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Abstract. Jatropha oil Eone of the promising feedstocks for biodiesel production. Jatropha oil is non-edible oil hence
utilization of this oil would not compete with the needs of food. However, crude jatropha oil usually has high free fatty
acid (FFA) content. Due to this fact, direct alkaline-catalyzed transesterification of crude jatropha oil for biodiesel
production cannot be performed. FFA in crude jatropha oil will react with a base catalyst, resulting in soap as by product
and hindering methyl ester (biodiesel) production. Therefore, prior to a transesterification reaction, it is crucial to run a
pretreatment step ropha oil which can lower the FFA content in the oil. In this work, the pretreatment process was
conducted through the esterification reaction of FFA contained in crude jatropha oil with ethanol over tin (II) chloride
catalyst to reduce the acid valulhe feedstock. The feedstock was Indonesia crude jatropha oil containing 12.03% of
FFA. The esterification reaction was carried out in a batch reactor with a molar ratio of FFA to ethanol was 1:60 and total
reaction time was 180 minutes. Tin (II) chloride catalyst was varied at 2.5, 5, 7.5, and 10% wt, whereas the effect of the
reaction temperature was studied at 35, 34, 55, and 65 °C. The best reaction conversion was 71.55%, achieved at the
following condition: a reaction temperature of 65 °C, catalyst concentration of 10% wt, the reaction time of 180 min, and
the molar ratio of FFA to ethanol was 1:60. Kinetics study was also conducted in this work. It was found that
esterification reaction of jatropha oil FFA with ethanol catalyzed by tin(II) chloride fitted the first-order pseudo-
homogeneous kinetics model. It was also revealed that the frequency factor (A) and the activation energy (Ea) were
4.3864 x 10° min"! and 56.2513 kl/mole, respectively.

INTRODUCTION

The rapid growth in industrialization and transportation has increased the energy demand all over the world [1].
In accordance with this global trend, fossil fuel is the most used energy source to date. However, recently, there are
two important issues related to the fossil fuel utilization. First, fossil fuel depletion has been known as a future
challenge of the energy security. Secondly, related to the environmental aspect, fossil fuel burning releases CO:
emission which is among the primary greenhouse gasses. Greenhouse gasses are the principal contributor to the
global warming and climate change [2, 3]. Thus, an efficient strategy is needed to reduce the consumption of fossil
fuel as the main CO2 emission source. To overcome this problem, it is essential to develop alternative energy which
is renewable and has eco-friendly characteristic. Among the most prospective alternative energy source is biodiesel.
Biodiesel is clean energy source which holds many advantages. It has comparable properties to fossil-based diesel
fuel, can be produced in large quantity, and it includes to the low carbon energy source. Due to its benefits, biodiesel
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is the top priority of the national biofuel development policy in Indonesia as stated in the Presidential Regulation

Nofky 2016.

%}diese] can be produced from vegetable oils, both edible and non-edible oils, as raw material. However, due to
the competition of edible oil for food and biofuel production, utilization of non-edible vegetable oil as biodiesel
feedstocks is more favorable [4]. In this work, biodiesel production using jatropha oil was carried out. Jatropha oil is
non-edible oil which is available in Indonesia. Biodieff) is generally produced via alkaline-catalyzed
transesterification reaction of vegetable oil. However, jatropha oil contains a high amount of free fatty acid (FFA)
which is not suitable for a direct transesterification. The high content of FFA will react with the basclfEBtalyst,
resulting in soap byproduct and hindering methyl ester (biodiesel production). Therefore, pretreatment step to reduce
the FFA content in th@edstock is necessary. The pretreatment process can be performed through the esterification
reaction of FFA using alcohol in the presence of acid catalyst [5]. In this work, esterification reaction of jatropha oil
was conducted using ethanol over tin (II) chloride catalyst. Tin (II) chloride is solid Lewis acid catalyst which has
many benefits. It is cheap, active, less corrosion, easy to separate with the reaction product of the reaction, but it acts
alike a homogeneous catalyst during the reaction [6]. The esterification reaction of jatropha oil with alcohol is
depicted in Equation (1). In this research, the effects of main parameter of the reaction were evaluated. Kinetics
study was also carried out to obtain the kinetics constants of the reaction.

o (o]
Catalyst + HO
1 R + 3 R;—OH 3 R =
T
O—H O—FR,;
(1)
Fatty acid Alcohol Alkyl esters Water
(Biodiesel)
EXPERIMENTAL METHOD

The feedstock used in this work was jatropha oil with FFA content of 30.57, which was obtained from PT Pura
Energi Kudus, Indonesia and absolute ethanol (Merck). The catalyst was QII] chloride (SnClz.2Hz0) was
purchased from Merck. The esterification reaction was conducted in a 250 mL batch reactor equipped with a
condenser and magnetic stirrer. Initially, 65.5 g jatropha oil was introduced to the reactor and heated up to 35°C. In
the same time, 100 mL ethanol was heated separately until it reached the identical temperature, and subsequently, it
was discharged to the reactor to react with the jatropha oil. Tin (I1) chloride as much as 3.3 g (5% wt) was then
added to the reactor. Samples of the reaction were withdrawn at following reaction time: 0, 15, 30, 45, 60, 90, 120,
and 180 minutes. The experiments were conducted at various temperature and catalyst concentration. Estimation of
the reaction conversion was conducted based on the FFA content in the reaction mixture by using standard NaoH
titration [7]. The data obtained was then utilized for kinetics study and kinetics parameter evaluation. Determination
of the FFA content was carried out using the following formula:

(Mr)(N KOH)(V KOH)

0 ptd — 0,
Yo acid (W)(1000) x 100% (2)
% FFA = % acid of the sample - % acid of tin (II) chloride (3)
Where, % acid of the sample = acid content of (FF A+ tin (II) chloride) in the sample, % wt
% acid of tin (II) chloride = acid content of tin (II) chloride in the sample, Y%wt
% FFA =R} fatty acid content resulted in the esterification reaction, %wt
Mr = molecular weight of oleic acid, g/mol
NKOH = normality of KOH solution used as titrant, N
VKOH = volume of KOH solution used for sample titration, mL
W = weight of oil sample, g
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FFA conversion was determined using the following equation:

X, = |% FFA initial—% FFAsample|
-1 9 FFA initial |

x 1000 (4)

Where, X is reaction conversion, %.

RESULTS AND DISCUSSION

In this work, esterification reaction of jatropha oil with ethanol was carried out in a batch reactor in the presence
of tin (IT) chloride catalyst. The molar ratio of FFA to ethanol was 1:60. Variables studied in this work were reaction
temperature and catalyst concentration.

Effect of Reaction Temperature

The reaction temperature was varied at 34, 45, 55, and 65 °C. On the aer hand, molar ratio of FFA: ethanol and
catalyst concentration were maintained at 1:60 and 5%, respectively. Effect of the reaction temperature on the
reaction conversion is shown in Fig. 1.
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FIGURE 1. Effects of Temperature on the FFA Conversion at Different Reaction Temperatures

Figure 2 revealed that the FFA conversion increased with the increasing of the temperature. It was due to the fact
that esterification reaction is an exothermic reaction. Based on the Arrhenius equation, the higher reaction
temperature will enhance the value of the reaction rate coefficient, causing the higher reaction rate and conversion.
Among the experiments conducted at various temperature and reaction time, the best conversion was 68.96%, which
was obtained at the temperature of 65°C with the reaction time of 180 minutes. The optimal reaction temperature
obtained was in accordance with the result reported in the literature for FFA esterification using acid catalyst [8].
Therefore, this temperature was employed for the subsequent experiments which studied the influence of catalyst
concentration.

Kinetic Study

The data of reaction conversion at different reaction time and temperature were utilized for the reaction kinetics
determination. To develop the kinetics model of the reaction, Equation (1) was rewritten to Equation (5).

A+ E =2 D + W

(FFA) (Ethanol) (Methyl Ester) (Water) )
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At stoichiometric condition, esterification reaction is usually considered as a second-order reversible reaction, which
can be formulated as demonstrated in Equation (6).

—r, =k,C,Cg — k;C,Cp (6)

However, in this work, a far excess of alcohol was applied, indicated by the molar ratio of FFA to alcohol of
1:60. Hence, it could be assumed that the reaction equilibrium shifted to the completion of product formation and
the reverse reaction could be neglected. Furthermore, since ethanol in the reaction system was great excess with
respect to FFA, its concentration could be considered to remain constant throughout the reaction time. Therefore, the
ethanol concentration could be included in the rate constant, resulting in a pseudo-first-order reaction rate model [6].
The reaction rate thus can be abridged to one exhibited in Equation (7).

4=k Ca (7)

To obtain the parameters of the reaction rate, mass balance of A (FFA) in batch reactor was developed:

Rate of mass A in — Rate of mass A out — Rate of A consumed in the reaction = Rate of accumulation of A (8)
dCyV
Nao— Na — (1a4) V=- % (9
t
dCyV
0— 0 — (1a) V=- —4= 10
(-ra) e (10)
)= —A (11)
(-1a) e
Substitution of Equation (7) to Equation (11) resulted in Equation (12):
k C,—. %% (12)
477 ar
Based on the stoichiometric equation, Cy can be expressed is the function of reaction conversion:
— X4 (13)
Ca=Cao (1-—=
a=Cao ( 100]
Substitution of Equation (13) to Equation (12) resulted in the following equation:
X
x4 dCpo(1—2) (14)
k,CAO[]-m] =. &
)
. Coo (1-XA) = - Cpg =2 200 1
0007 T AL g
-1 Xa (16)
kdt == )
100
t X 1 X 17)
dt = —["A__4q-24 (
kfo fu (1- =4, (1 mn]
ipo
X
k.t =-In(1- =4 (18)
100
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The value of reaction rate constant can be obtained using linear regression method. The values of Sum of Square
Error (SSE) were also measured. The calculation was solved numerically using Matlab program. The values of
reaction rate constant (k) obtained are demonstrated in Table 1. It was revealed that the SSE value for each
temperature was small, indicating that the calculation was accurate.

TABLE 1. Reaction Rate Coefficient at Various Reaction Temperatures

Temperature (K) k.10%(1/min) SSE.10°
308 0.9066 0.19528
318 3.9716 1.2979
328 5.4821 3.6370
338 6.9330 1.3651

Furthermore, the fitting of the reaction kinetics model to the experimental data is exhibited in Fig. 2. It is shown
that the calculated values estimated based on the kinetic model were closed to the experimental data. It means that
the kinetic model proposed (pseudo-first order model) was appropriate for this esterification reaction system.
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FIGURE 2. Comparison of the Calculated Value Resulted from the Model and the Experimental Data

The reaction rate constant obtained was then utilized to find the activation energy (Ea) and frequency factor (A)
values in the Arrhenius equation using linear regression method. Arrhenius stated that correlation between reaction

rate and temperature is written as:

030086-5




k=Aexp(—) (19)

By composing correlation of In k and (1/T) using linear graph fitting as shown in Fig. 3, it was found that the value
of A was 4386414.8912 min"' and the activation energy (E) was 56.2513 kJ/mol. This value of activation energy
was comparable to those reported in the literature for acid catalyst esterification, which starting 46.69 kJ/mol [6],
50.74 kJ/mol and 42.76 kJ/mol [9]. The result of this research was considered accurate since the coefficient of
determinant (R?) was 0.8427, which was closed to 1. The relative error in this modeling was 5.088%, and correlation
of reaction rate coefficient and the reaction temperature was formulated in the Equation (20).

56,2513

k=4386414,8912exp(— =

) (20)
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FIGURE 3. Correlation of Reaction Rate Coefficient and Reaction Temperature

Effect of Catalyst Concentration

To evaluate the effect of a catalyst on the reaction conversion, the concentration of the catalyst employed was
varied at 2.5, 5, 7.5, and 10% wt. Reactions were conducted at the fixed molar ratio of FFA to ethanol and reaction
temperature of 1:60 and 65 °C, respectively. The result is presented in Fig. 4. This Figure has shown that the
increasing of the catalyst concentration brought the higher FFA conversion. It is because catalyst can provide an
alternative route of the reaction which requires a lower activation energy to result in the product. It consequently
brought about the higher reaction rate and higher conversion. Figure 4 demonstrated that the reaction conversion
enhanced significantly when the catalyst concentration was increased from 2.5 to 5% wt. However, the addition of
the catalyst concentration to the higher amount than 5% resulted in a relatively constant conversion. It is due to the
fact that at 5% wt of catalyst, the amount of catalyst has almost reached the maximum amount of catalyst which is
required to activate the carbonyl group of the FFA. The best reaction conversion was 71.55% provided by the
catalyst concentration of 10% wt. This result is comparable to the reaction performed using a homogeneous sulfuric
acid catalyst which yielded reaction conversion of around 77% [8]. On the other hand, in this work, 5% wt of
catalyst provided 68.96%. Therefore, the employment of 5% wt of the catalyst is considered more efficient.
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FIGURE 4. FFA Conversion at Different Catalyst Concentration

CONCLUSIONS

Based on the result of the research, it can be concluded that the higher reactiofffmperature, the higher value of
reaction rate coefficient was obtained, resulting in the higher conversion of FFA. On the other hand, the increasing
of catalyst concentration Elployed in the reaction led to the higher reaction conversion achieved. The study on the
reaction kinetics showed that the reaction fit the first order pseudo-homogeneous model. Parameter values obtained
in this works were: frequent factor (A) was 4.3864 x 10° min’!, activation energy (E) was 56.2513 kl/mol. The
highest reaction conversion achieved in the experiments of jatropha oil esterification with ethanol over tin (II)
chloride catalyst was 71.55% at the reaction temperature of 65°C using 10% concentration of catalyst at the molar
ratio of FFA to ethanol of 1:60.
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