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Optimisation Of The Production Parameters Of
Delonix Regia Methyl Ester Using Box- Behnken
Design
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Abstract: The optimisation of the production parameters of Delonix regia ester was carried out with the view to establish the parameters for the
production of optimum methyl ester yield from Delonix regia seed oil. The effects of reaction temperature, reaction time, alcohol: oil molar ratio and
catalyst concentration as well as it interaction effects on the yield of methyl ester was investigated using the response surface methodology Box-
behnken design. Data obtained were analyzed statistically using Design expect 9.0 statistical package to determine the response model, surface
respond analysis of variance (ANOVA). The data collected from optimization of the reaction process was fitted to model. The results showed that the
percentage yield in term of reaction temperature, time, molar ratio, concentration and interaction terms of reaction temperature and reaction time were
significant (p = 0.05) while the lack of fit F-value for the Delonix regia methyl ester yield response showed that it was not significant (p < 0.05) relative to
the pure error. This indicates that all the models predicted for methyl ester yield response were adequate. Regression models for data on response
methyl ester yield were significant (p < 0.05) with satisfactory R? value of 0.829. The boundaries of the design intergalactic of methy! ester yield have the
lowest value at 72 % within the process range of 40 °C to 56 °C for Temperature, 30 to 53 minutes for Reaction time, for all production processes while
the highest of 90.21 % with the process boundary range of 55 to 60 °C for A: Temperature, 40 to 60 minutes reaction time. The optimization solution
gave the process conditions for each process factors at the highest desirability prediction of 0.642 as best reaction temperature of 53.20°C and the
reaction time of 60 minutes, alcohol: oil molar ratio of 2:1 and catalyst concentration of 0.69% when the set goal is based on the physic-thermal
properties of produced methyl ester.
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1.0 INTRODUCTION Liquid biofuels are potential and important replacement for

the fossil fuel; the major biofuels are bioethanol and biodiesel
The problem of continuous fossil fuel depletion and

[12]. Biofuel are none polluting, environmentally friendly,
environmental pollution is of great concern all over the world

locally available sustainable and security of continuous supply
[1], [2], [3], [4]. The excessive use of fossil fuel globally has

and many benefits for the economy and consumers [12], [13],

resulted in environmental degradation such as the green
, , .19 [14] [15].

house effect, ozone layer depletion, climate change, acid rain

Biodiesel is considered as relevant technology for developing
among others [5], [6], [1]. The possible solution to this

and industrialised countries [16], [17]. It has been reported
worldwide petroleum problem is the use of biodegradable

that biodiesel is far more soluble than petroleum diesel
product. A lot of research has been carried out to produce

enabling marine animal to survive higher concentration than
environmentally friendly alternative sources of energy to

petroleum fuel if spill occurs [18], [19]. Biodiesel results in
replace the fossil fuel [7], [8], [9], [10]. Biofuels produced from

lower emission of most pollutants relative to diesel [20]. The
food crops and seed oil that can be used as an alternative to

various products of vegetable oil and its mixtures with diesel
fossil fuel has been reported. Biofuels are solid, liquid or

have been used as alternative for fossil fuel [15], [16]. It has
gaseous fuel produced from biorenewable feedstock [8], [11].

been reported that for vegetable oils or its mixture used, there

is the need to modify the engine due to its unsuitable
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esterification [19]. Esterification process is carried out when oil
has high FFA; the process is done by the use of acid catalyst
and alcohol with the aid of vacuum distillation and stirring
over a period of time in a reactor [20]. Transesterification
process is the process of producing ester, by using alkaline
catalyst and alcohol for the reaction process. Production of
ester requires good separation techniques during production
process in order to prevent chemical bond chain brake, the
process separate glycerol and ester. Ester separation can
simply be done by the use of separating funnel [21], [22].
However, the use of vegetable oil for the production of
biodiesel has not economical due to the high competition for
its use for human consumption and cost of production, hence
the need to use non edible oil. In an attempt to reduce the cost
of biodiesel, various researches has been carried out using
seed oil such as jatropha, coconut, bitter almond, palm oil,
soybean, citrus seed, peanut, Delonix regia etc [16], [18], [20],
[22], [23], [24], [25], [26], [27], [28], [29], [30]. The factors that
influence the yield of biodiesel are the catalyst concentration,
alcohol: oil molar ratio, reaction temperature and time. Hence
the aim of this work is to optimise the reaction process in the
production of biodiesel from Delonix regia seed oil with a view
to increase desirable quality biodiesel yield.

2.0 MATERIALS AND METHODS

The Delonix regia seed oil was filtered using a cartilage filter to
remove debris and the oil was heated at 100°C for lhour in
order to remove any water molecules. The oil was then cooled
and stored in sealed plastic bottles until required. The
esterification process was carried out using two litre (2L) of
Delonix regia oil which was measured and transfer into a
beaker. Five hundred millimetre of (500 ml) methanol and ten
millilitre (10ml) (5 % v/v) sulphuric acid were measured and
mixed in a beaker. The temperature of the oil was raised to
55°C via hot plate after which the methanol-acid mixture was
added. Mechanical stirrer set at 300 rpm was inserted into the
beaker containing the mixture and the reaction temperature
was maintained at 50°C. After 30 minutes of reaction time, the

product was poured into a separating funnel and allowed to
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settle for 12 hours after which two separate layers were
obtained [19], [20], [28]. Separation and washing of the top
layer was done with warm water. The process was repeated
for all the oil samples. Transesterification of esterified Delonix
regia seed oil was conceded with methanol in the presence of
catalyst (KOH) [24], [25], [29], [22]. Reactions were conducted
in batches at different Temperature, Time, Alcohol: Oil molar
ratio and Catalyst Concentration based on the experimental
design matrix (Table 1).
Table 1. Experimental design for the optimization of the

Transesterification reaction process for biodiesel production

Runs A B C D
1 60 45 5 1.00
2 60 45 8 0.75
3 60 45 5 0.50
4 50 45 2 0.50
5 50 45 5 0.75
6 40 60 5 0.75
7 50 60 2 0.75
8 40 45 8 0.75
9 60 30 5 0.75

10 50 45 5 0.75
11 50 45 5 0.75
12 50 45 8 0.50
13 50 45 5 0.75
14 40 45 5 1.00
15 50 45 5 0.75
16 50 60 5 0.50
17 50 30 8 0.75
18 40 30 5 0.75
19 50 30 2 0.75
20 50 30 5 1.00
21 50 60 8 0.75
22 40 45 5 0.50
23 50 45 2 1.00
24 50 30 5 0.50
25 60 60 5 0.75
26 40 45 2 0.75
27 50 60 5 1.00
28 60 45 2 0.75
29 50 45 8 1.00
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Where:

A= Factor 1: Temperature (°C)

B = Factor 2: Time (Minutes)

C = Factor 3: Alcohol:oil (Molar ratio)

F = Factor 4: catalyst concentraion (%)

This mixture was poured into the reactor and placed on an
electric mixer and mechanical stirrer. The stirring speed was
maintained at 300rpm. After the reaction process the contents
were allowed to cool at ambient air condition. This reactant
was then poured into a separating funnel and separation was
allowed to take place under gravity for 12hours. The Delonix
regia methyl ester which is the biodiesel was found floating on
top while the denser glycerine, excess alcohol, catalyst,
impurities and traces of un-reacted oils settled at the bottom of
the funnel. All experiments were carried out using the
response surface methodology, Box-behnken experimental
design. Data obtained were analyzed statistically using Design
expect 9.0 statistical package to determine the response model,
surface respond analysis of variance (ANOVA). The data
collected from optimization of the reaction process was fitted
to model. Developed model from the factor interaction and
model validation was analysed. In establishing a model for a
particular process, Y = Pot+Bx1+ Pxz + Bxix + PxaZt Bxo2 + B x12x2
+ Bxixo? + Pxi® + PxB+ £. The validity of that model in
predicting the output of a process is essential as its relevance
depends to a large extent on its accuracy. In this study, the
validity of Response Surface Methodology (RSM) as a
modelling and optimization tool is determined by developing
linear, two factor interactions, quadratic, cubic models to show
a model that best fit the experimental result by conducting
robustness test using R-square value (R?), Adjustable R-
square, Root Mean Square Error, Predicted R-square value,
Adequate Precision, Predicted Residual Sum Square (PRESS)

and Coefficient of Variation %.

3.0 RESULTS AND DISCUSSION

The results of the percentage methyl ester yield from Delonix

regia seed oil as influenced by the processing parameters of
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temperature, time, alcohol:oil molar ratio and catalyst
concentration are as presened in Table 2. The highest yield of
methyl ester yield of 90.21% was obtained when produced at
50°C, 60minutes, 8:1 alcohol:oil molar ratio and 0.75% catalyst
concentration while the lowest yield of 72.30% was obtained at
50°C, 45 minutes, 2:1 alcohol:oil molar ratio and 1.00% catalyst
concentration.
Table 2: Delonnix regia Methyl ester yield as influenced by

production parameters

Runs A B C D %yield
1 60 45 5:1 1.00 73.80
2 60 45 8:1 0.75 82.00
3 60 45 5:1 0.50 78.00
4 50 45 2:1 0.50 76.91
5 50 45 5:1 0.75 78.54
6 40 60 5:1 0.75 82.00
7 50 60 2:1 0.75 80.40
8 40 45 8:1 0.75 74.31
9 60 30 5:1 0.75 84.00

10 50 45 5:1 0.75 78.00
11 50 45 5:1 0.75 83.40
12 50 45 8:1 0.5 81.00
13 50 45 5:1 0.75 78.80
14 40 45 5:1 1.00 72.00
15 50 45 5:1 0.75 77.90
16 50 60 5:1 0.50 86.30
17 50 30 8:1 0.75 78.00
18 40 30 5:1 0.75 72.81
19 50 30 2:1 0.75 74.00
20 50 30 5:1 1.00 76.90
21 50 60 8:1 0.75 90.21
22 40 45 5:1 0.50 74.80
23 50 45 2:1 1.00 72.30
24 50 30 5:1 0.50 75.00
25 60 60 5:1 0.75 89.20
26 40 45 2:1 0.75 72.50
27 50 60 5:1 1.00 87.20
28 60 45 2:1 0.75 84.13
29 50 45 8:1 1.00 79.38
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Where:

A= Factor 1: Temperature (°C)

B = Factor 2: Time (Minutes)

C = Factor 3: Alcohol:oil (Molar ratio)

F = Factor 4: catalyst concentraion (%)

The quadratic regression coefficient was obtained by engaging
a least squares method technique to predict quadratic
polynomial models for the Delonix regia methyl ester
percentage yield (%). The yield% process term of reaction
temperature, time, molar ratio, concentration and interaction
terms of reaction temperature and reaction time were
significant (p < 0.05) while the lack of fit F-value for the
Delonix regia methyl ester yield response showed that it was
not significant (p < 0.05) relative to the pure error. This
indicates that all the models predicted for the Y response were
adequate. Regression models for data on response methyl
ester yield were significant (p < 0.05) with satisfactory R? value
of 0.829, however, the model was significant. The Response
Surface Methodology (RSM) was carried out using the Box-
behnken design. The Box-behnken design is one of the best
ways of evaluating the relationships between responses,
variables and interactions that exist by duplicating for every
combination of categorical factor levels. The relationships
between independent and dependent variables are shown in
the three-dimensional-representation as response surfaces
Figure 1 and in a contour plot Figure 2, curves of equal
response values are drawn on a plane whose coordinates
represent the levels of the independent factors. Each contour
represents a specific value for the height of the surface above
the plane defined for combination of the levels of the factors.
Therefore, different surface height values enable one to focus
attention on the levels of the factors at which changes in the
surface height occur in the experiment. The variable response
based on the Response Surface Quadratic Model terms that are
statistically significant are as plotted in Figure 1. The plot
shows interaction A: Temperature, B: Reaction time, while
holding Oil-Alcohol molar ratio at 51 and Catalyst
concentration at a constant level of 0.75%. The boundaries of

the design intergalactic of methyl ester yield have the lowest
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value at 72 % within the process range of 40 °C to 56 °C for A:
Temperature, 30 to 53 minutes for B: Reaction time, for all
production processes while the highest Delonix regia methyl
ester produced at 90.21 % with the process boundary range of
55 to 60 °C for A: Temperature, 40 to 60 minutes reaction time
(Figure 2). The other factors of interaction showed lower
Delonix regia methyl ester yield responds boundary plots
Figures 3 to Figure7 except the factor interaction of time and
alcohol:oil (molar ratio) (Figure 5) which showed the
boundary to achieve high yield of Delonix ragia methyl ester
yield at 52.50 to 60 minutes reaction time with molar ratio of

5:1 to 6:1 which is similar to previous studies carried out on

some non-edible seed oil [19], [22], [28], [29].
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ISSN 2277-8616

DesieExerd Saae

vield

C: Alcahotail

D: Catalyst Concentration
Figure 6: 3-D response surface plot of alcohol: oil (molar ratio)
and catalyst concentration effect on Delonix regia methyl

ester yield.

DesighSpe Sevre

yed

1125 Tme
X2=10 Catelys Concefeziion

Actu Farirs
A Tempety
C: Aabalol =510

yield

B: Time

D: Catalyst Concntration

Figure 7: 3-D response surface plot of time and catalyst
concentration alcohol: oil (molar ratio) effect on Delonix regia
methyl ester yield.

Optimization process

Numerical Optimization analysis carried out on the produced
Delonix regia biodiesel by setting goals on the investigated
physic-thermal properties of the produced based on the
experimental design matrix of the Delonix regia methyl ester.
The desirable qualities of biodiesel include minimum value of
moisture content, pour point, cloud point and viscosity
(kinematic and dynamic) with maximum values of methyl
ester yield, density, smoke and flash point; hence the best set
objectives of each these parameters (maximum, minimum and
within range) of Delonix regia methyl ester was investigated
and the responses are as presented in the overlay plot in
Figure 8. The optimization best four solution give the process
conditions for each process factors at the desirability
prediction values, the selected condition with reference to the
highest desirability prediction of 0.642, (Table 3) revealed the
best reaction temperature of 53.20°C and the reaction time of
60 minutes, alcohol: oil molar ratio of 2:1 and catalyst
concentration of 0.69%.
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Table 3: Numerical Optimization Desirability solution for

Delonix regia biodiesel

S/No A B C D  Desirability
1. 5320 60.00 2.00 0.69 0.642
2. 5374 5996 200 0.70 0.641
3. 5217 60.00 2.00 0.68 0.641
4. 5220 60.00 2.00 0.67 0.640
Where:

ISSN 2277-8616

B = Factor 2: Time (Minutes)

C = Factor 3: Alcohol:oil (Molar ratio)

F = Factor 4: catalyst concentraion (%)

The boundary for maximum yield of Delonix regia biodiesel
when considering two interaction molar ratios 5:1 to 6:1 and
set goal based on the physicochemical properties of produced
methyl ester. This study gives more realistic conditions for the
production of methyl ester from Delonix regia seed oil not only

in terms of yield but also terms of desirable physic-thermal

A= Factor 1: Temperature (oC) qualities.
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Figure 8: Graphical ovelay plot of set goal for optimization process.

Conclusion

It is concluded that Delonix regia methyl ester with the highest
desirability prediction of 0.642 in terms of minimum moisture
content, cloud point, pour point and viscosity with maximum
yield of 84.50% can be produced at 53.20°C reaction
temperature, 60 minutes 2:1 alcohol: oil molar ratio and 0.69%

catalyst concentration.
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