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Abstract

Energy demand is currently increasing in line with technological and economic developments, but not accompanied by an increase
in energy reserves. So we need another alternative energy that can be renewed, namely biodiesel. Biodiesel has been produced
commercially through the transesterification from vegetable oil with methanol using catalyst that produces esters and glycerol.
The formation of glycerol which is by-product can reduce its economic value, so it needs to be done the separation process. Therefore, a
new route is proposed in this study, namely the interesterification reaction (non-alcoholic route) using methyl acetate as an alkyl group
supplier and potassium methoxide catalyst. The superiority of the product produced by the interesterification reaction is biodiesel
with triacetin byproducts which have an economical value and can be added to biodiesel formulations because of their solubility so
that no side product separation process is needed. To increase the yield of biodiesel and the interesterification rate, the ultrasound
method was used in this study. To optimize the factors that affect the interesterification reaction (molar ratio of methyl acetate
to oil, catalyst concentration, temperature, and interesterification time), the Box-Behnken design (BBD) is used. Optimal operating

conditions to produce the yields of biodiesel of 98.64 % are at molar ratio of methyl acetate to palm oil of 18.74, catalyst concentration

of 1.24 %, temperature of 57.84 °C, and interesterification time of 12.69 minutes.
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1 Introduction

In today's modern era, energy is the most basic requirement
of all human activities, especially in the field of technology
and economy, both as raw material, fuel, and as an export
commodity. Energy consumption continues to increase in
line with the rate of economic growth and population growth.
Where the energy needs are still largely met by non-renew-
able energy. Non-renewable energy contributes 86 % of total
global energy [1]. Recently, the trend of reducing non-renew-
able energy has become increasingly visible. This results in
the need for the latest innovations that will replace the use
of non-renewable energy. One of its innovations is the man-
ufacture of biodiesel, which will replace diesel fuel. Some
of the advantages of biodiesel include a renewable energy
source that guarantees the continuity of production, is non-
toxic, biodegradable, has a high cetane number and low flash
point, can be an environmentally friendly alternative fuel,
and does not require engine modification [2, 3].

Biodiesel fuel is made from vegetable oil, animal fat,
and used oil. In general, vegetable oil is more developed
because it has advantages over other oils, including vegeta-
ble oil which is a natural resource that is available in excess
and can be renewed. One of the things that have become the
center of attention as a raw material for biodiesel is palm
oil. In Indonesia, the growth in the palm oil production sec-
tor is very high, where the annual growth rate was greater
than 12 % from 1990 to 2005 [4]. Meanwhile, according
to Varga in Palm Oil Analytics [5], Indonesia is in the first
position in producing palm oil in the world, amounting to
34,520,000 tons in 2016. This makes palm oil potential for
further processing into renewable energy.

Biodiesel has been produced commercially through the
transesterification reaction of vegetable oils with meth-
anol using a catalyst that produces esters and glycerol.
The formation of glycerol which is a byproduct of the
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transesterification process has no economic value and the
presence of glycerol can be said to be impurities in bio-
diesel products. So it is necessary to do the separation and
washing processes to achieve high purity biodiesel prod-
ucts [6, 7]. However, the refining process requires high
capital, operation, and energy costs in the industrial pro-
cess. In addition, in biodiesel production, glycerol can be
produced up to 10 % (based on the mass of oil) of the bio-
diesel obtained. So that the amount of glycerol exceeds the
acceptable limit on the market and results in a low sell-
ing price [8]. Therefore, a new, more effective route is pro-
posed in this study, namely the interesterification reaction
(non-alcoholic route) using methyl acetate as an alkyl group
supply and by adding a catalyst. The use of methyl acetate
in place of methanol will produce triacetin as a byprod-
uct of glycerol substitute. Triacetin is a byproduct that has
more economic value and can be added to biodiesel for-
mulations because of its mutually soluble nature. Due to
the good solubility of triacetin on biodiesel, its presence
of up to 10 % by weight still produces biodiesel fuel that
meets the quality standards of ASTM D6451 and EN 14214
and also the mixture does not have a bad effect on the
final quality of the fuel and the combustion process in the
engine [9, 10]. The addition of triacetin to biodiesel is also
expected to reduce the pour point value of biodiesel so that
it can withstand extreme cold weather [10]. The superiority
of the biodiesel product produced by the interesterification
reaction is biodiesel with triacetin as a byproduct which
can be used as a fuel additive to reduce engine knocking so
that no side product separation process is required.

In producing biodiesel, there are many methods used
to increase the reaction rate as well as the biodiesel yield.
Among them by using a catalyst [11], without a cata-
lyst (supercritical conditions) [12—14], enzymes [15], micro-
wave [16], ultrasound [17, 18], and others. Enzymatic and
supercritical methods have been widely used for biodiesel
production using interesterification reactions. However,
both methods require high production costs [12, 19]. In
order to reduce operating costs and at lower reaction con-
ditions, the reaction is carried out by a chemical interester-
ification method using a catalyst of potassium methoxide.
The use of potassium methoxide due to its nearly water-
free nature results in higher yields, lower refining costs,
and more consistent biodiesel quality. However, there is a
difficulty in this interesterification reaction, where oil and
methyl acetate do not mix with each other. So that in this
interesterification reaction the ultrasound method is used
to assist in mixing the reactants properly and can increase
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the yield of biodiesel. The utilization of ultrasonic waves
will help emulsify immiscible reactants using microtur-
bulence [7]. The ultrasound method can also increase the
mass transfer and interesterification rate so that the inter-
esterification reaction occurs more easily in a shorter time.
In addition, ultrasound can also improve reaction kinetics,
especially in slow reactions [18]. Ultrasonic waves will
provide enormous energy so that it will increase the reac-
tion speed due to the cavitation effect. Ultrasound can be
applied in various categories of reactions such as catalytic
reactions, enzyme-catalytic reactions, ion-exchange reac-
tions, and double-phase reactions [20], as well as interes-
terification reactions, are also included.

In optimizing the operating parameters, a statis-
tical approach is used, namely the response surface
method (RSM). RSM is used to reduce the number of
experimental trials required and also to evaluate multi-
ple factors and their interactions. So that the experimen-
tal process is faster and authentic [21]. The Box-Behnken
design (BBD) is one of the many types of designs avail-
able at RSM which has been widely used to optimize bio-
diesel manufacturing. This is because BBD can predict,
is more effective in parameter optimization, and the least
number of trials is required than other designs. In addi-
tion, BBD also provides higher efficiency in terms of the
ratio between the number of coefficients on the model and
the total number of trials compared to the central com-
posite design (CCD) [22]. Medeiros et al. [18] have con-
ducted research on the interesterification reaction of
cotton oil and methyl acetate. They performed an opti-
mization process using ultrasound and BBD to deter-
mine the behavior of process variables in the interester-
ification reaction. Where the optimal conditions obtained
occurred at a catalyst concentration of 1.17 %, the molar
ratio of the reactants 1:14.87 %, 67.3 % of the vibration
pulses, and 67.64 % of the ultrasound probe amplitude,
with a conversion obtained of 98.12 %. And, the use of
ultrasound provides a 14 % increase in triglyceride con-
version compared to conventional methods. Meanwhile,
Akkarawatkhoosith et al. [23] has conducted research on
the interesterification reaction of palm oil with ethyl ace-
tate in a small-scale fixed-bed reactor. Optimization was
carried out using BBD, where the yield obtained at opti-
mal conditions was 99 % (at 113 °C, 16.7:1 molar ratio,
and total mass flow rate of 5.4 x 10~* kg/h) for 72 hours
of continuous operation. In addition, Kashyap et al. [24]
has also optimized the interesterification reaction of
Karanja oil using ultrasound and analysis of RSM. Where
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the maximum yield of methyl ester obtained is 91.56 %,
at conditions of 1:9 molar ratio of reactants, 1 % catalyst
concentration, and 60 % duty cycle for 35 min. They also
reported that increasing the temperature would increase
the biodiesel yield and the use of ultrasound could decrease
the need for feedstock.

Therefore, in this study, the Box-Behnken design (BBD)
was applied to optimize and analyze the effects of interes-
terification parameters (reactant molar ratio, catalyst con-
centration, temperature and interesterification time) on
biodiesel production using the ultrasound-assisted inter-
esterification method.

2 Materials and method

2.1 Materials and catalyst

The palm oil used as a raw material in this study is the
Bimoli brand palm oil obtained from supermarkets.
Meanwhile, all chemicals were of analytical grade. The
chemicals needed for this research were methyl ace-
tate in the form of pure analysis (Merck KGaA, 99 %)
obtained from a chemical supplier UD. Sumber Ilmiah
Persada in Surabaya. Methanol is the form of pure anal-
ysis (Merck KGaA, purity 99.9 %) obtained from PT.
Kurniajaya Multisentosa. Whereas potassium methoxide
99 % (Zhishang Chem) obtained from Shandong Zhi Shang
Chemical Co. Ltd., and phosphoric acid (ortho, 85 %) and
were used as received.

2.2 Equipmental apparatus for biodiesel production
using ultrasound-assisted interesterification

The main equipment for the interesterification process is
an ultrasonic cleaning bath and a reflux device. The ultra-
sonic cleaning bath used is KRISBOW model KW1801033,
has a voltage of 240V/50 Hz, a power of 100 W, a max-
imum frequency of 40 kHz, a tank capacity of 2.8 L for
heat sources in the interesterification process. Meanwhile,
the reflux device consists of a 1000 mL three-neck Pyrex
round bottom flask, a 40 cm reflux condenser, and a ther-
mocouple to determine the temperature of the interesterifi-
cation reaction. The interesterification reaction was carried
out by adding palm oil and methyl acetate in a triple neck
flask with the molar ratio of the reactants as stated in the
experimental variables and mixed. The mixture is heated
to the required temperature using a mantle heater. After
constant temperature, a mixture of potassium methoxide
and methanol is added to the flask according to variable
and transfer the flask to the ultrasound-assisted interester-
ification device (Fig. 1), to undergo the interesterification
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Fig. 1 Equipmental apparatus for biodiesel production using

ultrasound-assisted interesterification

process according to the specified reaction time. After the
reaction is complete, 0.1 mL of phosphoric acid is added to
stop the reaction. Then the product mixture is transferred
to a separating funnel and washed with 20 mL warm water
to remove impurities such as residual methyl acetate and
catalyst from the product. The funnel is stirred with shock
and left until it forms two layers. The top layer is trans-
ferred to a beaker, then heated by an oven at 110 °C to sepa-
rate the volatile substances from the product. Furthermore,
an analysis of the products obtained is carried out.

2.3 Box-Behnken design for optimization of biodiesel
production

To optimize the yield of biodiesel production, statisti-
cal techniques have been used to monitor and show the
optimum conditions for the interesterification process,
namely the response surface methodology (RSM). This
RSM uses quantitative data from experiments to deter-
mine linear regression models and to optimize responses
that are influenced by several factors. The advantages
of this RSM method include obtaining factor levels that
make the experiment optimal, minimizing the number of
experimental required, and optimizing using the resulting
response equation prediction, so as to save experimental
costs. RSM aims to assist researchers in improvising to get
optimum results precisely and efficiently [21, 25].



In this study, a three-level, four-factors, Box-Behnken
Design (BBD) was applied to generate a total of 29
experiments for the optimization of ultrasound-assisted
interesterification parameters and to evaluate the com-
bined effects of three factors. The factors include the
molar ratio of methyl acetate to palm oil (A), concen-
tration of catalyst (B), temperature (C), and interesteri-
fication time (D). Each factor is varied within the range
of: A (5:1-25:1 mol/mol), B (0.5-1.5 % wt), C (35-65 °C,
D (5-35 min) as shown in Table 1. For the statistical dis-
sect, Design-Expert® software version 11.1.0.1 (Stat-Ease
Inc., Minneapolis, MN, USA) was applied to model the
data and to assume the experimental design.

Analysis of regression was carried out for experimen-
tal data and entered into a quadratic model (second-order
model), such as the following Eq. (1) [25]:

Y= ﬁo + Z; ﬂiXi + z; ﬂiiXiz
+ZSZI;:,~+1 B XX,

where Y is the response/ dependent parameter; 8, B, S,

ey

and ﬂij are regression coefficients for an intercept, linear,
quadratic, and interaction; k is the number of parameters
used; X, andX/. are factors. The quality of the model used is
supported by several response values, including p-value,
R?, adeq precision, and lack of fit.

3 Results and discussion

3.1 Checking of the fitted models and statistical analysis
In optimization for the manufacture of biodiesel using the
ultrasound-assisted interesterification (UAT) method with
Response Surface Methodology, four factors are used,
namely the molar ratio of methyl acetate to oil (A), cata-
lyst concentration (B), temperature (C), and interesterifi-
cation time (D). This optimization uses the Box-Behnken
Design (BBD) repeating the center point 5 times and was
found to be sufficient to calculate the coefficient of the sec-
ond-order polynomial regression model for four variables.
After entering each factor value in the Design-Expert®
software version 11.1.0.1 (Stat-Ease Inc., Minneapolis,
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MN, USA) by selecting BBD, 29 experimental designs
were obtained to obtain the optimum biodiesel yield using
the UAI method which can be seen in Table 2. In addi-
tion, Table 2 shows the actual and predicted yield of bio-
diesel obtained by the ultrasound assisted interesterifica-
tion (UAI) method [22, 24, 26]. Furthermore, an equation
is obtained that can be used to predict the biodiesel yield
for each given variable.

Based on the experimental design that has been carried
out, the biodiesel yield equation can be seen in the qua-
dratic model equation as follows Eq. (2):

Yield(%) = —78.446 + 4.434* A +30.005* B
+3.391*C+1.162*D —0.162* AB+0.020* AC

—0.004* AD +0.647 * BC +0.745*BD 2
—0.021*CD-0.123*A* —30.017 * B

-0.036*C? —0.023*D”.

In the BBD methods, a summary of the statistical model
is obtained (Table 3). Based on Table 3, it is shown that the
quadratic (second-order) model is the most recommended
of the other models. This is because the p-value of model
is not more than 0.05, the difference in values between
the predicted R? and adjusted R?is not more than 0.2, and
R? > 0.9. In addition, analysis of variance (ANOVA) was
carried out to identify significant factorss and interactions
that affect biodiesel yield. The results of ANOVA analysis
can be seen in Table 4. An significant factor affecting bio-
diesel yield is indicated by a p-value of less than 0.05 [6, 27].
Based on Table 4, it can be seen that the quadratic model
has an F-value of 15.5362 which implies that this model is
significant. There is only a less than 0.01 % chance that
this F-value could occur due to noise. A p-value of less
than 0.05 indicates a significant model term. Meanwhile,
the lack of fit is applied to measure the adequacy of the
model. Lack of fit has a p-value > 0.05 which explains that
the lack of fit is insignificant. The insignificant lack of fit
indicates that the model is logical and valid [27, 28].

In this case, the factors, namely the mole ratio of
methyl acetate to oil (A), catalyst concentration (B), and

Table 1 Factors used for optimization of biodiesel production with Box-Behnken design (BBD)

Levels
Factors Units
Low Middle High
A-Ratio methyl acetate to palm oil mol/mol 5:1 15:1 25:1
B-Catalyst concentration Y%owt 0.5 1 1.5
C-Temperature °C 35 50 65
D-Interesterification time min 5 20 35
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Table 2 Results and experimental designs on biodiesel production using ultrasound-assisted interesterification (UAI) with Box-Behnken design (BBD)

Methyl acetate to oil Catalyst Interesterification Yield (%)
molar ratio (mol) concentration (%wt) Temperature (°C) time (min) Actual Predicted Residual
5 1.5 50 20 60.7568 64.5751 —3.8183
5 0.5 50 20 49.3514 48.1807 1.1707
5 1 65 20 58.2703 57.1384 1.1319
5 1 35 20 59.2432 54.3095 4.9337
5 1 50 5 53.7297 59.7891 —6.0594
5 1 50 35 60.4324 57.7910 2.6414
15 1 65 35 77.2432 76.3789 0.8643
15 1 50 20 89.8378 91.4703 —1.6325
15 1 50 20 86.2703 91.4703 —5.2000
15 1 35 5 67.0811 70.6291 —3.5480
15 1 50 20 92.4865 91.4703 1.0162
15 1 50 20 95.2973 91.4703 3.8270
15 1 50 20 93.4595 91.4703 1.9892
15 0.5 65 20 68.3243 68.0253 0.2990
15 L5 50 35 90.0541 90.2645 —-0.2104
15 0.5 50 5 81.5135 78.6519 2.8616
15 0.5 50 35 58.2162 64.3236 —6.1074
15 1.5 35 20 73.6216 73.8881 —0.2665
15 1 65 5 89.5676 88.9715 0.5961
15 1.5 65 20 91.8919 92.5008 —0.6089
15 1.5 50 5 91.0151 82.2566 8.7585
15 1 35 35 73.6216 76.9014 —3.2798
15 0.5 35 20 69.4595 68.8181 0.6414
25 1 65 20 91.6216 93.9041 —2.2825
25 1 35 20 80.4324 78.9131 1.5193
25 1 50 35 93.4054 87.3135 6.0919
25 1.5 50 20 89.7838 93.6382 —3.8544
25 1 50 5 89.0270 91.6359 —2.6089
25 0.5 50 20 81.6216 80.4870 1.1346
Table 3 Model summary statistics for the interesterification reaction using BBD
Source Sequential p-value Lack of Fit p-value Adjusted R? Predicted R*
Linear 3.19E-05 0.0279 0.6478 0.5891 0.5320
2F1 0.7122 0.0213 0.7081 0.5460 0.4124
Quadratic 0.0001 0.2027 0.9395 0.8791 0.6875 Suggested
Cubic 0.1283 0.4022 0.9866 0.9372 0.2781 Aliased

temperature (C) show important values for all factors by giv-
ing a significant effect on biodiesel yield (p-value < 0.05),
while the interesterification time (D) did not have a sig-
nificant effect (p > 0.05). In addition, the quadratic model
can evaluate and analyze the interaction of each parame-
ter. Where the interaction between molar ratio of methyl
acetate to oil and catalyst concentration (AB), molar ratio
of methyl acetate to oil and temperature (AC), molar ratio
of methyl acetate to oil and interesterification time (AD),

catalyst concentration and temperature (BC), and tempera-
ture and interesterification time (CD), which shows the
insignificant effect (p > 0.05), which means that the factors
are less influential for the biodiesel manufacturing process.
However, only the interaction between catalyst concentra-
tion and interesterification time (BD) showed a significant
effect (p <0.05). While the quadratic parameters, which are
the molar ratio of methyl acetate to oil (A?), catalyst con-
centration (B?), temperature (C?), and interesterification
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Table 4 ANOVA of the quadratic model to identify significant factors using BBD

Source of variations Sum of squares df Mean square F-value p-value

Model 5434.8748 14 388.2053 15.5362 0.0001 *
A: Methyl acetate to oil molar ratio 2824.6463 1 2824.6463 113.0441 0.0001 *
B: Catalyst concentration 654.7069 1 654.7069 26.2018 0.0002 *
C: Temperature 238.1599 1 238.1598 9.5313 0.0080 *
D: Interesterification time 29.9603 1 29.9603 1.1990 0.2920 ok
A? 972.7286 1 972.7286 38.9292 0.0001 *
B? 365.2674 1 365.2674 14.6182 0.0019 *
Cc? 431.7027 1 431.7027 17.2770 0.0010 *
D? 168.1845 1 168.1845 6.7309 0.0212 *
AB 2.6296 1 2.6296 0.1052 0.7504 ok
AC 36.9792 1 36.9792 1.4799 0.2439 ok
AD 1.3506 1 1.3506 0.0541 0.8195 ok
BC 94.1434 1 94.1434 3.7677 0.0727 ok
BD 124.7276 1 124.7276 4.9917 0.0423 *
CD 88.9711 1 88.9711 3.5607 0.0801 ok
Residual 349.8195 14 24.9871

Lack of fit 300.4790 10 30.0479 2.4360 0.2027 ok
Pure error 49.3406 4 12.3351

Cor total 5784.6944 28

* = significant
** = not significant

time (D?), all have a significant effect on biodiesel yield
because they have a p-value < 0.05. This shows that A, B,
C, BD, A2, B?, C2, and D? are the main factors in the inter-
esterification process that affect biodiesel yield using ultra-
sound-assisted interesterification (UAT) method.

So that in the UAI method, optimization will result in
the most influential interaction between concentration of
catalyst and interesterification time. The UAI method is
better designed using a quadratic model because all qua-
dratic parameters have a significant or influential effect.
This shows that the model is accurate enough to predict
any combination of independent factors in the range of this
study and can become a reference if research is carried out
on making biodiesel with the interesterification process
using the ultrasound-assisted interesterification method.

The statistical model in Table 5 can be used to evaluate
the actual data from the parameters used. Model coeffi-
cients are represented by constants, linear coefficients for
independent variables, interactive term coefficients, and
squared term coefficients. Then, the coefficient of deter-
mination (R?), adjusted coefficient of determination (adj-
R?), predicted coefficient of determination (pred-R?), and
adeq precision that can be used to evaluate the fit of the
model. Usually by maximizing the adjusted R? and the pre-
dicted R?; this model is said to be adequate when the value
is p < 0.05; lack of fit (p > 0.05); and R? > 0.9 [24, 27].

Table 5 Summary and fitting statistics from ANOVA

Fit statistics Result
Mean 77.8151
Coefficient of variance (CV) % 6.4238
R? 0.9395
Adjusted-R? 0.8791
Predicted-R? 0.6875
Adeq precision 12.7184

The model obtained has an R? value 0f 0.9395, this indicates
that the proposed model explains 93.95 % of the variability
in responses (experimental values). A high R? value indi-
cates a good correlation between experimental and predic-
tive response values so that the model's reliability is high in
predicting biodiesel yield. Meanwhile, the predicted value
of R2, which is 0.6875, is within reasonable terms with an
adjusted R? value of 0.8791, where the value does not have
a difference of more than 0.2, which means that the model
is suitable. In addition, an adeq precision > 4 indicating a
sufficient signal and model can be used to navigate the next
design. Adeq precision value is adequate (12.7184), which
means that the model can be used for optimization [24, 26].
This shows that the model is good and can improve the
relationship between process parameters in response so
that the optimization model can be applied.
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3.2 Interaction between parameters and graphical
interpretation of RSM

In this study, a contour plot was used to investigate the main
effect and interaction of several factors on the response in
the form of biodiesel yield made from the interesterifica-
tion process of palm oil with potassium methoxide catalyst
using the ultrasound-assisted interesterification method. A
contour plot is a graphical representation of the regression
equation showing two factors, while the other factors are
maintained at a constant level. Where this contour plot is
obtained from the regression model in the quadratic model
described by Eq. (2). This plot presents the effects of the
molar ratio of methyl acetate to oil (A), catalyst concen-
tration (B), temperature (C), interesterification time (D)
which are presented in Fig. 2.

3.2.1 Effects of ratio molar of methyl acetate to oil and
concentration of catalyst

In Fig. 2(a), when a 3-D response surface plot is developed
to show the effect of the interaction between the molar
ratio of methyl acetate to oil (5:1-25:1) and the concentra-
tion of catalyst (0.5-1.5 wt%) while maintaining the tem-
perature at 50 °C and the interesterification time for 20
min. Based on Fig. 2(a), it can be explained that the higher
the mole ratio of methyl acetate to oil, the yield tends to
increase. This is because the higher the ratio of methyl
acetate to oil will encourage the interesterification reac-
tion towards the product and also the more frequent con-
tact that occurs between methyl acetate and oil so that it
will result in an increase in the conversion of triglycerides
to biodiesel. This is in accordance with research con-
ducted by Ribeiro et al. [29]. They explained that the
higher the molar ratio between methyl acetate and oil, the
higher the FAME and triacetin levels. Furthermore, the
oil to methyl acetate molar ratio of 1:20 was chosen as
the best condition to continue investigating the reaction
parameters. Likewise, for the catalyst concentration, it
also provides an increase in biodiesel yield when the use
of the catalyst concentration increases from 0.5-1.5 wt%.
Where the optimal conditions were obtained at an increase
in the catalyst concentration of 1.24 %. At a catalyst con-
centration of 0.5 %, the yield is still low because the tri-
glyceride conversion is not perfect. However, the use of
a catalyst that exceeds the optimum does not provide
a significant increase but can reduce the yield of bio-
diesel. This is in accordance with research conducted by
Maddikeri et al. [17], they explained that the concentration
of the catalyst (potassium methoxide) which is at 1 % will

increase the reaction conversion by 90 %, in contrast to a
smaller concentration (0.5 %) will cause imperfect con-
version of triglycerides to methyl esters so that the yield
that will be produced is also small. Whereas, a further
increase in the catalyst concentration from 1 to 1.25 % did
not show a significant increase in the biodiesel yield. This
is possible because the use of an excess of alkaline homo-
geneous catalysts can absorb the product which will result
in a decrease in product yield [30]. Meanwhile, accord-
ing to El-Gendy et al. [31], high catalyst concentrations
can cause resistance to mass transfer, slow down the reac-
tion rate, and ultimately reduce biodiesel conversion. The
interaction between the molar ratio of the reactants and
the catalyst concentration has a significant effect on the
increase in the yield of biodiesel obtained. This can be
seen clearly in Fig. 2(a), where when the molar ratio of the
reactants is 15:1 and the catalyst concentration is 1 %, it
has shown an increase in biodiesel yield up to 90 %.

3.2.2 Effects of ratio molar of methyl acetate to oil and
temperature

The effect of the interaction between the molar ratio of
methyl acetate to oil (5:1-25:1) and temperature (35-65 °C)
varies while maintaining the 1 wt% catalyst concentration
and the 20 min interesterification time shown in the 3-D
response surface plot (Fig. 2(b)). The interaction between
the molar ratio of the reactants and the reaction tempera-
ture has a big influence on optimizing the biodiesel yield.
Where the more molar ratio of the reactants is used, the
yield of biodiesel will be increased. However, increasing
the molar ratio of the reactants beyond optimal conditions
did not increase the yield of biodiesel significantly. This can
be attributed to the fact that the use of a higher molar ratio
results in a dilute product that triggers a reverse reaction
which reduces biodiesel conversion [14]. In addition, unre-
acted methyl acetate can limit the equilibrium of the reac-
tion which results in a low ester yield [32]. This is in accor-
dance with research conducted by Maddikeri et al. [17],
who reported the interesterification reaction of used cook-
ing oil with a catalyst of potassium methoxide with ultra-
sound assistance. Where the higher the molar ratio of oil
to methyl acetate causes a higher conversion of oil to bio-
diesel and 1:12 is the optimal molar ratio of the reactants
with 90 % biodiesel yield. However, a further increase does
not provide an increase in triglyceride conversion. In addi-
tion, the temperature increase also increases the yield of
biodiesel obtained. This is because the higher the reaction
temperature will result in better contact with the reactants
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so that the reaction speed will increase and the conversion
of oil to biodiesel will also increase. This is consistent with
research reported by Maddikeri et al. [17], which explains
that the best operating temperature is 50 °C for the interes-
terification reaction of oil and methyl acetate using ultra-
sonic waves. However, too high a temperature does not
give a high yield increase but can reduce the yield obtained.
This is due to the presence of missing methyl acetate due to
evaporation (boiling point of methyl acetate 57.1 °C) which
filled the reflux condenser. This evaporation causes the
contact that occurs between the methyl acetate and the oil
to decrease, thereby reducing the reaction speed and will
cause a decrease in the conversion of reactants to biodiesel
products. The reactants that have been converted into bio-
diesel and triacetin will undergo further reactions as the
pressure increases and the temperature increases [16]. In
addition, higher operating temperatures lead to lower lev-
els of cavitation effects [17].

3.2.3 Effects of ratio molar of methyl acetate to oil and
interesterification time

A slight difference is shown in Fig. 2(c), which shows the
3-D plot applied to determine the effect of the interaction
of the molar ratio of methyl acetate to oil (5:1-15:1) and
the interesterification time (5—35 min), during which the
catalyst concentration is maintained at 1 % wt and reac-
tion temperature at 55 °C. Where the increase in interes-
terification time does not make a significant change in the
biodiesel produced. Meanwhile, the use of a higher molar
ratio of reactants will also produce higher biodiesel. Where
an increase in the molar ratio of the reactants to 15:1 gives
biodiesel yield of 90 % for a reaction time of 5-30 min.
According to Medeiros et al. [18], the interesterifica-
tion reaction is fast with a 50 % conversion for 1 minute
of reaction. However, the use of too much reactant molar
ratio (18.74:1) does not give a high increase in biodiesel
yield, it can even reduce biodiesel yield over a long reaction
time (30-35 min). Based on Fig. 2(c), the biodiesel yield
obtained between the interesterification time of 5 to 30 min
tends to be constant, especially at the reactant molar ratio
of 15:1 to 25:1. This shows that biodiesel production has
almost reached an unfavorable time in increasing the yield
value. This is supported by the theory which states that the
interesterification reaction is a reversible reaction. So that
when it reaches equilibrium, the reaction will shift to the
left (towards the reactants) which will reduce the result-
ing product, because of the concentration of reactants
decreases which causes the reaction speed to be smaller.

Meanwhile, if the interesterification process is carried out
in a shorter time, it is feared that the reaction will be less
than perfect and perhaps the production of monoglycerides
and diglycerides will increase so that the yield obtained
will decrease [11]. Subhedar and Gogate [15], have con-
ducted an interesterification study using ultrasound assis-
tance with a lower need for methyl acetate as optimal, and
also a higher yield was obtained within 3 hours of the reac-
tion time of 96.1 %. Ultrasound can accelerate organic syn-
thesis in a relatively shorter time compared to conventional
heating due to increased reaction rates [17, 33].

3.2.4 Effects of concentration of catalyst and
temperature

Meanwhile, Fig. 2(d) shows the effect of catalyst con-
centration and temperature on a molar ratio of 15: 1 and
an interesterification time of 20 min. Based on Fig. 2(d),
increasing the catalyst concentration and reaction tempera-
ture will simultaneously cause more biodiesel to be pro-
duced. According to Kashyap et al. [33], higher tempera-
tures significantly reduce the surface tension and viscosity
of fluids thus making cavitation easier. High temperatures
can also increase the presence of liquid vapor during the
compression cycle which affects the cavitation activity.
The interaction between catalyst concentration and reac-
tion temperature on biodiesel yield does not have a signif-
icant effect. However, the linear or quadratic factors of the
catalyst concentration and reaction temperature have a sig-
nificant effect as shown in Table 3. The presence of a cat-
alyst in a certain concentration will reduce the activation
energy so that it will accelerate the reaction rate. In addi-
tion, Fig. 2(d) also explains that the catalyst concentration
range of 1-1.5 % wt gives biodiesel yield above 90 % in the
reaction temperature range between 47-65 °C. This is in
accordance with research reported by Kashyap et al. [33]
which explains that the best operating temperature of
50 °C and a catalyst concentration of 1 % has produced
91 % biodiesel for interesterification reactions using the
help of ultrasonic waves. Therefore, the optimum condi-
tions in this study were obtained at a catalyst concentration
of 1.24 % wt and a reaction temperature of 57.84 °C.

3.2.5 Effects of concentration of catalyst and
interesterification time

In Fig. 2(e), the increase in catalyst concentration has more
effect than the interesterification time on the amount of bio-
diesel produced. In the absence of a catalyst, the interester-
ification reaction will be very slow so that it takes longer to



reach equilibrium. So that the presence of a catalyst and the
use of ultrasound can reduce the interesterification time. With
the presence of a catalyst and ultrasound, the interesterifica-
tion reaction will take place quickly, where 1 minute of reac-
tion can convert oil into biodiesel up to 50 % with a catalyst
concentration of 1.17 % [18]. Meanwhile, Postaue et al. [13]
conducted research on interesterification in the absence of a
catalyst under supercritical conditions. They reported that
the highest yield (below 60 %) was obtained during 45 min-
utes of the interesterification reaction. In addition, the inter-
action between catalyst concentration and interesterification
time on biodiesel yield has a significant effect, where the
p-value is less than 5 %. Where the biodiesel yield above
90 % is obtained at a catalyst concentration of 1-1.5 % wt
and the interesterification time is 10—30 min. Therefore, the
optimum conditions were obtained at a catalyst concentra-
tion of 1.24 % wt for 12.69 min of interesterification time.
According to the Arrhenius law regarding the effect of reac-
tion time, if there is an equilibrium, the increase in time will
not have a significant effect on biodiesel yield. In addition,
the use of ultrasound in interesterification reactions is more
on the use of time used, namely the selectivity of time to pro-
duce the perfect reaction [18, 33-35].

3.2.6 Effects of temperature and interesterification time
Whereas in Fig. 2(f), the most biodiesel produced is at
the optimum temperature and reaction time, because the
lack or excess of both can reduce the biodiesel obtained.
The interaction between temperature and interesterifica-
tion time has a big influence on optimizing the conver-
sion of oil to biodiesel. The higher the reaction tempera-
ture, the more the conversion increases and also speeds
up the reaction rate so as to reduce the reaction time.
Because the equilibrium reaction will be achieved more
quickly when high temperatures are used. However, too
high a temperature and a very long time can reduce the
conversion value. This is because the contact between the
oil and methyl acetate is reduced due to the evaporation
of the methyl acetate which will fill the reflux condenser.
Casas et al. [11] have produced biodiesel from sunflower
oil with potassium methoxide as a catalyst and chose
50 °C as the operating condition. In the use of a homoge-
neous alkaline catalyst, too high a temperature will actu-
ally reduce the yield of biodiesel because it can reduce
the reactivity of the catalyst. Meanwhile, the level of cav-
itation effect will be lower in the use of high operating
temperatures [17]. In addition, if the equilibrium reaction
has been reached, the addition of reaction time will not
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increase the yield. But it can reduce the resulting product,
considering that the interesterification reaction is a revers-
ible reaction. Fig. 2(f) also shows that the biodiesel yield
of 90 % is obtained at a temperature of 48-64 °C with an
interesterification time of 5-25 min. Therefore, the use of
ultrasound is more effective than conventional methods,
especially in terms of reaction time [18]. So that the opti-
mum conditions for the interesterification process were
reached at a temperature of 57.84 °C and the interesterifi-
cation time of 12.69 min.

Therefore, it can be concluded that the optimal condi-
tions for the independent variables are as follows: molar
ratio of methyl acetate to oil = 18.74:1, catalyst concentra-
tion = 1.24 % wt, temperature = 57.84 °C, and interester-
ification time = 12.69 min. Where the predicted value for
biodiesel yield of 98.64 % is obtained in these conditions.

3.3 Adequacy check of the model

Usually, to check the experimental data analysis and the
accuracy of the model, model validation is carried out
with an adequacy check. A valid and highly accurate
mathematical model will provide an adequate approach
to the actual process. The design and residual effects for
experimental data from the interesterification process
can be seen in Fig. 3. Fig. 3(a) shows a plot of normal%
probability versus internally studentized residuals which
is a diagnostic tool used to investigate and explain the
assumptions of the system that the responses are normally
distributed. This is indicated by the experimental values
located linearly on a straight line so that there are no vari-
ance deviations or response transformations or problems
with normality. Therefore, the normal distribution shown
is very satisfying. Meanwhile, Fig. 3(b) shows the rela-
tionship between predicted versus internally studentized
residuals for the interesterification process. Where for all
response values, the variance remains constant. This is
indicated by the distribution of points that are randomly
scattered around the boundary between 0 to + 3, which
can be seen in the plot of Fig. 3(b). So that this model is
appropriate and can be used in the study without requiring
the transformation of the response variable. Meanwhile, to
analyze the suitability of the model, it is indicated by the
plot of run numbers versus internally studentized residu-
als (Fig. 3(c)). Where in Fig. 3(c), it is shown that all exper-
imental data points are still in the range between 0 to + 3.
Furthermore, in Fig. 3(d), the leverage versus run number
relationship is shown. Where all the experiments that have
been done are still in the range of 0 to 1 for the leverage



40 Ansori and Mahfud
Period. Polytech. Chem. Eng., 66(1), pp. 30-42, 2022

Normal Plot of Residuals

99 _|
J =
95 1 o
30 3 . o
>
= 80 ]
|
Ei 3
[]
o
& 5p ]
= “J
B 30 8
£ 5
5 20 ﬁ
< g
10 3
E =
57 =
1 =
1
I I | I | I
-2.00 -1.00 0.00 1.00 2.00 3.00

Internally Studentized Residuals

@

Residuals vs. Run

300 |3

| HMM .
W“\J \ |

-3.00

Internally Studentized Residuals

1 5 9 13 17 21 25 29

Run Number

©

Residuals vs. Predicted

300 |3
5]
200 _|
m
K
© [m]
3
o
2 100
o« o
e
N u = o Bn =
= 0 E oe
c 0 - -
g g
&
= L
= -1.00_] =
£ = B Om
[
2
£
-2.00 _| B O
3.00 |3
I I l I I I I
40 50 60 70 80 ED) 100
Predicted
(b)
Leverage vs. Run
1.00 _|
0.80 _|
0.60 _|
DOEEEE EO0E@EO Il DONODODECOEEEEDE
0517241
0.40 _|
0.20 | O om ] m
000 |9
| T T ‘ T T T | LI I LI F T T T | T T T ‘ T T T |
1 5 9 13 17 21 25 29
Run Number
(d)
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value. This indicates that there are no unexpected errors in
the model. With satisfactory plot results in Fig. 3, it can be
concluded that the empirical model is suitable for describ-
ing and optimizing the interesterification process of palm
oil using ultrasound and Box-Behnken design [26-28].

4 Conclusions
In this study, experimental conditions were optimized
by observing the effect of the interaction between the

independent variables on biodiesel production using the
ultrasound-assisted interesterification method and the
response surface methodology (RSM). The Box-Behnken
design (BBD) has been shown to be effective in estimat-
ing the effects of four independent variables; among oth-
ers, the molar ratio of methyl acetate to oil, catalyst con-
centration, temperature, and interesterification time in
biodiesel production to predict optimal operational con-
ditions. Based on the analysis of variance (ANOVA), the



experimental results show that the linear terms of the three
independent variables (molar ratio of methyl acetate to oil,
concentration of catalyst, and temperature) and all qua-
dratic parameters have a significant effect on the response
value (biodiesel yield). So that the resulting model is suit-
able for simulation using the Box-Behnken design (BBD).
The optimal conditions for the interesterification process
of palm oil using ultrasound and BBD are suggested as
follows: methyl acetate to oil molar ratio of 18.74:1, cata-
lyst concentration of 1.24 % wt, temperature of 57.84 °C,
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