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Abstract

Biodiesel is a form of renewable energy source that is of particular importance, since it has been commercially produced and
applied as a practical fuel. However, the price of biodiesel is still higher than that of petrochemical fuel, reflecting the need for
optimizing the production process in order to reduce the cost. Current study was conducted to optimize the biodiesel production
from coconut oil catalyzed by zeolite-A (zeo-A) produced by hydrothermal method utilizing rice husk silica (RH-SiO,) and food-
grade aluminum foil (FGAF), followed by calcination of the zeolite at 550 °C for 6 h. Physical characteristics of the zeolite were
obtained using different characterization techniques, including XRD, SEM, and BET. The zeolite was applied in transesterification
experiments with the aid of response surface methodology based on central composite design (RSM-CCD) for evaluating the
influence of catalyst load, the ratio of methanol to oil, and reaction duration on coconut oil conversion. A polynomial model with an
analysis of the data variance indicates that the highest yield of biodiesel was produced from the experiment run for 1 h, loaded with
2.5% catalyst, and methanol to oil volume ratio of 5:1. Under optimum conditions, the biodiesel yield of 98% was achieved or a 2%
error from the maximum yield (100%) as predicted by the model. In this respect, satisfactory optimum conditions for

transesterification were successfully achieved with the aid of the RSM-CCD method applied.
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1. INTRODUCTION

Among various renewable energy

biodiesel is of particular interest since this biofuel

sources,

has been prepared from different feedstocks,
including vegetable oils [1][2] and microalgae
lipids [3], as it has reached commercial scale
production and application by blending it with
petrochemical diesel at certain proportions [4][5].
For example, B20 fuel is the term used for a
mixture of 20% biodiesel from flaxseed oil and
80% pure diesel and applied in Bangladesh [6], a
blend of 40% biodiesel from waste cooking oil and
60% pure diesel (B40) is applied in Malaysia [7],
and biodiesel from palm oil-diesel blends (B30,
B40) are used in Indonesia [8]. Successful
commercialization of biodiesel implies that role of
this biofuel in global energy platforms will continue
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to increase [9][10]. At present, the main feedstocks
for industrial-scale biodiesel production is still palm
oil in both Indonesia and Malaysia [11]. However,
due to the concern of food security issues associated
with the use of palm oil, many investigations have
been devoted for investigating biodiesel production
from various alternative feedstocks, such as Ricinus
communis oil [12][13], groundnut oil [14], waste
cooking oil [15], rubber seed oil [16][17], coconut
oil [18][19], and sunflower oil [20]. Of the various
raw materials mentioned above, coconut oil is a
very promising feedstock for biodiesel production
in Indonesia, because coconut plants can grow well
in almost all regions of the country. Furthermore,
coconut plants are relatively easy to cultivate with
relatively low cost. Despite this promising potential,
most plantations are owned by small companies,
with limited production, therefore, the quantity of
coconut oil is not sufficient to be utilized as the
main raw material.

Despite the successful commercialization of
biodiesel, it must be acknowledged that the price of
biodiesel is still more expensive than that of fossil
biodiesel. Due to this drawback, many studies have
been focused on the optimization of
transesterification to make the production process
more cost-effective. Obtaining an optimum
condition is important since transesterification is a
multivariable reaction, in which the three most
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Table 1. Variables used to design experimental matrix.

Variable Symbol
CL (%) A
M/O ratio B
t (min) C

Levels
-1 0 1
2.5 5 7.5
4 5
15 37.5 60

determining variables are the catalyst load [21]-
[23], alcohol to oil rasio [16][19], reaction
temperature [19], and reaction time [18]. To
establish optimum conditions for transesterification,
the application of statistical methods is attracting
growing interest from many researchers. Of
particular interest is a statistical technique known as
response surface methodology (RSM) [7][24]. The
main advantage provided by this technique is the
disclosure of the effect of interaction between
variables on the reaction of interest. This interaction
effect is not obtained using a partial optimization
approach, in which the optimum condition was
formulated based on the optimum value of every
single variable determined in sequence. Due to the
advantage it offers, the RSM technique has been
used to optimize transesterification reaction of
varied raw materials including palm oil [24][25],
waste cooking oil [7][26], coconut oil [27],
Podocarpus falcatus oil [27], soybean oil [23],
rubber seed oil [28], neem, animal fat, and jatropha
[29]. Overall, the findings of the
aforementioned previous studies demonstrate the

oils

usefulness of the RSM technique in formulating the
optimum condition for transesterification of various
feedstocks [30]. For this fundamental finding of
previous workers, in this present work, the RMS
was applied to optimize zeolite-A catalyzed
transesterification of coconut oil involving three
variables, i.e., catalyst load (CL, %), methanol to oil
(M/O) ratio, and reaction time (t, min).

2. MATERIALS AND METHODS

2.1. Materials

Reagent grade sodium hydroxide (NaOH), nitric
acid (HNOs;), and methanol (CH;OH) were reagent
grade from Merck. Rice husks, food-grade
aluminum foil (FGAF), and coconut oil were
supplied by local companies in the city of Bandar
Lampung. Oven (Memmert UN Universal 321

Model), Thermolyne 1100 Mode Muftle furnace,
Xpert MPD type XRD instrument, ZEISS EVO MA
10 SEM Instrument, Quantachrome Instruments
type BET instrument, Shimadzu GCMS-QP2010
SE GC-MS instrument was used to analyze
biodiesel produced and NIST12 MS Library
Software was used to identify chemical components
of the biodiesel.

2.2. Methods

2.2.1. General Procedure

The experiments carried out in this research
consisted of extraction of rice husk silica (RH-SiO,)
using sol-gel method, utilization of RH-SiO, and
FGAF as raw materials for preparation of zeolite-A
using hydrothermal technique followed by
SEM, and BET.
Zeolite-A synthesized was then used to catalyze
transesterification of coconut oil, focussing on RSM

characterization using XRD,

for optimization of the reaction. The biodiesel
produced was analyzed by GC-MS method.

2.2.2. Extraction of RH-SiO;

Extraction of RH-Si0, was carried out following
previous research [31]. The rice husks were cleaned
and dried before use. Then, 50 g of rice husks were
extracted with 1.5% NaOH in 100 mL then boiled
for 30 min, and finally aged for 24 h. The filtrate
was collected by filtration and then neutralized
using 10% HNOs; solution. The SiO, gel formed
was subjected to 24 h aging treatment, followed by
8 h oven drying at 100 °C, and finally crushed and
sieved.

2.2.3. Synthesis of Zeolite-A

Preparation of zeolite-A was conducted using the
procedure applied by previous worker [31]. First,
20 g of NaOH were dissolved in 250 mL of distilled
water and the solution was divided into two
portions. The first (150 mL), was used to dissolve
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30 g of RH-Si0,, while the second (100 mL) was
used to dissolve 13.5 g of food-grade aluminium
foil. The two solutions were mixed, and the mixture
was stirred at stirring rate of 500 rpm for 3 h at
atmospheric pressure. The mixture was transferred
into an autoclave and left at room temperature for
24 h for aging purposes. The autoclave was then
placed in an oven for crystallization process at 100
°C for 72 h. The solid formed was washed and dried
at 100 °C in an oven for 8 h. The solid was
subjected to calcination at 550 °C for 6 h, ground
into powder, and finally sieved using a 250 nm
mesh.

2.2.4. Transesterification Reaction
Transesterification reaction was carried out in a
500 mL round flask, with a transesterification
apparatus connected to a refluxing condenser. The
mixture of coconut oil, methanol, and catalyst at
specified amounts was allowed to react at 70 °C for
varied times. Fixing the reaction temperature at 70 ©

C was based on boiling temperature of methanol
used, in order to ensure the optimum contact
between the oil and the methanol. Increased to
higher temperature was not appropriate higher
temperature will cause the methanol exist as vapor
and therefore limit its contact with the oil. After the
reaction, the mixture was filtered to separate the
filtrate from the catalyst. The biodiesel and
unreacted (residual) oil were separated using a
separating funnel, and then the oil conversion was
determined according to Equation 1 [12].

V-V
0il conversion = v x 100%

i

1)

where V; represents the volume of coconut oil
used as reactant, and V; represents the volume of the
remaining oil.

2.2.5. Proposed Model and Statistical Analysis
As previously mentioned, transesterification
optimization was attempted by applying RSM based
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Figure 1. XRD profile of zeolite-A prepared.

Figure 2. SEM image of synthesized sample with magnification of 10,000 (a) and 15,000x (b) showing
the existence of zeolite-A and sodalite.
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Figure 3. The N, adsorption and desorption of the synthesized zeolite-A.

Table 2. Experimental matrix, experimental oil conversion, and predicted oil conversion based on

polynomial model.

Run A 5
CL (%) (M/O) ratio
1 5 3
2 5 5
3 7.5 4
4 2.5 3
5 5 4
6 2.5 5
7 2.5 4
8 5 4
9 2.5 5
10 7.5 4
11 5 4
12 2.5 3
13 5 3
14 7.5 4
15 5 3
16 7.5 3
17 5 5
18 7.5 5
19 2.5 5
20 7.5 5

C QOil Conversion (OC%)
t (min) Experimental Predicted
60 98 98.99
37.5 90 92.99
37.5 77 73.57
37.5 32 38.86
60 99 99.88
37.5 81 74.18
37.5 49 50.43
37.5 80 74.94
15 70 70.93
37.5 67 73.57
15 70 73.04
60 80 75.13
15 69 62.18
37.5 77 73.57
60 98 98.99
15 70 72.85
37.5 90 92.99
37.5 88 85.92
60 98 100
60 100 99.53

on CCD. The CCD was selected since this technique
is known to offer strong predictive and optimization
capabilities, as well as better model precision
compared to other methods. For these reasons, the
CCD technique has been applied by other workers
in order to investigate optimum conditions for

transesterification of various feedstocks, such as
Jatropha oil [32], sunflower oil [33], and waste
cotton-seed cooking oil [34]. Investigation of the
influence of independent wvariables, including
catalyst load (CL, %), methanol to oil (M/O) ratio,
and reaction time (t, min), and interactive effects of
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these variables on biodiesel yield as dependent
variable was based on the proposed polynomial
regression model shown in Equation 2 [25][26].

k i-1

g = Bu+iﬁ1& + iﬁuxHZZﬁum te )
i=1 i=1

i=1j=1

In the above model, § = biodiesel yield as a
response, f, = the intercept, X = independent
variables, 7 is a linear coefficient, j is a quadratic
coefficient, f; = coefficient of linear interaction, f;
= coefficient of quadratic interaction, and f;=
coefficient of interaction effect, k£ = the number of
factors investigated, and & = random error [26]. The
features of variables used to design experimental
matrix are shown in Table 1.

The levels of variables used, as listed in Table 1,
were used since these values are the most
commonly applied in transesterification of
vegetable oils, although some studies involved
different wvalues should be acknowledged and
respected. Using statistical software (Design-Expert
13.0, USA), the variable features as shown in Table
1 were used to generate experimental matrix
consisting of 20 transesterification experiments
with varied levels of the variables. The features of
the model include the significance and the fitness,
the effect of a single variable, and the effect of
interaction between independent variables on the

response variable were evaluated using analysis of
variance (ANOVA. If the experimental and
predicted data are not significantly different (close
to each other), the model is accepted (satisfactory).
As a basic reference, a model is considered valid if
the R? > 75% or the p-value < 5%, with a level of
confidence of 95% [35]. Visualization of the
relationships between independent and dependent
variables was prepared by drawing 3D response
surface profiles and contour plots.

3. RESULTS AND DISCUSSIONS

3.1. Zeolite-A Characterization

Figure 1 represents XRD profile of the sample
synthesized, indicating that the sample is crystalline
material. Analysis of the diffractogram pattern
using Match! Version 3.4.2 Build 96 software
revealed that the sample is composed of zeolite-A
as a primary phase and sodalite as a minor
component. These two phases have also been
reported by Djozing et al. in the sonohydrothermal
synthesis of zeolite A [36]. SEM images displaying
surface morphology of the zeolite-A produced as
presented in Figure 2 support the XRD
diffractogram, which suggests the presence of
zeolite-A and sodalite as crystalline phases. As seen
in Figure 2, the images are marked by coexistence

Table 3. The results of ANOVA for quadratic model proposed.

Source Sum of Square Degree of Freedom Mean Square  F-value P-value
Model 5548.87 9 616.54 20.04 <0.0001*
A 572.60 1 572.60 18.61 <0.0001*
B 938.08 1 938.08 30.49 0.0002*
C 490.99 1 490.99 15.96 <0.0001*
AB 160.30 1 160.30 5.21 0.0456%*
AC 121.17 1 121.17 3.94 0.0753
BC 136.59 1 136.59 4.44 0.0613
A’ 722.41 1 722.41 23.48 0.0007*
B? 132.97 1 132.97 4.32 0.0643
C? 424.30 1 424.30 13.79 0.0040%*
Residual 307.68 10 30.77

Lack of Fit 241.01 6 40.17 2.41 0.2069
Pure Error 66.67 4 16.67

Total 5856,55 19

*Note: R* = 0.9475, adj R* = 0.9002, pred R? = 0.7256, adeq precision = 15.7104, C.V % =7.01
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Figure 4. (a) Plot of experimental and predicted, (b) actual result data, and (c) residuals vs runs.
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Figure 5. The surface response plots displaying interactions between variables (a) CL vs M/O ratio, (b) CL
vs t ratio, and (¢) M/O ratio vs t.

particles in the form of cubic shape, which is a
unique shape of zeolite-A [31][37], and the particles
look like a ball of thread [38], which is a
characteristic shape of sodalite.

Characterization of the sample using BET
produced the N, adsorption and desorption isotherm
shown in Figure 3. The presence of a hysteresis
loop marks the isotherm, and according to [UPAC
classification, the isotherm belongs to type IV,
implying that the sample is mesoporous material
[38], with a pore diameter ranging from 2 to 50 nm.
This pore diameter was suggested by previous
workers to promote the passage of the reactants
(vegetable oil) through the pores of the catalyst
during transesterification reaction of waste
production of biodiesel [39].
Other characteristics of the sample provided by
BET analysis are specific surface area (118.164 m?/

vegetable oil for

g), total surface area (13.447 m?), average pore
diameter (38.330 nm), and total pore volume (0.129
cm’/g). Type IV isotherms have been reported by
several workers as a characteristic adsorption-
desorption feature of various mesoporous
adsorbents, such as zeolites. As an example, Tao et

al. reported the synthesis of mesoporous zeolite-A

and suggested that this mesoporosity resulted in
reduced mass transfer resistance, thereby enhancing
the diffusion of reactant molecules when the zeolite
is applied as catalyst [40]. This type IV isotherm
was also displayed by hierarchical zeolite Y applied
as catalyst for production of biodiesel from waste
vegetable oil [39]. The zeolite-Y synthesized was
reported to have surface area 331.628 m%/g and an
average pore size of 7.5073 nm. The pore size of
the zeolite Y falls within the mesoporous range of 2
—50 nm, allowing the passage of the reactants
through the pores [39]. In another study, zeolite
specified ZRP-5 zeolite, applied as catalyst for
production of biodiesel from oleic acid, was
characterized using BET and observed that the type
IV isotherm feature, with specific surface area of
312 m%g, and total pore volume of 0.240 cm’/g
[41].

3.2. Transesterification Result and Data Analysis
The predicted oil conversions and the actual
conversions obtained from the experiments,
presented in Table 2, display that both the predicted
and actual results are varied depending on the

values of the three wvariables involved. This
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variation reflects that the three variables affect to
different extents on the reaction under investigation.

The data obtained from experiments were then
analysed using Design Expert 13.0 software to
generate the polynomial model which indicates the
effect of the investigated factors (linear and
quadratic), as well as the effect of interaction
between the factors. The following model was then
produced in Equation 3.

§=74.94+11.57A + 11.96B + 13.42C -
5.70AB - 6.34AC - 4.99BC - 12,94A% +
6.09B>+ 11.52C2 3)

In the polynomial equation above, positive
coefficients were obtained for CL (A), the M/O
ratio (B), duration of reaction (C), quadratic effect
of methanol to oil ratio (B?), and quadratic effect of
reaction time (C?), which means that they have a
synergistic effect on the oil conversion. For the rest
of the terms, negative coefficients were found,
suggesting that they have an antagonistic effect on
the reaction. The experimental data obtained were
also evaluated using ANOVA method, and the
significance of the coefficient of parameters was
considered in terms of probability (P) value as
presented in Table 3.

The value of P was then used as a criterion to
reject the Hy if the P < 0.05 and vice versa if the
value of P > 0.05, which means that the H; is
rejected. In this regard, since the P-value according
to the model is less than 0.05, the Hy is rejected and
H, is accepted. More specifically, the model was
found to have the P-value < 0.0001 indicating very
strong evidence against the H,, confirming the
statistical significance of the model proposed. The P
-value indicates the probability of error that can be
used to confirm the significance of each regression
coefficient. Another result of ANOVA is the F-

value of 2.41, which implies that the Lack of Fit is
not significant compared to pure error. In addition,
there is a 20.69% possibility that the Fit F-value is
due to noise.

Figure 4(a) shows a good normal distribution
graph while Figure 4(b) shows the prediction and
actual conversion graph. On the other hand, Figure
4(c) shows the residual versus run graph that the
data are randomly distributed and approach the
center line (0) without crossing the red line, which
means that there are no outlier data, and meets the
assumption of homoscedasticity.

The consequence of interaction effect between
CL and M/O is displayed in Figure 5(a),
demonstrating that the higher the M/O ratio the
higher the conversion of coconut oil into biodiesel.
It is also observed that increased CL to a maximum
point led to increased oil conversion but then
decreased. Interaction effect between CL and
reaction time (t) is shown in Figure 5(b),
demonstrating that the longer time, the greater the
increased catalyst load
initially led to increased oil conversion to a
maximum value and then decreased. Previous

oil conversion, while

workers suggest that the use of excessive amounts
of catalyst will increase the viscosity of the mixture
and cause mixing problems during
transesterification reaction, thus decreasing oil
conversion into biodiesel [42]. The effect of
interaction between the M/O ratio and t on oil
conversion (OC) is depicted in Figure 5(c), showing
that the OC increases as both the M/O oil ratio and t

increase.

3.3. Optimization Process

Statistical analysis using CCD was applied to
formulate the optimum oil conversion based on the
polynomial model proposed. The criteria for
optimization and the optimum conditions are

Table 4. Optimization criteria for coconut oil transesterification investigated.

Level
Variables Goal
Lower value Upper value

CL (%) In the range 2.5 7.5

M/O ratio In the range 3.0 5.0

Reaction time (t, min) In the range 15.0 60.0
Oil conversion (%0C) Maximum 32.0 100.0
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Figure 6. Chromatogram of the biodiesel sample representative.

Table 5. Composition of coconut oil derived biodiesel produced.

Peak Number Retention Time (min) Molecule Formula Name Relative Presentation
1. 3.461 C;H,,0, Methyl caproate 0.40
2. 5.486 CoH;30, Methyl octanoate 7.76
3. 8.116 C;1H»0, Methyl caprate 691
4, 10.838 C13Hy60, Methyl laurate 41.37
5. 13.219 C,5H300, Methyl myristate 20.18
6. 15.405 C7H340, Methyl palmitate 10.75
7. 17.195 Ci9H360, Methyl oleate 9.60
8. 17.391 Ci9H;350, Methyl stearate 3.04

presented in Table 4. As seen in Table 4, the
optimized model suggested that the maximum oil
conversion (100%) was achieved from the
experiment using CL of 2.5% catalyst, M/O ratio of
5, and reaction time (t) 1 h. To validate the
optimization result, three

undertaken and it was found that the average oil

experiments were
conversion of 98% was obtained, or a 2% deviation
from the predicted maximum value (100%). This
slight overestimation of the model is commonly
observed in RSM-based models due to their
reliance on idealized mathematical assumptions. In
our case, the model does not fully account for minor
experimental factors which can subtly reduce the
actual conversion efficiency. Moreover, this very
small deviation (2%) indicates that the model has
and confirms the
strategy  for

high predictive accuracy
robustness of the optimization
biodiesel production.

3.4. GC-MS Analysis

To confirm that the biodiesel was successfully
produced, a GC-MS method was applied to analyze
a sample resulting from the experiment with the

highest %OC, producing GC-chromatogram
presented in Figure 6. With reference to the
standard data available in NIST12 MS Library
System Software (NIST12), the components of the
sample were identified and listed in Table 5.
Chemical composition of the transesterification
products, listed in Table 5, which is composed of
fatty acid methyl esters (FAMEs), confirms
successful conversion of coconut oil treated into
biodiesel as expected. In addition, methyl laurate
exists as the main component of the biodiesel
(41.37%), which is in agreement with the relative
percentages of fatty acids commonly found in
coconut [19][43].
Previous

have reported

transesterification of coconut oil with different

workers

zeolite as catalyst, such as KNO;/KL zeolite with
oil conversion of 77.2% [44]. Other workers have
reported application of various types of catalyst for
production of biodiesel from different feed stocks,
such as hierarchical zeolite for production of
biodiesel from waste frying oils [45] and waste
vegetable oil [39], ZSM-5 for biodiesel production

from Ricinus communis oil [12], bifunctional
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catalyst for biodiesel production from coconut oil
[27], and acid/base bifunctional catalyst for
production of biodiesel from waste cooking oil [46].
In this current study, the composition of
triglycerides composing the oil was not determined,
however it is reasonable to assume that the
composition of triglycerides is reflected by the
composition of biodiesel produced, with respect to
the oil conversion achieved (98%).

4. CONCLUSIONS

In this work, zeolite-A catalyzed
transesterification reaction of coconut oil was
studied using RSM-CCD statistical technique in
order to establish optimum conditions based on
catalyst load (CL), methanol to oil (M/O) ratio, and
reaction time (t) parameters on the percentage of the
oil converted into biodiesel (%0OC). Based on the
polynomial model established, it was found that the
predicted and the experimental data are in good
agreement, as indicated by the values of the R? =
0.9475 and the adj R* = 0.9002. Analysis of the
variance of the data indicates that the optimum
conditions were the CL of 2.5%, the M/O volume
ratio of 5:1, and 1 h reaction time (t), resulting in oil
conversion (OC) of 98% or only 2% error from the

maximum value of 100% as predicted by the model.
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