et al., 2022). Triacylglycerols
primarily composed of saturated fatty acids have high
melting points, meaning they remain in a solid state
at room temperature. On the other hand, triglycerides
composed of unsaturated and polyunsaturated fatty
acids have lower melting points and remain in a liquid
state at room temperature (Yeong et al., 2022; Carsten,
2023).

Oleaginous plants are natural sources of esters,
and the choice of these plants directly impacts the
quality of the oil and, consequently, the biofuel. One
major drawback of using feedstock derived from
plants with saturated constituents is the potential for
freezing or reduced flow at low temperatures, which is
currently one of the main problems in the marketing

and industrialization of biofuel (May et al., 2006;

Table 1 - Freezing points and fluidity of methyl esters.

Methyl Esters Pour Freezing
Point (°C) Point (°C)

M- Caproate – C6 - -38.00
M-Caprylate - C8 - -35.37
M-Caprice - C10 - -13.00
M-Laureate - C12 5.00 4.90
M-Myristate - C14 18.50 18.00
M-Palmitate - C16 30.50 29.50
M-Stearate - C18 39.30 37.00
M-Oleate - C18:1 -20.00 -21.00

M-Linoleate - C18:2 -35.00 -36.00

Source: (May et al., 2006; Suppes et al., 2005, Troy and
Macmillan, 1952).

Troy; Chen et al., 2017; Xue et al., 2016; Macmillan,
1952; Mujtaba et al., 2020; and Babinszki et al.,
2022). The Fog Point (FP) refers to the formation of
paraffinic crystals at low temperatures. These crystals
can agglomerate and restrict or block the flow of fuel
in pipes and filters, leading to engine problems and
reduced performance (Kumbhar et al., 2022; Marques
et al., 2021).

An example of this issue can be seen in the use
of biodiesel produced from oilseeds, such as babassu.
Raw materials with a high percentage of saturated
constituents can pose challenges in cold regions. Table
1 displays the constituents found in the composition
of methyl biodiesel from babassu, along with their
freezing points and fluidity.

When used as additives for biofuels, these
compounds can help achieve a balance between
saturated and unsaturated esters in the composition.
Unsaturated esters contribute to the fluidity of
the biofuel, while saturated esters can enhance its
oxidative stability (Zarrinmehr et al., 2021). Oxidation
is a chemical process that involves the loss of
electrons, often triggered by the presence of oxygen
(O2). Biodiesel is susceptible to oxidation due to the
presence of double bonds, which are more reactive and
can be easily broken by free radicals. These double
bonds are primarily found in unsaturated fatty esters,
and they can undergo unfavorable changes in their
energy value and may generate elements harmful to
human health (Lau et al., 2022; Zarrinmehr et al.,
2021; Mantovani et al., 2020; Luz̆aić et al., 2023).

The objective of this study is to assess the
composition variations of methyl esters obtained
through continuous and batch distillation processes.
Additionally, the study aims to differentiate the top
products and evaluate the flow properties of the
obtained phases.
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Figure 1 - The flowchart of the transesterification process. 122 
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reaction, 220.85g of babassu oil was mixed with 37.94g of methanol and 8.42g of catalyst 126 
solution (NaOH dissolved in alcohol). After the first reaction, the resulting products (esters, 127 
alcohol, and glycerol) were left undisturbed in a decantation flask for 45 minutes to allow for 128 
the separation of glycerin. In the second reaction, 191.47g of esters from the first reaction 129 
were combined with 8.11g of catalyst solution and 37.05g of methanol. These steps were 130 
performed to achieve a higher conversion of babassu oil into methyl esters. 131 

2.3 Analysis of the Produced esters and Distillates 132 

2.3.1 Gas Chromatography (CG) 133 

The chemical composition of the fatty acids in the oil was determined using gas 134 
chromatography (GC) with a flame ionization detector (FID). The compounds were 135 
identified by comparing the retention time of the sample with the standard retention times of 136 
fatty acids in the chromatogram. Quantification was achieved by converting the peak areas 137 
to concentrations using calibration curves of the standard patterns. 138 

The analyses were conducted using a Shimadzu Model 17 instrument equipped with a 139 
Supelco capillary column containing 5% phenyl and 95% dimethylpolysiloxane. The column 140 
had a length of 100m, an internal diameter of 0.25mm, and a stationary phase with a thickness 141 
of 0.25μm. Nitrogen was used as the carrier gas. The operating conditions were as follows: 142 
an initial column temperature of 150°C, a detector temperature of 280°C, and a column 143 
temperature program with a ramp rate of 15°C/min up to 240°C, held for 2 minutes, followed 144 
by a ramp rate of 20°C/min up to 260°C, maintained for 21 minutes. Other chromatographic 145 

Figure 1 - The flowchart of the transesterification process.

Table 2 - Constituents and their respective mass flows.

Methyl Esters Mass Flows (kg/h)

M- Caproate – C6 0.18402
M-Caprylate - C8 5.9473
M-Caprice - C10 9.1548
M-Laureate - C12 62.381
M-Myristate - C14 34.184
M-Palmitate - C16 25.299
M-Stearate - C18 14.247
M-Oleate - C18:1 39.323

M-Linoleate - C18:2 9.2796

Source: (May et al., 2006; Suppes et al., 2005, Troy and
Macmillan, 1952).

The simplified flowchart of the transesterification
of the babassu oil process and its components of the
pilot plant is shown in Figure 1.

2 Methods

2.1 Simulation in Aspen Hysys®

In the simulation, a distillation tower was implemented
to determine the optimal number of stages for
achieving the desired top composition. The feed
composition consisted of babassu biodiesel, which
includes methyl stearate. The NRTL thermodynamic
model was used, which allowed for the calculation
of activity coefficients for the components. The tower
was operated under a vacuum of 10 mmHg. The reflux
ratio (RR), the number of theoretical stages evaluated,
and the results were presented to gain insights into

the operation of the unit. The simulation parameters
related to the mass flows of the components used in
Aspen Hysys® are presented in Table 2.

2.2 Transesterifications of Babassu Oil

The transesterification of babassu oil was conducted in
a laboratory experiment using homogeneous catalysis.
The process involved two stages and two reactions. In
the first reaction, 220.85g of babassu oil was mixed
with 37.94g of methanol and 8.42g of catalyst solution
(NaOH dissolved in alcohol). After the first reaction,
the resulting products (esters, alcohol, and glycerol)
were left undisturbed in a decantation flask for 45
minutes to allow for the separation of glycerin. In
the second reaction, 191.47g of esters from the first
reaction were combined with 8.11g of catalyst solution
and 37.05g of methanol. These steps were performed
to achieve a higher conversion of babassu oil into
methyl esters.

2.3 Analysis of the Produced esters and
Distillates

2.3.1 Gas Chromatography (CG)

The chemical composition of the fatty acids in the oil
was determined using gas chromatography (GC) with
a flame ionization detector (FID). The compounds
were identified by comparing the retention time of the
sample with the standard retention times of fatty acids
in the chromatogram. Quantification was achieved
by converting the peak areas to concentrations using
calibration curves of the standard patterns.

The analyses were conducted using a Shimadzu
Model 17 instrument equipped with a Supelco
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capillary column containing 5% phenyl and 95%
dimethylpolysiloxane. The column had a length
of 100m, an internal diameter of 0.25mm, and a
stationary phase with a thickness of 0.25µm. Nitrogen
was used as the carrier gas. The operating conditions
were as follows: an initial column temperature of
150°C, a detector temperature of 280°C, and a column
temperature program with a ramp rate of 15°C/min up
to 240°C, held for 2 minutes, followed by a ramp rate
of 20°C/min up to 260°C, maintained for 21 minutes.
Other chromatographic parameters included a split
mode of 1:30, a pressure of 206 atm, a gas flow rate
of 1.5 mL/min, a linear velocity of 32.6 ml/min, and a
total flow rate of 55 ml/min.

2.3.2 Analysis of Pour Point

The freezing point of the distilled ester fraction was
determined using the ASTM D7154/IP528 method. In
this method, a sample of the ester fraction was placed
in a container and the container was then agitated to
observe the point at which the ester fraction stopped
flowing, indicating its freezing point.

2.3.3 Developing a Pilot Unit

The unit is designed to operate with a flow rate of 10
L/h and a reflux ratio of one. These specifications were
determined based on data obtained from the system
simulation. 
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3.2 Chromatographic Analysis of Biodiesel Obtained 167 

Tests were conducted to analyze the impact of the ester conversion phase on the 168 
components of the babassu. The production conditions and workbench tests for both phases 169 
were as follows. Chromatography analyses were performed and are presented in Table 3. The 170 
results are displayed based on the retention time of the constituents in the chromatographic 171 
column. 172 

 173 
 174 
 175 

Table 3 - Constituents and their respective residence times. 176 
Constituents Residence Time (min) 

M- Caproate – C6 3.06 
M-Caprylate – C8 6.24 
M-Caprice – C10 10.95 
M-Laureate – C12 15.95 
M-Myristate – C14 20.64 
M-Palmitate – C16 24.02 

Figure 2 - Mass balance obtained in the production of phase ester of babassu.

Table 3 - Constituents and their respective residence
times.

Constituents Residence Time (min)

M- Caproate – C6 3.06
M-Caprylate – C8 6.24
M-Caprice – C10 10.95
M-Laureate – C12 15.95
M-Myristate – C14 20.64
M-Palmitate – C16 24.02
M-Stearate – C18 26.43

3 Results and discussion

3.1 Mass Balance in Stage of Transesterifi-
cation

A clear understanding of the necessary steps to
obtain phases with desired flow properties is to
achieve producing methyl esters in stoichiometric
terms. Figure 2 illustrates the flowchart of the ester
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M-Stearate – C18 26.43 
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The biodiesel being monitored was classified as BD014 and BD017. By analyzing the 178 
retention time on the column and calculating the area in terms of concentration, values were 179 
obtained for the composition of each methyl ester produced. The comparison between the 180 
samples is depicted in Figure 3. Based on the analysis of these results, it can be observed that 181 
both tests had the same composition in terms of percentage. The only methyl ester that had a 182 
proportion higher than 2% in terms of percentage was Methyl Laureate C12. 183 

 184 
Figure 3 - Analysis of Conversion. 185 

 186 

3.3 The unit is designed for distillation with partial condensation phases 187 

The composition of esters in the fractions obtained after the transesterification step 188 
has been assessed and these data have been incorporated into the simulator for which the unit 189 
was designed. The general configuration of the unit is showed in Figure 4. 190 

The designed system can perform batch or continuous distillation. During the 191 
distillation process, the separation of phases was observed. The unit is configured for partial 192 
condensation. Due to the close boiling points of the base compounds, it is challenging to 193 
fractionally distill and isolate each ester in a distillation unit. Similar to the separation of oil 194 
fractions, the unit is designed to separate ester fractions with similar boiling points. Since 195 
one of the specified properties of biodiesel is its oxidative stability, the system operates under 196 
a vacuum of 10 mmHg. This vacuum reduces the boiling points of the phases to be separated. 197 
As a result, the developed system separates the phases in collection tanks. 198 

Figure 3 - Analysis of Conversion.

blocks in the production laboratory workbench. Once
the balance is established, any increase in quantity
should follow the proportions outlined in this step.

3.2 Chromatographic Analysis of Biodiesel
Obtained

Tests were conducted to analyze the impact of the
ester conversion phase on the components of the
babassu. The production conditions and workbench
tests for both phases were as follows. Chromatography
analyses were performed and are presented in Table 3.
The results are displayed based on the retention time
of the constituents in the chromatographic column.

The biodiesel being monitored was classified
as BD014 and BD017. By analyzing the retention
time on the column and calculating the area in
terms of concentration, values were obtained for
the composition of each methyl ester produced. The
comparison between the samples is depicted in Figure
3. Based on the analysis of these results, it can be
observed that both tests had the same composition in
terms of percentage. The only methyl ester that had a
proportion higher than 2% in terms of percentage was
Methyl Laureate C12.

3.3 The unit is designed for distillation with
partial condensation phases

The composition of esters in the fractions obtained
after the transesterification step has been assessed
and these data have been incorporated into the
simulator for which the unit was designed. The general
configuration of the unit is showed in Figure 4.

The designed system can perform batch or
continuous distillation. During the distillation process,
the separation of phases was observed. The unit
is configured for partial condensation. Due to the
close boiling points of the base compounds, it is
challenging to fractionally distill and isolate each ester
in a distillation unit. Similar to the separation of
oil fractions, the unit is designed to separate ester
fractions with similar boiling points. Since one of
the specified properties of biodiesel is its oxidative
stability, the system operates under a vacuum of 10
mmHg. This vacuum reduces the boiling points of
the phases to be separated. As a result, the developed
system separates the phases in collection tanks.
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The list of equipments that compounds the unit is presented in Table 4. 201 

Table 4 - List of equipment on the unit. 202 

 203 

3.4 Distillation Process 204 

The distillation process was evaluated for both batch and continuous distillation 205 
methods. Samples were collected from the distillates, specifically from the lighter fractions 206 
of the phases. Samples were obtained after both batch and continuous distillation processes. 207 
Table 5 presents the samples obtained from the distillation process, along with the 208 
temperature ranges observed in the reboiler and the top of the column. The table also includes 209 
the phase code for each sample and the distillation process used. 210 

 211 
Table 5 - Operating conditions in the prototype used. 212 

Distillation Type Code Samples Operating Conditions 
  Temperature of the Reboiler/top  

TAG Equipment Function 
CD01 Distillation Column Distill Light Fractions of Esters 
XC01 Condenser 1- Middle Phase Condense Distillates 
XC02 Condenser 2 – Light Phase Condense Distillates 
TP01 Lung Tank to Collect Condensates Collect Condensates 
TP02 Lung Tank to Collect Condensates Collect Condensates 

Figure 4 – Pilot plant for distillation of methyl esters
of babassu.

Table 4 - List of equipment on the unit.

TAG Equipment Function

CD01 Distillation
Column

Distill Light
Fractions of
Esters

XC01 Condenser
1- Middle
Phase

Condense
Distillates

XC02 Condenser 2
– Light Phase

Condense
Distillates

TP01 Lung Tank
to Collect
Condensates

Collect
Condensates

TP02 Lung Tank
to Collect
Condensates

Collect
Condensates

The list of equipments that compounds the unit is
presented in Table 4.

3.4 Distillation Process

The distillation process was evaluated for both batch
and continuous distillation methods. Samples were
collected from the distillates, specifically from the
lighter fractions of the phases. Samples were obtained
after both batch and continuous distillation processes.
Table 5 presents the samples obtained from the
distillation process, along with the temperature ranges
observed in the reboiler and the top of the column. The
table also includes the phase code for each sample and
the distillation process used.

3.5 Monitoring of the Distillation Process

This topic will be divided into two sections: the
monitoring of the batch process and the monitoring
of the continuous process. These two processes not
only have different monitoring points but also yield
different compositions of distillates.
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Table 5 - Operating conditions in the prototype used.

Distillation Type Code Samples Operating Conditions
Temperature of the Reboiler/top

Batch BK0507F1 154°C 164°C
Continuous BK011107 210°C 180°C

Table 6 - Simulation of the top composition.

Constituents Top Composition (%)

C6 0.0
C8 8.03
C10 9.64
C12 70.06
C14 10.50
C16 0.866
C18 0.179

C18:1 0. 633
C18:2 0.097

3.5.1 Monitoring of the top product obtained - Batch
Process

The most effective method to evaluate the distillation
process is by comparing the simulation results with
the chromatographic data and analyzing the efficiency
of the simulation. Table 6 presents the results of the
top composition of the distillate in the tower operating
with differential distillation (batch). It can be observed
from the table that methyl caproate (C6) is not present
as a top product in this simulation when considering
two decimal places. Additionally, in this analysis, it is
evident that at 10 mmHg, methyl laurate (C12) has the
highest percentage.

The comparison between the two is shown in
Figure 5. The data obtained from the simulation
differ from those obtained in the pilot system. The
percentage of methyl caprylate (C8) as a product was
above 10%, whereas products like methyl laurate (C12)
showed values below 70% by weight. In the same
simulation, under the same controlled conditions, the
presence of C18:2 (linoleic methyl) was observed,
while it was not observed in the actual equipment. It is
important to note that the simulation results diverged
from the pilot unit. This discrepancy may be because
the thermodynamic model used is not suitable for
accurately representing the intermolecular behavior of
the assessed phases.

Another parameter that needs to be analyzed is
the hydrodynamics of the designed tower, as it may
not be conducive to the mass exchange process of the
mixture. While phase separation has been observed,
the drag of constituents C14 to C18 (methyl myristate
to methyl stearate) can potentially compromise the
flow properties of the phase. This is because these
constituents have pour points ranging from 18.00°C to
39.00°C.
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Figure 5 - Simulation Analysis versus BK0507F1. 244 
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The results of batch distillation indicate that the simulated fractions differ from the 246 
actual product obtained from the equipment. Therefore, during batch operation, it is crucial 247 
to ensure that the mechanisms of heat and mass transfer are properly observed. The 248 
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 251 
3.5.2 Monitoring of the top product obtained - Continuous Process 252 

The evaluation of heat transfer mechanisms and mass transfer that could affect the top 253 
product was conducted, focusing on the study of the continuous feeding process into the 254 
distillation tower. In this evaluation, the feeding condition (stage/dish feed) and the reflux 255 
ratio (RR) were set. The top product conditions included a vacuum of 10 mmHg and a reflux 256 
ratio equal to one. In this simulation, the component with the highest concentration at the top 257 
of the column was methyl laurate (C12), which accounted for 69.58% of the total composition. 258 

In this simulation, elements with flow properties that could potentially impact the final 259 
product have low percentage concentrations. These elements include Methyl Palmitate (C16) 260 
and Methyl Stearate (C18). However, if present in high concentrations, these two elements 261 
can significantly affect the ester mixture due to their pour points of 30.50°C and 39.30°C, 262 
respectively. On the other hand, the top fraction also contains elements with low freezing 263 
points, such as Methyl Caprylate and Methyl Caprice, which together account for 264 
approximately 19.00% of the mixture.  265 

The sample obtained from the continuous distillation system was labeled as BK011107. 266 
In this test, the percentage of C12 obtained was 57.73%, whereas the simulation result was 267 
approximately 69.58% (a reduction of about 12.00%). The elements that make up the C8 and 268 
C10 fractions were obtained in percentages of 8.72% and 11.10%, respectively. 269 

The values obtained in this test were very close to those evaluated in the simulation. 270 
These data suggest that the designed system has effective mass transfer and heat exchange 271 

Figure 5 - Simulation Analysis versus BK0507F1.

The results of batch distillation indicate that the
simulated fractions differ from the actual product
obtained from the equipment. Therefore, during batch
operation, it is crucial to ensure that the mechanisms
of heat and mass transfer are properly observed. The
hydrodynamics of the tower must be designed in a way
that facilitates the transfer of mass within its filling.

3.5.2 Monitoring of the top product obtained -
Continuous Process

The evaluation of heat transfer mechanisms and
mass transfer that could affect the top product was
conducted, focusing on the study of the continuous
feeding process into the distillation tower. In this
evaluation, the feeding condition (stage/dish feed)
and the reflux ratio (RR) were set. The top product
conditions included a vacuum of 10 mmHg and a
reflux ratio equal to one. In this simulation, the
component with the highest concentration at the top of
the column was methyl laurate (C12), which accounted
for 69.58% of the total composition.

In this simulation, elements with flow properties
that could potentially impact the final product
have low percentage concentrations. These elements
include Methyl Palmitate (C16) and Methyl Stearate
(C18). However, if present in high concentrations,
these two elements can significantly affect the ester
mixture due to their pour points of 30.50°C and
39.30°C, respectively. On the other hand, the top
fraction also contains elements with low freezing
points, such as Methyl Caprylate and Methyl Caprice,
which together account for approximately 19.00% of
the mixture.

The sample obtained from the continuous
distillation system was labeled as BK011107. In this
test, the percentage of C12 obtained was 57.73%,
whereas the simulation result was approximately

6 www.rmiq.org
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69.58% (a reduction of about 12.00%). The elements
that make up the C8 and C10 fractions were obtained
in percentages of 8.72% and 11.10%, respectively.

The values obtained in this test were very close
to those evaluated in the simulation. These data
suggest that the designed system has effective mass
transfer and heat exchange mechanisms. Factors
that may contribute to the agreement between the
simulated and obtained compositions in the system
tests include the maintenance of equilibrium points,
flood factor, tower hydrodynamics, and efficient mass
transfer and heat exchange. Unlike batch distillation
(differential), in continuous distillation, the phases
are continuously kept in equilibrium, which helps
to maintain consistency between the simulated and
obtained compositions.

Based on Figure 6, it can be concluded that in all
tests, the value of C12 obtained was approximately
57.00% of the total composition. Among the tests,
the BK011107 (continuous process) showed a higher
proportion of C12. In terms of obtaining components
in the C6-C10 range, the test conducted with sample
BK0507F2 yielded a better result, with approximately
20%. However, this sample also had a higher
percentage of C18 (Methyl Stearate).

The comparison of flow points between the
samples obtained from the batch and continuous
systems is presented in Table 7. Based on the results, it
can be concluded that the continuous system generated
samples of methyl esters with a lower freezing point
(-21.00°C). Although sample BK0507F1 showed
larger portions in the C6-C10 range, it had a
higher freezing point compared to BK11107. This
is because BK0507F1 has a higher percentage of
C18 (Methyl Stearate), which contributes to the
higher freezing point. The selection of the batch and
continuous distillation process is based on verifying
and comparing the mass transfer regime. In the
continuous regime, a higher percentage of the C18:1
component, around 2.48%, can be observed. However,
in the batch process, the percentage is almost zero, as
shown in Figure 5 and Figure 6.

Table 7 - Flow Properties of the Distilled Fractions.

Sample Density Freezing Point
(Kg/m3) (°C)

BK0507F1 878.80 -18.00
BK011107 871.80 -21.00

The estimated confidence in the study was 95%,
and the p value in the variance test was equal to
one. This indicates that the samples are similar,
suggesting that there is no significant variation in the
test compositions.

Conclusion

In this study, the continuous distillation in differential
mode (batch) of babassu oil's esters was evaluated.
Babassu biodiesel was chosen for this evaluation
due to its ester fractions that have low freezing
points. The esters present in babassu biodiesel
range from C6 to C18:2. When these esters are
isolated, they can have a freezing point as low
as -38.00°C (Methyl Caproate - C6), while others,
such as Methyl Stearate (C18), can be solid under
normal temperature and pressure conditions. The
results obtained from the two distillation processes
revealed differences between the top samples and
the simulation using Hysys®. However, the products
obtained from continuous distillation showed good
agreement with the distillation results. In this case,
the continuous feed and the maintenance of phase
balance can contribute to the consistency between the
simulation and the distillation system. Therefore, the
effective separation of different methyl ester fractions
can contribute to the desired flow properties of the final
product.

The purpose of this research is to obtain esters
with low freezing points and fractions of esters
from different chains. This research will serve as a
technological foundation for future studies that aim
to use these distillation products as mixtures in fuels
that require fractions with low freezing points. One
example of such application is the production of
blends with aviation fuels. This research opens new
possibilities for the production of Sustainable Aviation
Fuels (SAFs) using various raw materials.
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