E3S Web of Conferences 503, 04004 (2024) https://doi.org/10.1051/e3sconf/202450304004
ISAC-ICCME 2023

Optimization of ethyl oleate from oleic acid and
ethanol with Dean-Stark trap technology by
response surface methodology

Sri Budi Harmami'?, Yenny Meliana?, Puji Wahyuningsih?, and Misri Gozan'**

"Department of Chemical Engineering, Faculty of Engineering, Universitas Indonesia, Kampus UI
Depok, 16424, Indonesia

Research Center for Chemistry, National Research and Innovation Agency (BRIN), PUSPIPTEK
Area, Serpong, Tangerang Selatan, Banten, 15314, Indonesia

3Department of Informatics Engineering, Faculty of Engineering, Universitas Muhadi
Setiabudi, Brebes, 52212, Indonesia

“Research Centre for Biomass Valorization — Universitas Indonesia (RCBV UI), Faculty

of Engineering, Universitas Indonesia, Kampus Ul Depok, 16424, Indonesia

Abstract. This work evaluates the optimum condition of the esterification
reaction of oleic acid (OA) and ethanol by Dean-Stark trap (DS) and without
technology, as well as the effects of the various factors’ interaction on the
conversion rate of OA. The influences of OA/ethanol molar ratio,
concentration of catalyst, temperature reaction, and time reaction on the
conversion rate of OA were investigated. The response surface method
(RSM) is combined to optimize the experimental scheme. The results
showed that the conversion rate of OA reached the peak of 98.78% when the
molar ratio of ethanol/OA was 9:1, the concentration of catalyst was 3%, the
temperature reaction was 90 °C, and the reaction time was 10 hours.
Compared with the esterification reaction without DS, the conversion rate
of OA was 54.96%. FTIR analysis confirmed the changes of a functional
group for the response, and GC-MS was for confirmation of the
fragmentation mode of the esterification reaction that occurs. The
availability of ethyl oleate derived from palm oil, aimed at surfactant
production, provides an excellent feedstock to produce surfactants for
cosmetic applications.

1 Introduction

Esterification is one of the most significant reactions in the organic synthesis process.
Esterification reactions are commonly used in various industrial processes and laboratory
syntheses to produce esters, which have a wide range of applications[1]. Many industrial
sectors, especially cosmetics for applications, include the production of perfume additives[2];
[3]flavors, fragrances[4], surfactants, and personal care product formulations[5][6][7] as
many naturally occurring compounds are esters. A typical Fisher esterification reaction
involves heating between a carboxylic acid and an excess amount of the corresponding
alcohol in the presence of a catalyst, like an esterification reaction between oleic acid and
ethanol with sulfuric acid as a catalyst, which is shown in Figure 1. Jyoti et al. conducted an
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experiment on the esterification of acrylic acid with ethanol using catalyst variations such as
hydrochloric acid, hydroiodic acid, and sulfuric acid. The conversion of acrylic acid was
83.99 % at 70C, the catalyst concentration was 3 %, and the ethanol/acrylic acid molar ratio
was 1:1[8]. A Dean-Stark trap (DS) method was used to collect water as a byproduct of the
esterification reaction. It can drive the equilibrium in reactions to move the right side. The
esterification reaction is reversible, where water is formed as a byproduct [9].
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oleic acid

/\OH
ethanol Catalyst = H,SO,
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ethyl oleate

Fig 1. Transformation of oleic acid into ethyl oleate using H2SO4 as the catalyst

Response surface methodology (RSM) is a combination of statistical and mathematical
techniques for empirical model building[10]. RSM is used for modeling and analyzing the
desired response when several variables influence the response, and the goal is to optimize
these responses[11]. The research was conducted to optimize biodiesel production from cow
tallow using RSM with the software Design Expert 7.0.0[12]. The transesterification reaction
uses sodium hydroxide as a catalyst and methanol as a solvent. Naidir et al., conducted
research optimization of epoxidized trimethylolpropane ester from palm oil using RSM. The
response of a percentage of oxirane oxygen value, iodine value, and hydroxyl value with free
variables, namely reaction time, temperature reaction, and glacial acetic acid
concentration[13]. Manga et al. do research on the optimization synthesis of fatty acid ethyl
ester as biodiesel from palm fatty acid using SO4>'TiO; catalyst[14].

This research focuses optimization on the effect of temperature reaction, catalyst
concentration, ethanol/OA molar ratio, and reaction time on the OA conversion from
esterification reaction with oleic acid and ethanol. As well as knowing the identification of
components and molecular structure of ethyl oleate with/without a Dean-Stark trap
technology.

2 Materials and Methods

2.1 Materials

Oleic acid from PT. Sanbio Laboratories, Indonesia (acid value 208 mg KOH/g), sulfuric
acid (98%), potassium hydroxide (pro analysis), and ethanol (absolute for analysis) were
purchased from Merck, Germany. The phenolphthalein as an indicator when calculating acid
value was purchased from Sigma Aldrich.
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2.2 Methods

2.2.1 Esterification-Dean Stark trap reaction

As shown in Fig. 1, the reactant prepared according to a certain molar ratio of OA and ethanol
are added to a three-necked flask for heating with various temperature (80 °C, 90 °C, and 100
°C), with various reaction time (8, 10, 12 hours), various ethanol/OA molar ratio (9:1; 10:1;
and 12:1), various catalyst concentration (1 %, 2 %, and 3 %), and the magnetic stirring speed
was 500 rpm. A reflux condenser was placed above the three-necked flask to reduce the
evaporation loss of the reactants. The added catalyst (H.SO4) with drop by drop. The process
was conducted with a dean-stark trap (DS) and without a dean-stark trap (DSo). Furthermore,
the ethyl oleate was carried out to characterize the molecular structure with Fourier
Transform Infra-Red (FTIR), Gas chromatography-mass spectrometry (GC-MS), and
calculated acid value. The acid value of the sample is determined by titration, and the
conversion rate of OA is figured up by measuring the acid value and performing an arithmetic
average to reduce errors, shown as the following formula (1):

. 14 xC x56.1
Acid value = —XOH=_KOH=>>" (1)

mo

Where Vkon represents the volume of KOH standard solution consumed by titration (ml),
Ckon refers to the standard solution concentration of KOH (mol/ml), 56.1 is the relative molar
mass of KOH (g/mol), and my represents the mass of the titrated sample (g). After the acid
value of the sample is determined by the titration method, the conversion rate of OA is
calculated by the following formula (2):

OA conversion rate = A“A;Abx 100% 2)

In this formula, A, represents the acid value (mg/g) of OA before the reaction, and Ay is the
product's acid value (mg/g) after the reaction.

2.2.2 The characterization of the molecular structure with FTIR

Characteristic molecular structures like functional groups of esterification reaction samples
were examined by a Tensor II FTIR Spectrometer (Bruker, Co., Ltd., Germany) with a
standard KBr beamsplitter. The spectra rate is 25 spectra per second with the scope of 500-
4000 cm™' and measurement at 25 + 1 °C.

2.2.3. Gas chromatography-mass spectrometry (GC-MS) analysis

GC-MS spectra were carried out in an Agilent 7890B (GC) and 5977A as mass spectra
detector (MSD) using column type (HP-5 phase 30 m x 0.32 mm x 0.25 pm), with the injector
set at 250 °C. The detector temperature was 300 °C, using H> as the carrier gas at a 30 mL/min
flow rate, airflow was 400 mL/min, and makeup flow (N») was 25 mL/min. The injection
mode uses 7693A with an injection volume of 1 pL. The data was analyzed over a mass per
charge (m/z) range of 145-905 and identified by comparing the mass spectra with the NIST
(National Institute of Standards and Technology) mass spectral library. NIST uses the
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submitted unknown spectrum collected by mass spectrometer detectors (MSD) and performs
a library spectrum search. NIST MS search 2.3 was used for mass spectra comparison[15].

2.2.4 Experimental design and optimization based on RSM

In the esterification reaction, the single-factor experiment method is applied to explore the
influence of each impacting factor on the esterification conversion rate. However, this always
ignores the result of the interaction between variables [16]. In this research, in order to
optimize the impact of each variable’s synergistic effect on the OA conversion rate, a
combination of RSM and Box-Behnken Design (BBD) was used to optimize the experimental
scheme[17]:[16]. The conversion of OA (Y) was chosen as the response variable. In contrast,
the temperature reaction (X1), concentration of catalyst (X2), molar ratio of ethanol/OA (X3),
and reaction time (X4) were chosen as free variables. These variables were potential critical
parameters with range levels (low and high) that would set a two-level observation for each
free variable summarized in Table 1. The Design-Expert v13 software (trial version, Stat-
Ease Inc., Minneapolis, USA) was used to fit the experimental data into the quadratic
polynomial regression equation of the following formula (3), and the influence of the
interaction between various factors on the OA conversion rate could be observed, through
the obtained 3D response surface graph.

Y = Bo+ X7y Bixi + Xiey Bux? + X1 Xk joa Bijxix; 3)

Where Y is the response value, f is the regression equation constant, f; refers to the linear
coefficient, By is the quadratic coefficient, B; represents the interaction coefficient, n is the
number of the independent variable, and x; and X; separately are the independent variables.

In the analysis of variance (ANOVA)[18] the F value represents the fit of the
corresponding factor, and a larger F value would lead to a more significant corresponding
factor. The p-value indicates the significance level of the model and parameters. The P value
of <0.050 illustrates that the model is significant at>95 % confidence intervals. Finally, the
optimal reaction conditions for maximizing the OA conversion rate are obtained through the
model optimization experimental plan.

Table 1. Experimental range levels of esterification reaction variables in BBD

. Range level
Variables Coded value -
Low High
Temperature reaction (°C) Xi 80 100
Catalyst concentration (%) X2 1 3
Ethanol/OA molar ratio (mol) X3 9 12
Reaction time (hour) X4 8 12

3 Results and Discussion

3.1 Esterification profile analysis by GC-MS

The compound identification of esterification reaction using GC-MS to analyze the
esterification reaction of oleic acid and ethanol with or without a Dean-stack trap, defining
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their retention times and MS breakage fragments. The chromatograms and compositions of

the samples are reported in Fig.2, 3, 4, and Table 2, respectively.

Table 2. List of compounds present in the oleic acid and esterification profile with GC-MS

analysis
Retention Peak Assigned . Molecular Equal
time (min) Area formula Assigned compound ion mass to
(%) (g/mol)
Oleic acid sample
236001 560 | CieHpOs Palmitic acid (n- 256.42 86
hexadecanoic acid)
25.146 | 3643 | CisHxO: Linoleic acid (9,12- 280.44 94
octadecadienoic acid)
25.196 | 52.63 | CisH30n Oleic acid (9- 282.46 80
octadecenoic acid)
25380 | 5.16 | CisHsOo Stearic acid 284.47 93
(octadecanoic acid)
27015 | 018 | CxHpo, | Arachidicacid, TMS 304.46 81
derivative
Esterification reaction with the DS method
23.086 | 436 | CiHs0» Heptadecanoic acid, 270.45 91
methyl ester
23.600 | 074 | CigHnO: Palmitic acid (n- 256.42 86
hexadecanoic acid)
Ethyl oleate ((E)-9- 31051
24.733 67.13 C20H3302 octadecenoic acid ethyl ’ 83
ester)
Ethyl stearate
24933 4.73 C20H4002 (Octadecanoic acid, 312.53 94
ethyl ester)
25155 | 085 | CisH0z Oleic acid (9- 282.46 86
octadecenoic acid)
26.250 2.66 C20H4002 Ethyl stearate 312.53 59
26.365 1.03 C20H4002 Ethyl stearate 312.53 78
26.431 2.32 C20H4002 Ethyl stearate 312.53 44
Ethyl stearate
26.625 1.65 C20H4002 (eicosanoic acid, ethyl 312.53 83
ester)
26860 | 333 | CisHy0p | Ctivlpalmitate (ethyl o0, 4 18
hexadecanoate)
28100 | 0.76 | CsHiO Pentanoic acid (2- 102.13 35
phenylethyl ester)
Esterification reaction without the DS method
Palmitic acid
23.087 2.64 C16H3202 (Hexadecanoic acid, 256.42 91
ethyl ester)
23600 | 1.00 | CigHpop | Palmiticacid, TMS 256.42 80
derivative
Ethyl oleate ((E)-9-
24.715 36.03 C20H3302 octadecenoic acid ethyl 310.51 83
ester)
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Ethyl stearate
24.933 2.89 C20H4002 (octadecanoic acid, 312.53 94
ethyl ester)
25.161 107 | CisHxO: Oleic acid (- 282.46 87
octadecenoic acid)
25.417 16.15 C29Hs500 Gamma-sitosterol 414.70 99
Cyclopentene-4-
26.251 14.96 CeHsO2 carboxylic acid, methyl 112.12 27
ester
26.391 14.35 C20H4002 Ethyl stearate 312.53 72
Ethyl stearate
26.627 0.76 C20H4002 (eicosanoic acid, ethyl 312.53 91
ester)
26862 | 055 | CisHy0p | Cthylpalmitate (ethyl ye, 4 22
hexadecanoate)
27.764 2.74 C20H4002 Ethyl stearate 312.53 59
28210 | 065 | CsHiO Pentanoic acid (2- 102.13 49
phenylethyl ester)

Analysis of MS spectra comparison using a mass spectral library search with release
version 2023.09 corroborated the formation of ethyl oleate. Figure 2 represents the resulting
GC-MS of oleic acid as a main reactant. The assigned compound, retention time, peak area,
assigned formula, molecular ion mass, and qual are displayed in Table 2. The major dominant
component in terms of (% peak area) in oleic acid profile was there were five compounds in
the fraction were identified as oleic acid (CisHz3402, 52.63 %), palmitic acid (Ci6H3202, 5.6
%), linoleic acid (CigH320,, 36.43 %), stearic acid (CisH3602, 5.16 %), and arachidic acid
TMS derivatives (CH320,, 0.18 %). The resulting esterification reaction with the DS
method is shown in Fig. 3 and Table 2. One of the main compounds in the fraction with a
peak area of 67.13 % was identified as ethyl oleate (CxH3302), with a qual score of 80
correspondence for 9-octadecenoic acid. The qual is the measured value of the direct match
of peak m/z values and relative intensities. NIST uses a scale of 0-100 if a scale of >90 is an
excellent match, a scale of 80-900 is a good match, a scale of 70-80 is a fair match, and a
scale of <60 is a poor match (NIST mass spectral library). At the same time, the esterification
reaction without the DS method (Fig. 4 and Table 2) generated ethyl oleate with a peak area
of 36.03 for a qual score of 83.

anjma

23000
2q=a0

|l =ros

Fig. 2. Chromatograms obtained by monitoring the total ion current (TIC, scan mode) in the GC-MS
system of oleic acid
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Fig. 3. Chromatograms obtained by monitoring the total ion current (TIC, scan mode) in the GC-MS
system of the esterification ethanol and OA with DS method
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Fig. 4. Chromatograms obtained by monitoring the total ion current (TIC, scan mode) in the GC-MS
system of the esterification ethanol and OA without DS method

3.2 Molecular structure by FTIR

The molecular structure, especially functional groups of the esterification reaction between
oleic acid and ethanol by FTIR spectra, are shown in Fig 5. As can be seen, they are very
similar in both processes that use DS methods and without DS. The spectral features can be
related to those of ethyl oleate. Overall, the peak strong intensity of ethyl oleate uses DS
methods more sharply than without DS. Comparization of functional groups between ethyl
oleate standard with ethyl oleate experiment is shown in Table 3. The intensity of the peaks
from the low to the high wave number, the major bands are associated with the attending
vibrations [19]; [20]. The FTIR Spectra of ethyl oleate showed stretching vibration of the C-
H, the shift at 2853-2854 cm™! was due to anti-symmetrical stretching vibration of aliphatic
C-H, and the band at 2922-2923 cm™! was due to symmetrical stretching vibration of aliphatic
C-H in CH; and terminal CH3 groups, respectively [20]. The peak identified at 1735-1738
cm! proved the presence of H-C=0 in-plane bending vibration, and the band at 1461-1462
cm’' was -CH; asymmetric deformation vibration, respectively [21]. Band at 1372 cm™! was
due to H-C-H symmetric bending vibration and C-C stretching vibration at 1300-1301 cm™.
The C-O-C asymmetrical stretching vibration at 1177-1178 cm™.

Meanwhile, the band is at 1033 cm™!, which is ascribed to the C-O-C symmetric stretching
vibration, which is a special characteristic in ethyl ester [20]. The wave number below 1000
cm’!, band at 722-723 c¢cm’!, is for the overlapping of the (CHa)a rocking vibration [21].
Further, no obvious -OH bond is detected, indicating no longer H>O of ethyl oleate. Finally,
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from FTIR analysis, it is clearly seen that ethyl oleate was successfully synthesized from
oleic acid and ethanol.

3.3 Optimizing esterification with RSM modelling

RSM and Box-Behnken modeled the optimization of OA conversion. As shown in Table 5
with RSM and BBD experimental design as well as, the experimental and predicted OA
conversion values, a total of 27 groups of experiments were carried out. According to the
data in Table 5 and Table 6, and based on the fit summary from RSM modeling, a quadratic
polynomial equation is suggested. Considering the obtained results, the final equation
relating the esterification reaction with the most significant parameters evaluated is presented
between the OA conversion and the various factors that best described the process as a
function of actual values of the temperature reaction (X;), concentration of catalyst (X>),
molar ratio of ethanol/OA (X3), and reaction time (X4) for OA conversion is given by
Equation (3).

Y=81.69+5.73X;-224X,-0.7173 X5—-0.8442 X4 + 1.64 X; Xo + 6.65 X1 X5+ 7.86 X
X4—4.51 X2 X5-2.45 X5 X4 —2.99 X3 X4 —0.6001 X;2 + 8.24 X2 — 1.49 X352 -2.94 X2 (3)

Where Y represents the conversion of OA, X, X,, X3, and X4, represent the reaction
temperature, catalyst concentration, ethanol/OA molar ratio, and reaction time, respectively.
It can be seen that X, X;X», X1X3, X1X4, X522 have a positive effect on the response. It means
that the temperature reaction, the combination of the temperature reaction and catalyst
concentration, the combination of temperature reaction and the ethanol/OA molar ratio, the
combination of temperature reaction and reaction time, and the catalyst concentration"2 were
influenced by OA conversion.
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Fig. 5. FTIR spectra of esterification reaction between oleic acid and ethanol: with DS method (black
line), without DS method (red line)
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Table 3. Functional groups of ethyl oleate by FTIR

Wavenumber (cm™')
Functional Ethyl
unctional groups Ethyl oleate Ethyl oleate oleate
standard [22] with DS without
DS
Overlapping of the (CH2)n 723 722 723
C-O-C symmetric stretching 1056 1033 1033
vibration
C-O-C asymmetric stretching
vibration 1244 1178 1177
C-C stretching vibration 1302 1300 1301
H-C-H symmetric bending
Vibration 1373 1372 1372
-CH3 asymmetric deformation 1466 1462 1461
vibration
H-C=0- in-plane bending vibration 1739 1735 1738
-CH- anti-symmetric stretching 2866 2853 2854
vibration
-CH- symmetric stretching 2925 2923 2922
vibration
C-H stretching vibration 3003 3010 3008

The P value of the model was significant at X;, X;X4, and X»2, and the F-value of the model
was significant at X3 X2, as seen from Table 5, which indicates that the model is significant
for the experimental results. A negative predicted R? implies that the overall mean may be a
better predictor of OA conversion than the current model. In some cases, a higher-order
model may also predict better. Adeq precision was 4.5189, indicating an adequate signal. The
regression coefficient R? was 0.6410. It means that 64.10 % of the variables, namely
temperature, catalyst concentration, ethanol/OA molar ratio, and reaction time, affect the OA
conversion. There was a 23.29 % chance that an F-value this large could occur due to noise.
This model temperature (X;) and catalyst concentration (X,?) variables were a significant
model term. The Lack of Fit F-value of 2.11 implies the Lack of Fit was not significant
relative to the pure error. There was a 36.46 % chance that a Lack of Fit F-value this large
could occur due to noise. A non-significant lack of fit was good for this model. Based on
numerical variables, existing models are sufficient to predict OA conversion in the range of
variables studied. The ethanol/OA molar ratio and reaction time of the impacting factor, P
value in the model, was >0.1000, indicating that these factors have no significant influence
on the OA conversion. Therefore, the ethanol/OA molar ratio and reaction time affect the
temperature reaction to a greater extent but have little effect on the overall reaction process.

3.4 3-D surface plot

The effect of the interaction of catalyst concentration and ethanol/OA molar ratio on OA
conversion can be seen in Fig. 6. The response of the surface design is OA conversion using
second-order non-linear models are Box-Behnken Design (BBD) in a 3D plot curve. The
curve in Fig. 6 indicates the OA conversion gradually reached a peak with the ethanol/OA
molar ratio and catalyst concentration increasing to a certain value. When the ethanol/OA
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molar ratio and catalyst concentration continue to increase, the OA conversion decreases. It
can be seen that run#24, with the catalyst concentration of 2 % and the ethanol/OA molar
ratio of 10:1, produces the minimum OA conversion of 81.87 %.

Meanwhile, in run#10, the ethanol/OA molar ratio was 9:1, and the catalyst concentration
was 3 %, giving the maximum OA conversion of 98.78 %. Obviously, increasing the
ethanol/OA molar ratio has a positive impact on the reaction rate. Meanwhile, ethanol is
found more in the molar ratio, which will reduce the OA concentration and the contact area
between OA and catalyst, and excess ethanol can drive the reversible reaction in the positive
direction during the esterification reaction [23]. The presence of the effect of the temperature
and catalyst concentration on OA conversion is shown in Fig. 7. The temperature reaction is
a more important factor affecting the reaction in experiments carried out at 80 °C, 90 °C, and
100 °C, as well as the catalyst concentration was carried out of 1 %, 2 %, and 3 % to explore
the effect of temperature and catalyst concentration on OA conversion.

€ Ethanol/OA mol rato (mol

& Catalyst concentration (%)

Fig. 6. Response surface plots of OA conversion versus catalyst concentration and ethanol/OA molar
ratio

Conversion (%)

B: Catalyst concentration (%)

A Temperature (Celcius)

Fig. 7. Response surface plots of OA conversion versus temperature and catalyst concentration

10



E3S Web of Conferences 503, 04004 (2024) https://doi.org/10.1051/e3sconf/202450304004
ISAC-ICCME 2023

As shown in Fig. 7, as the catalyst concentration increases from 1 % to 3 %, the OA
conversion goes up from 81.23 % to 98.78 %, with temperature from 90 °C to 100 °C, which
is mainly because increasing the catalyst concentration would cause the total amount of
catalyst to rise. When the catalyst concentration increases, it causes the contact area between
the reactants and the catalyst to become larger [24]. This can be interpreted as the continuous
increase of the temperature, an increase in the catalyst activity, and its catalytic efficiency
continues to improve. Additionally, the increasing temperature accelerates the collision
between molecules, which has a positive impact on the esterification of ethanol and OA [25];
[26].

Fig. 8 shows the combined effect of the temperature and the ethanol/OA molar ratio on
the OA conversion. It could be seen that run#26, when the ethanol/OA molar ratio was 12 :1 ;
and temperature was 80 °C, gives the OA conversion of 58,54 % as well as run#18, when the
ethanol/OA molar ratio was 10 :1. The temperature was 90 °C, resulting in the OA conversion
of 85.87 %. It can be interpreted that a high ethanol/OA molar ratio is conducive to driving
OA conversion. However, a lower molar ratio is useful for the positive esterification
direction. As the temperature can be seen from the contour lines, high temperature or low
temperature has an overall influence on the conversion. The extent of OA is clear.
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Fig. 9. Response surface plots of OA conversion versus temperature and reaction time
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Fig. 9 identifies the influences of the temperature and reaction time on OA conversion
in the esterification reaction. Fig. 9. It is not difficult to see from the 3D surface diagram that
changes in temperature have a bigger impact on the OA conversion. In certain cases, the
temperature range, the movement between reactant molecules, and their effective collision
during the esterification process will increase in temperature [24]; [23]. It also has a positive
effect on the removal of water molecules through the Dean-Strak method. It can be seen from
the contour lines in the figure, that the reaction time has no obvious influence on OA
conversion. The effects of both catalyst concentration and reaction time on the OA
conversion are shown in Fig. 10. This proves that increasing the catalyst concentration can

increase the OA conversion.
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Fig. 11. Response surface plots of OA conversion versus ethanol/OA molar ratio and reaction time
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However, based on contour lines, it can be seen the OA conversion did not change
significantly when the reaction time level changed from low to high, which also verifies the
reaction time does not affect the progress of the degree of the esterification reaction.

The combination effect of the ethanol/OA molar ratio and reaction time on the OA
conversion is shown in Fig. 11. It can be seen from the contour lines that the high ethanol/OA
molar ratio opportunity to promote the OA conversion, when run#3 with the ethanol/OA ratio
was 12 :1, the reaction time was 12 hours can produce the OA conversion of 80.96 %. Also,
when run#18 with the ethanol/OA molar ratio was 10 :1, the reaction time was 10 hours,
resulting in the OA conversion of 85.87 %. In comparison, a higher reaction time is not
advantageous for the positive direction of the esterification reaction. As for the ethanol/OA
molar ratio, whether the low molar ratio or the high molar ratio has an overall effect on the
OA conversion is not chiefly obvious.

Table 4. Experimental results and prediction of esterification response value

Catalyst Ethanol/ Reaction Experimental Predicted
Run Temp erature concentration OA time OA conversion OA .
reaction (°C) %) mo!ar (hours) (%) conversion
ratio (%)
1 80 3 9 12 75.56 79.01
2 90 1 10 12 90.54 90.40
3 90 2 12 8 88.54 80.38
4 80 1 10 10 93.87 88.28
5 100 2 10 8 80.31 73.72
6 90 1 9 10 81.23 86.89
7 80 2 9 10 91.56 81.24
8 100 2 10 12 90.49 89.75
9 80 2 12 10 58.54 66.50
10 90 3 9 10 98.78 91.43
11 80 2 10 8 81.36 82.42
12 100 1 10 10 95.86 92.00
13 90 2 9 12 75.87 80.13
14 90 3 10 12 86.06 84.04
15 90 2 12 12 80.96 72.71
16 90 3 10 8 84.94 88.63
17 100 3 10 10 88.65 93.83
18 90 2 10 10 85.87 81.76
19 90 1 10 8 83.09 85.20
20 90 2 10 10 74.09 81.76
21 90 2 10 10 81.87 81.76
22 80 2 10 12 63.56 67.01
23 90 2 9 8 67.94 75.83
24 90 3 12 10 83.94 80.98
25 90 1 12 10 92.65 94.47
26 100 2 12 10 81.67 91.27
27 100 2 9 10 82.98 79.39
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Table 5. Analysis of variance for OA esterification

Source Sum of Degree of |~ Mean F value p-value
squares freedom square
Model 1477.93 14 105.57 1.53 0.2329
Xi-Temperature 316.26 1 316.26 4.59 0.0535
X»-Catalyst concentration 48.16 1 48.16 0.6983 0.4197
Xs-EthanoJOA molar ¢ 3, 1 632 | 00916 | 07674
ratio
X4-Reaction time 7.55 1 7.55 0.1095 0.7464
X1 X2 8.73 1 8.73 0.1266 0.7281
X1 X3 199.53 1 199.53 2.89 0.1147
X1 Xa 264.81 1 264.81 3.84 0.0737
X2 X3 91.55 1 91.55 1.33 0.2717
X2 X4 25.65 1 25.65 0.3719 0.5534
X3 X4 39.96 1 39.96 0.5794 0.4612
Xi? 2.03 1 2.03 0.0295 0.8666
X2? 383.62 1 383.62 5.56 0.0362
X3? 9.12 1 9.12 0.1322 0.7225
X2 46.55 1 46.55 0.6749 0.4274
Residual 827.68 12 68.97
Lack of Fit 755.92 10 75.59 2.11 0.3646
Pure Error 71.77 2 35.88
Cor Total 2305.61 26
Note: R?=0.6410, Adj R? = 0,2222, Pred R? =-1.3235, Adeq precision = 4.5189

Table 6. Coefficient post analysis with RSM and BBD Design

Intercept Xi X2 X3 Xa XiXe | XiX3 | XiX4
Conversion 81.69 5.73 -2.24 -0.7173 -0.8442 1.64 | 6.65 | 7.86
p-values 0.05 0.41 0.76 0.74 0.72 | 0.11 0.07
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Table 7. Coefficient post analysis with RSM and BBD Design (continued)

XoX3 XoX4 X3X4 X2 Xo? X3? X4?
Conversion -4.51 -2.45 -2.99 -0.6001 8.24| -1.49 -2.94
p-values 0.27 0.55 0.46 0.86 0.03 0.72 0.42

3.5 Optimizing of OA conversion

According to the predicted results of RSM analysis when the temperature reaction was 98.55
°C, the catalyst concentration was 1.13 %, the ethanol/OA molar ratio was 11.69, and the
reaction time was 10.49 hours, the predicted optimal OA conversion was 100.45 %. The
experiments were carried out at optimal reaction conditions to verify the accuracy of the
model. The results show that the OA conversion was 99.87 + 0.6 %, which illustrates that the
model prediction was reliable.

The experimental and the predicated RSM models of the OA conversion, and the
model's residuals are presented in Fig. 12. The residual values were obtained by calculating
the difference between the experimental and the RSM model values. In conclusion,
optimization studies of ethyl oleate from ethanol and oleic acid with Dean-stark trap
technology by RSM were successful.

Normal Plot of Residuals

Normal % Probability

T
Residuals

Fig. 12. Response surface plots of OA conversion between normal and residuals

4 Conclusion

Referring to this research, the esterification reaction using a Dean-stark trap and without a
Dean-stark trap method between ethanol and OA was studied, and characterization of the
molecular structure with FTIR and GC-MS of esterification with these methods was
established as well. The influence of the temperature reaction, the catalyst concentration, the
ethanol/OA molar ratio, and the reaction time on the esterification reaction were all
investigated. The obtained OA conversion was 98.78 % when the optimal conditions for the
esterification reaction using a Dean-stark method with 90 °C temperature reaction, 3 %
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catalyst, 9:1 molar ratio ethanol/OA, and 10 hours reaction time. Based on that data, the
response surface methods (RSM) were used to fit and optimize the experimental data. They
showed the optimization of the esterification process satisfactory alignment scheme results
with the experimental results. Therefore, the esterification reaction using the DS method
promotes the esterification use with different types of alcohol sources.

This research was supported by the Research Center for Chemistry, National Research and
Innovation Agency (BRIN), Degree by Research Program from BRIN, and Department of Chemical
Engineering, Faculty of Engineering, Universitas Indonesia. The author also expresses gratitude to
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