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Abstract This investigation presents the conversion of moringa seed bio-oil to
biodiesel through two-stage transesterification process. Acid and base-catalyzed
transesterification procedure was implemented due to higher content of free fatty
acid. The transesterification process was optimized through reaction duration, cata-
lyst concentration of KOH, molar ratio (methanol to oil) as the conditions for the
change of mono-alkyl triglycerides to FAMEs. Optimization was carried out using
response surface methodology to understand its behavior on assessing the synergetic
effect between the process parameters and to attain the optimum Moringa olifera
biodiesel yield. The response surface methodology tool predicted the optimum yield
of biodiesel as 97.67% at reaction time of 66.4759 min, catalyst concentration of KOH
1.0599 gms, and molar ratio 0.2713 v/v which was also validated experimentally.
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1 Introduction

Biodiesel started receiving prominent attention worldwide due to its similarities
with diesel and fuel. It performs fossil fuels by its renewable, excellent lubricity,
non-toxic, and effectively free from sulfur and aromatics. It is a completely eco-
friendly which can be properly utilized in current engines without any modification
of current technology. Vegetable oils and different food oils that are additional in
preparation or in food things are known as edible oils [1]. Edible oils are saturated,
monosaturated, and polysaturated. Saturated oils are solid at temperature. Margarine
that is formed oil contains unsaturated fat not good for health. Monosaturated oils
are liquids at temperature. Polysaturated oils stay liquid at temperature or maybe
once chilled. Non-edible oils are the other oils that cannot be additional in food, like
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engine lubricants, oils, and grease. A large range of plants manufacture non-edible
oils like neem, rubber seed, biofuel, etc.

Biodiesel production from moringa seeds was not carried out and utilized by
many researchers. Moringa is a monogeneric family with a solitary variety, i.e.,
moringa consisting within the family of eleven species which are widely known as,
water purification nutritional, medicinal, and water decontamination agent. Biodiesel
was extracted from crude Moringa olifera seed oil, and it perfectly blends with the
diesel [2]. Moringa oil extracts from seeds generally contain 48—-55% of oil, and it is
clearly observed that it has very high output while compared to most other commonly
used oil crops (sunflower: 30-45% (w/w), soya bean: 17-26% (w/w), palm: 45—
65% (w/w), and rapeseed: 38—-46% (w/w). By the transesterification reaction, crude
bio-oil was converted into biodiesel further catalyzed by potassium hydroxide. The
transesterification was generally done by utilizing essential primary and secondary
alcohol. Methanol is most utilized alcohol because it is available in low cost and its
polar nature. High ester content was obtained that is 97% with mixture combined of
NaOH concentration 4 gms (0.17-0.33) wt%, reaction temperature (60 °C), and time
(30-60 min), and molar ratio (methanol to oil) (0.17-0.33), 97.4% of conversion was
reached under the optimal conditions (0.46—1.3 wt%)catalyst, 3:1 ester oil, 60 °C,
and 60 min. Moringa even displayed high oxidative stability. Also, the highly used
fuel properties of moringa biodiesel conformed to the ASTM D6751 benchmark.
Density is 875.2 kg/m?, and flash point is 157.5 °C. The kinematic viscosity (4.6758
mm?/s) were found to be higher than that of diesel, and also the calorific value of the
moringa oil was lower than that of biodiesel, i.e., (40.119 M/kg) [3].

Optimization process was done through using soft computing tools which reduces
the cost and time. Modeling, DOE, and optimization are the applications of response
surface methodology. Few researches established relationship and linear regression to
produce transesterification process. By CCRD using different parameters to produce
biodiesel with RSM parameters, methanol to reaction temperature is 60 °C, molar
ratio (methanol to oil) 0.2713 v/v, and KOH catalyst concentration was 1.0599 g/g.
Researchers explained that response surface methodology is slightly better to arti-
ficial neural network (ANN) and adaptive network-based fuzzy inference system
(ANFIS).

Betiku et al. [4], selected the ANN, ANFIS, and RSM methodology for predicting
the substantial yield, which represented the employment of the significant yield of
the PKOB by developing a CCRD design using independent parameters that included
the reaction duration, KOH catalyst concentration, and molar ratio (methanol to oil).
RSM optimization tool and geometric algorithm were coupled to examine the poten-
tiality of input variables parameters. The highest value of the palm kernel oil biodiesel
(PKOB) yield was predicted as 99.5% by the ANFIS-GA. Mofijur et al. [5], detailed
the cultivation of M. oleifera which was a subtropical and tropical crop in world
and was commonly called as drum sticks containing of 8 to 12 seeds. Venkatesan
et al. [6], have explained the extraction of grape seed oil from grape seed with using
cold pressing with a Soxhlet apparatus. The single-stage transesterification process
was carried out using molar ratio (methanol to oil), KOH catalyst concentration, and
reaction time when the FFA content was required to be 1.47%. The predicted yield
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was appraised with respect to the response surface methodology in accordance with
CCRD. The escalated yield of the biodiesel was determined as 97.62% from the
reaction time at 66.6 min, catalyst concentration of KOH at 1.0458 of NaOH, and
the molar ratio at 0.2758 v/v. Salaheldeen et al. [7], discussed on the transformation
of crude Moringa peregrina oil to methyl radical organic compound, and also the
purity of the produced biodiesel was studied by the Fourier transform infrared spec-
trometry (FTIR) chemical analysis. The complete FTIR spectrum of M. peregrina
methyl radical organic compound obtained for this study in the analogous spectra
was compared with palm and soybean methyl radical esters, indicating that crude M.
peregrina seed oil could be a new feedstock having potential for biodiesel produc-
tion. High organic compound content (97.79%) was seen along with 4.6758 mm?/s
as kinematic viscosity, 876.2 kg/m? as density and 156.5 °C as flash point at optimal
range. Hariram et al. [8], derived the biodiesel from grape seed and characterized
it through gas chromatography and mass spectrometry analysis (GCMS) to classify
and perceive the varied carboxylic acid alkyl organic compound in grape biodiesel.
Anwar et al. [9], found the M. olifera methyl ester (MOME) yield 93.34%, deter-
mined when the process parameters were methanol-to-oil molar ratio (6.4:1), catalyst
concentration of KOH (0.80%), and reaction time 7 min at a reaction temperature
55 °C which was developed by RSM CCRD.

The core objective of the study is to present the use of moringa biodiesel as the
potential source of biodiesel fuel. The properties of moringa seed oil, moringa seed
biodiesel, and mineral diesel are determined and compared with each other.

2 Materials and Methods

Moringa seeds are supplied by Krishna suppliers. The seeds contained moisture
content at around 20%. Methanol, potassium hydroxide (KOH), and borosilicate’s
equipment were purchased from Sadhagur Biological and Chemicals, Chennai.

2.1 Oil Extraction

The seeds were cleaned to remove adhered wood particles, sand, stone, and unwanted
materials and stored in plastic container under room temperature at 30 °C before
starting extraction process. Moringa seeds are crushed by using grinder and cuts up
to size of 2 mm. M. oleifera seeds were placed in machine extractor. A cotton cloth
was used to hold the test sample. The extractor was equipped with two liters round
bottomed condenser and flask. The process was carried out using n-hexane. Solvent
was recovered by using a rotating evaporator after 6 h after extraction time at 40 °C
under vacuum. 43.2% of oil was extracted from seeds by this process. The acid value
and ash content of crude bio-oil was found to be 2.9 and 5.6-7.5%, respectively,
which directed the two-stage transesterification process to be followed [10].
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2.2 Transesterification

Conversion of M. oleifera bio-oil to biodiesel was initiated as two-step transesterifi-
cation process. The acid value was brought down to less than 1.7% after the primary
acid esterification. Further, base-catalyzed transesterification process was carried
out using methanol and potassium hydroxide. Methanol is being the most preferred
solvent because of its availability in low cost and polar nature. Reaction process was
initiated in a batch reactor which consisted of a 2 L glass jacket reactor connected
with condenser and a water bath which controls the reaction environment and the
temperature of the process. 0.600 L of bio-o0il was placed in reactor and heated up
to 60 °C. Thorough mixing of 5.266 g KOH in 0.152 L laboratory-grade methanol
resulted in the formation of potassium methoxide solution. The resultant solution
poured into reactor attained 60 °C temperature. Reaction mixture is a combination
of 0.26 v/v methanol to molar ratio and 0.9 g of catalyst as mentioned in Eq. 1. The
reaction process was maintained at 450 rpm agitation speed for the entire 60 min
duration for enhanced catalytic reaction. Then, the reaction mixture was transferred
to separating funnel where two layers will be formed after a settling period of 12 h.
The above layer consisted of M. olifera biodiesel and the lower layer with glycerol
[11-13]. The biodiesel was removed carefully and washed with double distilled water
thoroughly to remove the impurities. The biodiesel was further dried with sodium
sulfate to remove remaining of moisture (Fig. 1).

Weight of Moringa biodiesel produced

MSBD yield =

x 100 (1)

Weight of esterified Moringa bio — oil used

Fig.1 Moringa bio-oil,
biodiesel, and mineral diesel
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2.3 Experimental Design and RSM Model

Three pertinent process input variables (molar ratio, reaction time catalyst concen-
tration of KOH) which were recognized to influence the biodiesel formation through
the base-catalyzed transesterification reaction are examined using response surface
methodology (RSM). The ranges of the input variables investigated were rigorously
chosen with the support of preliminary studies as mentioned, methanol-to-M. olifera
bio-oil molar ratio quantitative relation (0.17-0.33 v/v), KOH catalyst concentration
(0.46-1.36 g/g), and the reaction time (30—90 min). The three variables were assessed
at high (+1), medium (0), and low (—1) levels to assess the response display. The
central rotable composite design created a complete of twenty experimental corre-
lation which could affect the transesterification process significantly [14—17]. The
second-order mathematical relation linked the response to the experimental vari-
able parameters to grease the molar quantitative relation, catalyst concentration of
KOH, and reaction length terms of the experimental values is set in equation. A
multivariate approach-based CCRD experimental design was used to enhance the
transesterification method and RSM model as mentioned in Eq. 2.

Y = by + b1 X1 + brXo + b3 X3 + b1 XT + bn X3
+ b33 X3 +baX1 X2 + b3 X1 X5 + b3 X2 X3 ()

where “Y” indicate the yield of the biodiesel interns of the methanol-to-oil molar
quantitative relation, x|, x», x3 were freelance variables, by, b,y, b3z were evoked
as the quadratic coefficients, catalyst concentration of KOH, and reaction period,
bo, by, by, by were linear coefficients, and by,, by3, byz were indicative interactive
coefficients.

Experimentally, catalyst concentration of KOH and methanol oil-to-molar ratio
as 0.26 v/v and 0.9 w/g, respectively, with the reaction time of 60 min resulted
in producing maximum yield of Moringa oleifera biodiesel as 97.51% which was
presented in comparison with the predicted yield of the biodiesel developed by the
RSM in Table 1. The predicted RSM yield was noticed to be 97.2551% with the
error of 0.2548%, and this was in correlation with the second-degree polynomial
mathematical equation used to develop the RSM model. The predicted RSM yield
and the experimental yield of M. olifera biodiesel was tabulated in Table 1. The
effectiveness of the developed model was evaluated with the help of lack of fit using
the center points along with estimating the pure error. Response variable and their
interactions were assessed by analysis of variance (ANNOVA) which evaluates the
quality of the fitted model. Statistical parameters such as R?, R, Adjusted R?, SEP,
MRPD, MSE, RMSE, and MAE were used to evaluate the model which are given
in following from Eq.(2) to (10). The evaluated parametric value includes R?, R,
Adjusted R%, SEP, MRPD, MSE, RMSE, and MAE values which were found to be
closer to zero.
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Table 1 RSM predicted and experimental biodiesel yield

V. Hariram et al.

S. No. | Catalyst Reaction time | Methanol-to-oil | Predicted RSM | Experimental
concentration | (min) molar ratio (v/v) | yield (%) biodiesel yield
of KOH (w/g) (%)

1 0.46 90 0.17 90.0481 90.12

1

2 0.9 60 0.1154566 93.6244 93.94

3 1.656807 60 0.26 93.7735 93.66

4 0.9 60 0.3845434 95.8341 95.81

5 0.9 60 0.26 97.2551 97.28

6 0.143193 60 0.26 89.0913 89.55

7 0.9 60 0.26 97.2551 97.51

8 0.9 110.453 0.26 92.4167 92.40

9 0.46 90 0.33 91.8586 91.54

10 0.9 60 0.26 97.2551 97.42

11 0.9 60 0.26 97.2551 96.86

12 0.9 9.546 0.26 89.9393 90.28

13 1.36 30 0.33 92.5083 92.31

14 1.36 30 0.17 91.7296 91.97

15 0.46 30 0.17 89.3612 88.82

16 0.46 30 0.33 91.8792 91.90

17 1.35 90 0.33 94.8665 95.44

18 0.9 60 0.26 97.2551 97.27

19 1.36 90 0.17 94.8385 94.65

20 0.9 60 0.26 97.2551 97.42

R = Z?:l (yp,i - yp,ave) (ye,i - ye,ave) ) (3)
\/Z?:l(yp,i - yp,ave)2 * Zzzl(ye,i - ye,ave)2
Yo (e = 3p1)°
R =1 — =l T 0i) @)
anl (yp,i - ye,ave)
: 2 2 n—1
Adjusted R“ =1 — [(1 —R ) * —] (®)]
n—k—1
1 2
MSE = =3 (ypi = Yei) - 6)
n=I1
1 n
RMSE = | =3 (vp.i = yes) (7)
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n

1
MAE = = Y |yes — vy, 8
. ;w i~ Ipil ®)
RMSE
SEP — %100, )
Ye,ave
1 " el i
MRPD = - 3" Pyei =il 0. (10)
n Ve,i
n=l1 ’

where y,, ; and y, ... represent the predicted yield by average of predicted yield by
RSM and RSM. y, ; and y, .ve represent the experimental yield, average experimental
yield, “n” and “k” are the number of runs and number of factors, respectively.

2.4 Moringa Seed Oil Esterification—RSM Approach

The functional RSM model values was used to optimize the yield of M. olifera
biodiesel. Predicted RSM yield of 97.834% is at methanol-to-molar ratio 0.26%
(v/v), catalyst concentration of KOH 0.9 g of KOH at reaction time 60 min as shown
in Fig. 2. This was compared, and with the RSM predicted biodiesel, yield is with
an error 0.1% with the yield as 97.5%. A central composite rotable design (CCRD)
was used to execute the experimental trials of three factor fire level approach and
the input variable with the codes to five levels. Biodiesel which is produced from
Moringa oleifera through transesterification reaction is optimized by the various
parameters such as catalyst ratio, reaction duration, and methanol-to-bio-oil molar
ratio. To achieve the optimal yield of M. olifera biodiesel yield, transesterifica-
tion method was carried out with a wide range of variable composition of catalyst
concentration of KOH, methanol-to-bio-oil molar ratio, and reaction time, whereas
the reaction temperature and blending intensity were kept constant. Transesterifica-
tion process was initiated with 100 ml of M. olifera oil with the tolerable reaction
time (30, 60, 90 min), catalyst concentration of KOH (0.14319, 0.46, 0.9, 1.36, and
1.656807), methanol-to-oil molar ratio (0.1154566, 0.17, 0.26, 0.33, and 0.384543),
and rotational agitation speed (600—700 rpm). The above said multivariate approach
in designing the CCRD design can be seen from Eq. 10.

Y = 64.00962 + 91.37737X; + 21.84133X,
+ 0.289820X; — 12.07738X7 — 0.073693X3

+ 0.044853X§ — 135.74800X, X»
—10.16610X; X3 — 0.002987 X, X3 an
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Fig. 2 Influence of catalyst concentration of KOH and methanol-to-molar ratio at different
methanol-to-oil molar ratio

3 Results and Discussion

The yield of M. olifera biodiesel was influenced by upon reaction duration, methanol-
to-bio-oil molar ratio, and catalyst concentration. The optimum yield 97.51% was
observed when the methanol to oil ratio was 0.26 v/v. When molar ratio was increased
from 0.17 to 0.26, the biodiesel yield was also escalated, but on the other hand, with
a reduction in molar ratio below the optimal range from 0.26 to 0.33, a marginal
decline in M. olifera biodiesel yield was noticed. Further increase in the methanol
concentration increases the glycerol solubility which in turn reduced the biodiesel
which affected the glycerol solubility in the separating funnel leading to decreased
biodiesel yield. Few reports were also infer the formation of soap as a result of
methanol concentration. Similarly, the yield of biodiesel was also affected by the
catalyst concentration of KOH. The highest M. olifera biodiesel yield was noticed as
97.51% at the catalyst concentration of KOH of 0.26%. When catalyst concentration
of KOH was increased further from 0.46 to 0.9, the biodiesel yield diminished signif-
icantly especially beyond the optimal range. As a result, a soapy sludge formation
was noticed which advertently affected the transesterification reaction and resulted
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in the negative yield of M. olifera biodiesel. The reaction duration also significantly
affected the transesterification, as this provides an environment for the conversion
of mono-alkyl triglycerides into fatty acid methyl esters of M. olifera. The optimal
biodiesel yield was noticed at reaction duration 90 min as 97.51%. Further increase
in the reaction duration has not contributed to the positive biodiesel formation, but its
reduction reduced the biodiesel formation significantly. To initiate transesterification
process, in the conversion of mono-alkyl triglycerides to FAMEs, sufficient time was
given [18].

3.1 Influence of Catalyst Concentration of KOH
and Methanol-to-0il Molar Ratio

Figure 2 illustrates the effect of catalyst concentration of KOH and methanol-to-oil
molar ratio on the biodiesel yield at various reaction duration. The biodiesel yield was
significantly affected due to the change in catalyst concentration of KOH and molar
ratio as denoted in Fig. 2. Figure 2a signifies a lower catalyst concentration of KOH
(0.45 g) and the molar ratio of 0.17 v/v at reduced reaction time. With significant
increase in the reaction duration, the M. olifera biodiesel yield was notably increased
as shown in Fig. 2b with the catalyst concentration of KOH 0.9 g/g and molar ratio of
0.26 v/v. Figure 2c shows a slight diminishing surface when the catalyst concentration
of KOH was kept at 1.36 g/g and molar ratio as 0.33 v/v, and the biodiesel yield was
decreased due to increase in reaction time. The highest biodiesel yields of 97.51% was
recorded at catalyst concentration of KOH 1.0599 g/g, reaction time 66.4759 min,
and molar ratio 0.2713 v/v using the developed RSM model.

3.2 Influence of Reaction Time and Methanol-to-Bio-Qil
Molar Ratio

The biodiesel yield was significantly affected based on the variations in molar ratio
and reaction time. Figure 3a depicts the biodiesel yield of M. olifera oil at lower
reaction time 30 min and molar ratio of 0.17 v/v at reduced catalyst concentration.
Figure 3b shows the raise in the biodiesel yield at reaction time 60 min and molar
ratio of 0.26 v/v at which the KOH catalyst concentration kept at optimum condi-
tions. Figure 3¢ showed a marginal reduction in the M. olifera biodiesel yield when
reaction time 90 min and molar ratio 0.33 v/v which may be due to prolonging the
transesterification process in the same environment leading to a reversible process.
The optimal M. olifera biodiesel yields of 97.51% was predicted when the catalyst
concentration of KOH 1.0599 g/g, reaction time 66.4759 min, and molar ratio 0.2713
v/v (Table 2).
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Table 2 Independent variables and coded levels

Coded levels +a +1 0 -1 -

Catalyst conc 1.656807 1.36 0.9 0.46 0.14319
Reaction time 110.4538 90 60 30 9.54621
Molar ratio 0.384543 0.33 0.26 0.17 0.11545

3.3 Influence of Catalyst Concentration (KOH) and Reaction

Duration

The influence of reaction time and catalyst concentration of KOH with variable
methanol-to-oil molar ratio is depicted in Fig. 4. The M. olifera biodiesel yield
was notably affected upon a change in the KOH catalyst concentration and reaction
duration. Figure 4a shows the biodiesel yield at low catalyst concentration of KOH of
value 0.45 g of KOH and reaction time of 30 min where methanol-to-oil molar ratio is
lower. Figure 4b showed an escalated biodiesel yield when the catalyst concentration
of KOH was increased upto 0.9 g/g at reaction time 60 min during which molar
ratio was maintained at intermediate levels. Figure 4c describes the condition at
catalyst concentration of KOH 1.36 and reaction time of 90 min during which the
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Fig. 4 Influence of reaction time and methanol-to-bio-oil molar ratio at different KOH catalyst
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biodiesel yield was detoriated due to higher methanol concentration disturbing the
equilibrium of the transesterification reaction [19]. The optimal biodiesel yield was
predicted as 97.2551% when catalyst concentration of KOH 1.0599 g/g, reaction
time 66.4759 minm, and molar ratio 0.2713 v/v by the developed RSM model.

3.4 Optimization of Variable Parameters

Under different propertions of catalyst concentration (KOH), molar ratio, and reac-
tion time, the transestrification process was carried out to obtain the maximum
biodiesel yield. Figure Sa represents the 3D surface of reaction time of 66.4759 min
and catalyst concentration of KOH 1.0599 g/g at methonal-to-molar ratio 0.2713 v/v.
Figure 5b shows the reaction time and the molar ratio 0.2713 v/v at catalyst concenta-
tion 1.0599 g/g, and Fig. Scillustrates catalyst concentation 1.0599 g/g and methanol-

to-molar ratio 0.2713 v/v at reaction time 66.4759 min as mentioned in Table
3.
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Table 3 Comparison Parameters Values

between predicted RSM yield

value and experimental result ~ Reaction time (minutes) 66.4759
Catalyst concentration of KOH (g/g) 1.0599
Methanol-to-molar ratio (V/v) 0.2713
Experimental value validation (%) 97.5
Predicted RSM value (%) 97.67

3.5 Physiochemical Properties of M. Olifera Biodiesel

Kinematic viscosity of moringa seed oil was found to be 36.181 mm?2/s, which was nearly ten
times greater than the mineral diesel. After transesterification process, kinematic viscosity
of M. olifera biodiesel and mineral diesel are given in Table 4. Density, which is the ratio
of mass and volume, was estimated at 15 °C temperature. The value of density for moringa
seed oil, moringa seed biodiesel, and mineral diesel was 892.8 kg/m3, 875 kg/m3, and 850
kg/m3, respectively. Flash point, which is the least temperature at which liquid goes off
enough vapors to form an ignitable mixture with air was assessed for moringa seed oil as
268.5 °C. When the M. olifera biodiesel was formed due to transesterification reaction, its



Assessing the Performance of Response Surface Methodology ... 457

Table 4 Physiochemical properties of moringa seed biodiesel

S. No. |Physiochemical Units Moringa seed oil | Moringa seed | Mineral diesel
properties biodiesel

1 Kinematic viscosity | mm?2/s |36.181 4.8 3.115
at 40 °C

2 Density at 15 °C kg/m> | 892.8 875 850

3 Flash point °C 268.5 160 60

4 Cetane number - 67 60 45

5 Calorific value Ml/kg |38 40 45

flash point was brought down to 160 °C which was higher than mineral diesel [20]. The
calorific value of moringa seed oil was more when compare to other oils, due to its higher
energy content. The calorific value of moringa seed oil was found to be 39 MJ/kg, whereas
M. olifera biodiesel was estimated as 40 MJ/kg. Moringa seed biodiesel had higher cetane
value than the mineral diesel which evidenced it to be used as CI engine fuel.

4 Conclusion

In this analysis, M. olifera biodiesel was formed using processed moringa seed oil
through two-stage transesterification process. A CCRD design-based RSM model
was developed to predict the efficiency of transesterification process. RSM predicted
97.67% of biodiesel yield at 66.4759 min reaction time, 1.0599 g/g KOH catalyst
concentration, and 0.2713 v/v methanol-to-oil molar ratio. The experimental vali-
dation of the RSM prediction was also confirmed at an efficiency of 97.5%. The
physiochemical such as oxidative stability, kinematic viscosity, cetane number, and
others were estimated and compared with mineral diesel. The oxidative stability
and cetane number was higher when compared to mineral diesel. Thus, it can be
concluded that the biodiesel derived from Moringa oleifera oil can be used as a
substitute for petroleum diesel.
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