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Abstract

This study is aimed to produce biodiesel from Pithecellobium dulce seed oil with methanol (CH3OH) and sodium hydroxide
(NaOH) using transesterification process. The impact of operating variables including time of reaction, oil to methanol molar
ratio, and concentration of catalyst on yield of biodiesel is also studied. The experiments were designed based on Box–Behnken
approach considering three factors with three levels. Regression analysis was employed to model the experimental results and
a quadratic model was established to study the effects of selected variables on the biodiesel yield. Response surface technique
was used to determine the optimal parameters for the transesterification process (RSM). An optimum yield of 96.6% at 6:1
methanol to oil molar ratio, 0.5 weight percentage of catalyst concentration and 3 h of time for reaction was obtained from
the developed RSM model and the optimized conditions were validated with experimental results. Finally, the quality of the
produced biodiesel was assessed by determining its properties and met with ASTM D6751 standards.
© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

The rapid exhaustion of fossil fuels, the hikes in world raw oil prices and the increased environmental problems
have been led to exploration of substitute fuels derived from renewable feed stocks [1–14]. Biodiesel is specified
as fatty acid methyl ester comprises of mono alkyl esters of fatty acids has recently turned on to alternate source
of fossil fuel that can be utilized as an environmental friendly fuel in diesel engines. It has non-toxic eco-friendly
characteristics [15,16]. Biodiesel can be obtained from various types of vegetable oils (whether they are edible or
not) and animal fats. In recent times, the preference is given to biodiesel obtained from non-edible oils, such as
jatrophacurcas oil, pongamia pinnata L. oil, calophyllum inophyllum, waste cooking oil and many others, which
solve the food vs fuel conflict problems [17–20]. Now the research is concentrated on to identify the feasibility
and practicability of producing biodiesel from tree-borne oils which considered as a promising biodiesel sources.
The most frequently used tree-borne oils are the vetianeriifolia Juss Oil [21], Citrus limetta seed oil [22], Cannabis
sativa oil [23], Ailanthus excelsa seed oil [24] and bitter almond [25]. Transesterification has been reported as a well-
established method employed in production of biodiesel at any scale. In this method, the following chemical reaction
occurs: the vegetable oil (triglycerides) reacts with alcohol (methanol or ethanol) to form a glycerol and esters. This
reaction is generally performed using a base catalysts, such as potassium hydroxide or sodium hydroxide (KOH or
NaOH), and methyl alcohol due to their low costs, less concentrations, effectiveness and lower heat requirements in
the chemical reaction [26,27]. The productivity of biodiesel through transesterification process depends on several
variables which include oil to time for reaction, alcohol molar ratio, temperature of reaction, concentration and type
of catalyst, and stirring speed [28]. Response Surface Methodology (RSM) technique has been used to investigate
and optimize the biodiesel manufacturing process while taking into account numerous process factors for various
types of oils. [29–31]. In addition, Box–Behnken approach has been previously proposed as an efficient RSM design
approach to optimize the production process of biodiesel [32–34].

In this study, a production methodology of biodiesel from P. dulce seed oil is proposed using transesterification
method. The optimal process variables were determined via optimizing the reaction process. The influence of process
factors such as concentration of catalyst, time of reaction and molar ratio on biodiesel yield was investigated. Finally,
the quality of the P. dulce methyl esters was assessed.

2. Materials and methods

The used seeds were collected from P. dulce fruits which planted in different regions of India during
February–May season. Methanol and sodium hydroxide (NaOH) were commercially purchased from local scientific
shops.

2.1. Extraction of oil

The collected P. dulce seeds were subjected to screening process to get rid of the rotten seeds, stones and mud.
Then, the screened seeds were washed using freshwater. The washed seeds were dried using solar radiation for
seven days. Then, the hulls of the dried seeds were removed. After that, the bare seeds were crushed using an
electric grinder and oil is extracted according to the solvent extraction method reported by Leila et al. [35].

2.2. Preparation of biodiesel from P.dulce seed oil

In a laboratory-scale batch reactor, seed oil transesterification was performed at various molar ratios (oil to
methanol), catalyst concentrations, and reaction durations. Table 1 lists the levels of the process factors. Following
the completion of the reaction, the technique for biodiesel processing was adapted from Omkaresh et al. [32].
The Eq. (1) was used to determine the biodiesel yield.

Biodiesel yield(%) =
mass of biodiesel produced

mass of raw oil taken for reaction
× 100 (1)
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Table 1. Range of process variables for Box–Behnken design.

Factor Name Units Low Medium High

A [Numeric] Molar ratio mol/mol 1:3 1:6 1:9
B [Numeric] Catalyst concentration %wt 0.3 0.5 0.7
C [Numeric] Reaction time h 2 3 4

Table 2. Box–Behnken experimental design matrix layout.

Experiment run
No.

Molar ratio
(mol/mol)

Catalyst
concentration (%wt)

Reaction time
(h)

Yield of Methyl
ester, (wt%)
Y

1 6 0.5 3 97.5
2 6 0.3 2 83.0
3 3 0.3 3 64.0
4 6 0.5 3 95.5
5 3 0.7 3 61.5
6 6 0.7 2 79.3
7 6 0.5 3 96.4
8 9 0.5 4 78.1
9 9 0.5 2 79.3
10 3 0.5 2 65.5
11 3 0.5 4 64.9
12 6 0.5 3 96.0
13 6 0.7 4 80.0
14 6 0.5 3 95.8
15 6 0.3 4 81.0
16 9 0.3 3 76.0
17 9 0.7 3 77.5

2.3. Experimentation

Using the Box–Behnken design with RSM, the impacts of three process factors on the transesterification process
on the yield of P. dulce seed oil methyl esters were investigated. A three factorial design consisting of three levels
was developed. The design variables were: oil to methanol molar ratio, concentration of catalyst and reaction time,
while the yield of biodiesel (Y, %) was considered as process response. The experimental range and investigated
levels of the operating parameters are shown in Table 1. The design matrix is presented in Table 2, which contains
seventeen experimental runs, which include five central points, six axial and six factorial points of the design. The
experiments were carried out as per the design matrix and the resulted response values are shown in Table 2.

The results of the experiment runs were statistically analyzed using response surface regression, and using a
Design-Expert software 10.0.3 a best second order equation is developed to determine the correlation between
operating parameters (independent variables) and response variable. The polynomial equation is shown as Eq. (2).

Y = µ0 ±

m∑
i−1

µi X i ±

m∑
i=1

µi i X2
i ±

m−1∑
i=1

m∑
j=i+1

µi j X i X j (2)

where, Y = the process response (methyl ester yield), µ0 = model constant, µi = coefficients of first order terms,
µii = coefficients of quadratic terms, µij = coefficients of interaction terms, Xi, and Xj are independent variables.

3. Results and discussion

In this work, chemical characterization of extracted oil was also carried out before base catalyzed transesterifica-
tion process. The P. dulce seed oil has acid value of 3 wt% and FFA value of 1.5 wt%. Oil pretreatment is mandatory
in case of using high FFA percentage (more than 2.5 wt%) to reduce the content of FFA [36]. Therefore, in the
present study the value of FFA percentage was maintained lower than 2.5 wt% to avoid pretreatment processes on
the extracted oil prior to transesterification process. The saponification value and iodine value of Pithecellobium
dulce seed oil are 175.4 mg/KOH g of oil and 83.9 g I2/100 g of oil respectively.
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