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Abstract — Nyamplung (Calophyllum inophyllum Linn) is one of the most widely grown plants in Indonesia. In addi-
tion, nyamplung oil has a future competitive advantage in that it can be processed into biodiesel. However, conventional
methods for transesterification of nyamplung oil have been less effective. Therefore, in this study biodiesel was pro-
duced using microwaves as one of the alternative methods that can improve the shortcomings of conventional methods.
In addition, optimization of parameters such as microwave power, catalyst concentration and transesterification time was
done using Box-Behnken design. The combination of microwave with CaO catalyst and treated with Box-Behnken
design are considered as a new and modern method for production of biodiesel from nyamplung oil and optimizing the
factors that affected the transesterification process. The results showed that factors such as microwave power of 449.29 W,
concentration of catalyst of 4.86% and transesterification time of 10.07 min can produce optimal yield of biodiesel of

92.73% with reliability of 93.22%.
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1. Introduction

Population growth and increasing economic development are two
factors that cause higher energy demand [1]. Most of the energy used
today comes from petroleum, natural gas and coal. Increased energy
consumption can lead to depletion of the fuel reserves, which are
non-renewable natural resources. Many countries have oil fuel short-
ages for their own countries. Therefore, it is necessary to look for
alternative fuels, especially from renewable materials. One alterna-
tive is biodiesel, to replace diesel [2].

Biodiesel is a mono alkyl ester from long chain fatty acids contain-
ing 12 to 24 carbon atoms made from renewable lipid sources, such
as vegetable oils and animal fats through transesterification [3].
When compared to fossil fuels, biodiesel has advantages, such as
raw materials can be renewable, does not have sulfur content so as
not to contribute to the occurrence of acid rain, has a very good lubri-
cant properties that can extend the life of the machine, has high flash
point so it is safer from fire hazards, can reduce toxic air emissions,
and is biodegradable [4].

Nyamplung (Calophyllum inophyllum Linn) is one of the most
widely grown plants in Indonesia [S]. Some studies on biodiesel
development have been done, among others: biodiesel made from
palm oil and biodiesel made from raw material of jatropha oil. In
addition to oil palm and jatropha oil, the raw material of biodiesel
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that has great potential to be developed is nyamplung seed oil.

Compared with fossil fuels, biodiesel has advantages, such as the
nature of renewable raw materials, more energy efficiency, can
replace diesel fuel, can reduce toxic air emissions, and is also biode-
gradable [6]. Some of the superiority of biodiesel produced from
nyamplung is the yield of nyamplung oil is high compared to other
types of plants, jatropha oil 40~60%, palm oil 46~54%, and nyam-
plung oil 40~73%, and nyamplung seed oil has twice as long com-
pared to kerosene. In addition, nyamplung oil has a future competitive
advantage such as biodiesel from nyamplung can be used as a solar
mixer with certain composition, even can be used 100% with proper
processing technology, better emission quality than diesel, can be
used as biokerosen to replace kerosene.

In addition, in this study, innovations were made in the production
of biodiesel from nyamplung oil using microwave power. This is
because from some previous studies indicating that the use of micro-
waves in biodiesel production has several advantages, such as enhanc-
ing the reaction rate, improving the separation process and can
minimize the time of transesterification [7]. While in this research
the used catalyst is CaO. The reason for choosing CaO as a catalyst
for the production of biodiesel from nyamplung oil using micro-
wave power is that CaO is a heterogeneous catalyst which has prop-
erties that are easy to separate with the formed product, requiring no
special preparation [8] and has been used by many researchers [9,10].
Therefore, in this study biodiesel from nyamplung oil was produced
using microwaves with CaO catalyst, and optimization was done
for some parameters such as microwave power, concentration of
catalyst and transesterification time using response surface meth-
odology.
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2. Materials and Method

2-1. Material and process of biodiesel production using microwave

The main raw material used in this study is nyamplung oil and
CaO as catalyst. The system consists of domestic microwave oven
(EMM2308X, Electrolux, maximum delivered power of 800 W)
with wave frequency of 2450 MHz, which is considered as a source
of heat for the transesterification process (Fig. 1). On top of that, the
system is connected to the reflux condenser used to condense. Holes
contained in the microwave serve to connect between the system
with condenser which is still open then closed using PTFE. This
needs to be done with the aim that the radiation from microwave does
not go out into the environment. Finally, the products in the form of
biodiesel, which is still mixed with impurities such as glycerol and
the remaining catalyst, is separated by separating funnel and washed
with warm aquadest (Fig. 2).

—p \Water out

Reflux condenser

+— \Water in

Power controller

Time controller

» Reaction vessel

Fig. 1. Schematic representation for transesterification of nyamplung
oil using microwave power with CaO catalyst.
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Table 1. Levels of independent variables used for optimization

Independent factors

Levels A (W) B (%) C (min)
Minimum point 150 1 10
Central point 300 3 20
Maximum point 450 5 30

2-2. Experimental design with Box-Behnken design

Response surface methodology (RSM) was chosen to optimize
the effect factors of transesterification of nyamplung oil on the effect
of the microwave power (A), concentration of calayst (B), and trans-
esterification time (C) to maximize biodiesel yield. Box-Behnken
design (BBD) offers the experiment matrix designs, and the response
variable is yield of biodiesel obtained (Y), which are displayed in
Table 1. The experiment matrix designs were conducted by parame-
ter A set in range of 150-450 W, B set in range of 1~5%, and C set in
range of 10-30 min. For the statistical dissect, Design-Expert® soft-
ware version 9.0.4.1 (Stat-Ease Inc., Minneapolis) was practiced to
assume the experimental design and to model the data.

3. Results and Discussion

3-1. The effect of microwave power to yield of biodiesel

Microwave power is one of the parameters that needs to be consid-
ered, because microwave power affects mass transfer rates. To study
the effect of microwave power to yield of biodiesel, then in this
research we used some microwave power (150, 300, 450 and 600 W).
The effect of microwave power to yield of biodiesel can be seen in
Fig. 3.

Based on Fig. 3, higher microwave power can lead to higher yield
of obtained biodiesel. This can occur due to the higher temperatures
that are in line or proportional to the higher microwave power. The
existence of these phenomena has an impact on the increasing effi-
ciency of transesterification process and rate of conversion [11]. In
addition, according to Fig. 3 there is also a slight increase in yield
between microwave power of 400 to 600 W. So if in this transesteri-
fication process using microwave power higher than 600 W it is
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Fig. 2. Experimental procedure for transesterification of nyamplung oil using microwave power with CaO catalyst.
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Fig. 3. The effect of microwave power to yield of biodiesel (concentra-
tion of catalyst of 5% and transesterification time of 10 min).

feared that yield of obtained biodiesel will become smaller. This is
possible because based on previous research too high microwave
power can cause the rate of saponification reaction or soap forma-

tion from triglycerides become increasing [12].

3-2. The effect of consentration of catalyst to yield of biodiesel

In the transesterification process, the determination of catalyst
concentration needs to be considered. In the production of bio-
diesel through the transesterification process it is necessary to add
catalyst with a certain concentration. Too high concentration of cat-
alyst can cause the formation of soap, which is the result of a reac-
tion between triglycerides with catalyst. To study the effect of
consentration of catalyst to yield of biodiesel, then in this research
we used some consentration of catalyst (0.5, 1.0, 3.0 and 5.0%).
The effect of consentration of catalyst to yield of biodiesel can be
seen in Fig. 4.

Based on Fig. 4, the higher consentration of catalyst can lead to
higher yield of obtained biodiesel. This is in accordance with research
by Encinar et al. (2012) [13] who reported that a higher consentra-
tion of catalyst can lead to higher yield of obtained biodiesel.

3-3. The effect of transesterification time to yield of biodiesel
In addition to microwave power and concentration of catalyst,
transesterification time is a parameter that also needs to be consid-
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Fig. 4. The effect of consentration of catalyst to yield of biodiesel (micro-
wave power of 300 W and transesterification time of 30 min).
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Fig. 5. The effect of transesterification time to yield of biodiesel (micro-
wave power of 300 W and consentration of catalyst of 5%).

ered. To study the effect of transesterification time to yield of bio-
diesel, we used some transesterification time (5, 10, 20 and 30 min).
The effect of transesterification time to yield of biodiesel can be seen
inFig. 5.

Based on Fig. 5, the yield of obtained biodiesel between transes-
terification time of 5 to 30 min is likely to be constant. This indi-
cates that production of biodiesel is almost reaching equilibrium at
transesterification time of 5 to 30 min, and if transesterification is
done with longer time it is possible to cause soap formation or
saponification reaction. Meanwhile, if transesterification is done
with a shorter time, it is possible that the production of mono-
glycerides and diglycerides will increase and the production of
esters will decrease [14].

3-4. Analysis of Box-Behnken design

A total of 17 experiments were carried out to estimate the response
surface the biodiesel yield. The response variable is that the bio-
diesel yield (Y) depends on the independent variables realize through
the experiments is indicated in Table 2. The results showed that
there is a contact between factors biodiesel yield. To determine
which of the effects in the model are statistically significant, the
p-value of regression was significant with a commonly used a-level
of 5% [15-19]. The quadratic model is described by the following
asin Eq. (1):

Yield=48.74 +0.32%A - 17.54*B + 0.13*C + 0.02*A*B
—0.01*A*C+0.33*B*C — 3.10** A%+ 0.62*B>+ 0.03*C> (1)

The equation in terms of actual factors can be used to make predic-
tions about the response for given levels of each factor. By default,
the high levels of the factors are coded as +1 and the low levels are
coded as -1. The coded equation is useful for identifying the relative
impact of the factors by comparing the factor coefficients. Fig. 6
shows a 3D model of the relationship between the attained biodiesel
yield and three independent factors: microwave power (A), concen-
tration of catalyst (B), and transesterification time (C). The result of
variance analysis for yield of biodiesel showed R? value was 93.22%.
This indicates that fixed variables (microwave power (A), concentra-
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Table 2. Results of the experimental and model values for production of biodiesel using microwave power with CaO catalyst

Microwave power (W)  Concentration of catalyst (%)  Transesterification time (min) - Yield (%) Residual (%)
Experimental Model

150 1 20 72.09 73.85 -1.76
150 3 30 81.25 76.27 4.97
150 5 20 53.06 57.33 -4.27
150 3 10 56.16 55.11 1.05

300 3 20 78.10 78.10 0.00
300 3 20 78.10 78.10 0.00
300 1 30 75.10 78.31 -3.21
300 1 10 92.72 92.01 0.71

300 3 20 78.10 78.10 0.00
300 3 20 78.10 78.10 0.00
300 5 30 86.73 87.44 -0.71
300 5 10 78.03 74.82 3.21

300 3 20 78.10 78.10 0.00
450 3 10 87.92 92.90 -4.97
450 3 30 69.60 70.65 -1.05
450 1 20 81.71 77.44 4.27
450 5 20 87.67 85.91 1.76

Yield (%)

Yield (%)

®)

Yield (%)

15
Ime ("lin) 10 1

©

Fig. 6. 3D response surface plot showing effect of: (A) microwave power
and concentration of catalyst, (B) microwave power and trans-
esterification time and (C) concentration of catalyst and trans-
esterification time.
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tion of catalyst (B), and transesterification time (C)) have an effect of
93.22% on the model. Based on Table 3 it can be seen that micro-
wave power (A), interaction between microwave power and concen-
tration of catalyst (AB), interaction between microwave power and
transesterification time (AC), concentration of catalyst and transes-
terification time (BC) and quadratic of microwave power (A?) are
significant model terms (p<0.05). Optimization results are given with
the biodiesel yield 0f 92.73% with A =449.29 W, B=4.86% and C =
10.07 min for desirability of 100%.

The model F-value of 10.70 implies the model is significant.
There is only a 0.25% chance that an F-value this large could occur
due to noise. P-values less than 0.0500 indicate model terms are sig-
nificant. In this case A, AB, AC, BC, A% are significant model terms.
Values greater than 0.10 indicate the model terms are not significant.
Analytical results showed that the factors interacted with the essen-
tial oil function with significance level R>=0.93 and confidence
level was 95% as can be seen in Table 3. If there are many insignifi-
cant model terms (not counting those required to support hierarchy),
model reduction may improve your model. In addition, as observed
in Fig. 7, the high correlation coefficient represents a high degree of
safety between the actual and predicted values, because most of the
points are closely aligned with the straight line. This has proven that
the results of the investigations during the transesterification process
are accurate and the optimization is highly effective.

4. Conclusion

Under the optimization performed by Box-Behnken design, the
conditions for transesterification of nyamplung oil using microwave
with CaO catalyst have been suggested as follows: microwave
power of 449.29 W, concentration of catalyst of 4.86% and transes-
terification time of 10.07 min with yield of 92.73%. Box-Behnken



Optimization of Transesterification Process of Biodiesel from Nyamplung (Calophyllum inophyllum Linn) using Microwave with CaO Catalyst

Table 3. ANOVA for quadratic model

439

Source Sum of Squares df Mean Square F Value p-value Prob > F
Model 1595.37 9 177.26 10.70 0.0025
A-Microwave power 517.40 1 517.40 31.23 0.0008
B-Concentration of catalyst 32.51 1 32.51 1.96 0.2041
C-Transesterification time 0.58 1 0.58 0.035 0.8564
AB 156.15 1 156.15 9.42 0.0181
AC 471.11 1 471.11 28.43 0.0011
BC 173.21 1 173.21 10.45 0.0144
A? 202.81 1 202.81 12.24 0.0100
B? 25.72 1 25.72 1.55 0.2528
c 27.85 1 27.85 1.68 0.2359
Residual 115.99 7 16.57
Lack of Fit 115.99 3 38.66
Pure Error 0.00 4 0.00
Cor Total 1711.36 16
R>=0.93; Adj R-Squared = 0.85; Std. Dev. =4.07; Mean = 77.21; C.V. (%) =5.27
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design and transesterification of nyamplung oil using microwave

with CaO catalyst showed not only the convenience of the experi-

ments, but also the optimization of the three parameters in detail,

which made the yield of biodiesel obtained more efficiently both

quantity and quality.
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