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Abstract
In this research, biodiesel was produced from low-cost resources such as Moringa oleifera seeds oil in the presence of MgO 
nanocatalyst using transesterification method. To do so, the surface characteristics of nanocatalyst were carefully assessed 
using TEM, SEM, BET, and EDX analyses. In addition, the impact of effective factors including methanol-to-oil ratio, 
catalyst concentration, temperature, and reaction time were elucidated upon the biodiesel production, and the best operating 
conditions were obtained for the highest production performance using the Taguchi method and MINITAB software. The 
optimum conditions were attained at the temperature of 45 °C, 4 h reaction time, methanol-to-oil molar ratio of 12:1, and 1 
wt% catalyst concentration. The highest biodiesel efficiency was found to be 93.69% in optimum conditions. The produced 
biodiesel was then blended with the diesel fuel in the volume ratios of 25, 50, and 75%, and their properties such as pour 
point, cloud point, flash point, viscosity and density were measured according to the EN 14214 and ASTM D6751 standards. 
The results revealed that the mixtures of the produced biodiesel and diesel fuel with the proportion of 75 and 100% were 
found to be the best volume ratio for blending.
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Introduction

As human populations grow, energy needs increase. The 
availability and the optimality of energy are among the key 
issues which directly affect the social and economic status 
of any country [1]. In fact, more than 80% of energy obtains 
from three types of fossil fuels including oil, coal, and nat-
ural gas, and about 98% is generated through the carbon 
emission from fossil fuel combustion [2]. Furthermore, the 
production and the use of fossil fuels in engines with internal 
combustion cause environmental problems such as increas-
ing the amount of carbon dioxide in the atmosphere and 

enhancing the average temperature of the earth environment 
[3]. Furthermore, the severe shortage of fossil fuels has led 
to the discovery of alternative fuels such as biodiesel [4].

Biodiesel, an alternative diesel fuel, is made from renew-
able sources such as vegetable oils and animal fats including 
sesame oil, sunflower oil, olive oil, etc., agricultural wastes, 
and small algae [5, 6]. Therefore, the cost of raw materi-
als is about 60–75% of the total cost and price of biodiesel 
production. In addition, the identification of proper material 
for the production of biodiesel in each region is the most 
important factor that should be considered according to cli-
mate conditions [7]. Biodiesel production from edible oils 
leads to a shortage of food sources and nonedible oils are 
highly regarded as the raw material to produce biodiesel [8, 
9]. In recent years, the use of low-cost sources of the plant 
for biodiesel production has been increasing. One of these 
plants is Moringa oleifera tree [10]. The plant of M. oleifera 
is an indigenous, available, and inexpensive tree.

Moringa oleifera is one of the species of the Moringaceae 
family which is found in many tropical and subtropical 
regions worldwide such as Africa, South Asia, South Amer-
ica, Himalaya region, India, Pakistan, the Pacific, and Carib-
bean Islands [10], and its seeds consist of 38–42% oil [11].

 * Hossein Esmaeili 
 esmaeili.hossein@gmail.com; 

esmaeili.hossein@iaubushehr.ac.ir

1 Department of Chemical Engineering, Bushehr Branch, 
Islamic Azad University, Bushehr, Iran

2 Department of Chemical and Petroleum Engineering, School 
of Chemical and Petroleum Engineering, Advanced Research 
Group for Gas Condensate Recovery, Enhanced Oil and Gas 
Recovery Institute, Shiraz University, Shiraz 7134851154, 
Iran

http://orcid.org/0000-0003-3417-8440
http://crossmark.crossref.org/dialog/?doi=10.1007/s40089-019-0278-2&domain=pdf


258 International Nano Letters (2019) 9:257–263

1 3

There are also two types of catalyst to produce bio-
diesel including homogeneous and heterogeneous cata-
lysts. Heterogeneous catalysts are more affordable than 
homogeneous ones. Using heterogeneous catalysts, the 
washing stage is removed in the process of biodiesel pro-
duction and it is also easier to separate biodiesel and cata-
lyst. In addition, heterogeneous catalysts can be recovered 
and reused [12, 13]. Recently, heterogeneous catalysts in 
nano sizes are applied to produce biodiesel. Nanocatalysts 
have a high specific surface area than common catalysts 
which can be useful for the transesterification process 
[14].

Several researchers have studied biodiesel production 
in the presence of nanocatalysts. Wang et al. [15] studied 
biodiesel production from soybean oil in the presence of 
nano-MgO. In addition, Mohadesi et al. [16] produced 
biodiesel from sunflower oil using alkali metal oxides 
such as MgO/SiO2, CaO/SiO2, and BaO/SiO2. Tahvildari 
et al. [17] produced biodiesel from cooking oil by the 
transesterification method in the presence of MgO and 
CaO nanocatalysts. Moushoul et al. [18] applied CaO/
Au nanoparticles as a heterogeneous nanocatalyst and 
sunflower oil as a source of oil in biodiesel production.

The main purpose of this study is to produce biodiesel 
from M. Oleifera seeds oil in the presence of MgO as an 
efficient nanocatalyst. To do so, the effective parameters 
such as temperature, reaction time, catalyst concentration 
in wt%, and methanol-to-oil molar ratio were optimized 
using an experimental design with the help of the Taguchi 
method. After the determination of optimized conditions, 
the produced biodiesel was blended with diesel fuel in 
different volume ratios, and also, their properties such as 
pour point, flash point, cloud point, viscosity, and density 
were obtained and compared to the international stand-
ards. As far as we know, the biodiesel production has not 
been performed with the use of M. oleifera seeds oil in 
the presence of MgO nanocatalyst.

Materials and methods

Materials

In this work, M. oleifera seed oil was employed as an oil 
source and prepared from Bushehr province located in 
south of Iran. Methanol (purity ≥ 99.9%) was purchased 
from Merck company (Germany) and MgO nanocata-
lyst (purity > 99%) was purchased from the US Research 
Nanomaterials (United State of America). In addition, 
n-hexane was purchased from Merck Company and was 
used for the extraction of oil from M. oleifera seeds.

Extraction of oil

The seeds of M. oleifera was gathered and then crushed. 
Soxhlet apparatus was then utilized to extract oil from the 
crushed M. oleifera seeds using n-hexane as solvent. The 
extracted oil was next purified by distillation to remove any 
hexane from oil. The recovered hexane can be reused for 
the extraction, and the purified oil would be used to produce 
biodiesel.

After the extraction of oil from M. oleifera seeds, gas 
chromatography (GC, Varian CP3800 model) analysis was 
applied to determine the fatty acid components of oil. The 
oil components are given in Table 1. The components of 
fatty acids in the M. oleifera oil are necessary for biodiesel 
production.

Experimental design methodology

To optimize different parameters on biodiesel production 
using MgO nanoparticles, the experimental design was 
applied. For this purpose, the Taguchi method using L9 
orthogonal array was exploited with the help of MINITAB 
software. Table 2 shows the experimental design results to 
determine the optimum conditions for the production of 
biodiesel.

Transesterification process

The transesterification process was employed to prepare 
biodiesel from M. oleifera seeds oil in the presence of MgO 
nanocatalyst. Furthermore, a refrigerant was used to pre-
vent methanol evaporation and better control of temperature. 
After the reflux system was established to prevent metha-
nol evaporation, 30 g of the oil extracted from the M. oleif-
era seeds was transferred into a 250 mL three-neck flask 
and placed on a heater to reach the specified temperature. 

Table 1  GC analysis of the oil extracted from Moringa oleifera seeds

Fatty acids Chemical formula Mole 
fraction 
(%)

Behenic acid (C22:0) C22H44O2 4.1
Myristic acid (C14:0) C14H28O2 0.5
Erucic acid (C22:1) C22H42O2 1.7
Oleic acid (C18) C18H34O2 67.3
Arachidic acid (C20) C20H40O2 5.5
Linolenic acid (C18:3) C18H30O2 1.1
Stearic acid (C:18) C18H36O2 4.5
Palmitoleic acid (C16:1) C16H30O2 2.5
Palmitic acid (C16) C16H32O2 7.9
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A blend of methanol and catalyst was then poured into a 
beaker and mixed by a magnetic stirrer. Sufficient amount of 
methanol during the transesterification reaction is necessary 
to break the glycerine-fatty acid linkages. After mixing the 
solution of methanol and catalyst, the mixture was added to 
the oil, and its temperature was checked by a thermometer 
every 10 min. When the reaction time completed, the bio-
diesel formed. Afterwards, the mixture was poured into a 
separatory funnel, and three phases formed after 24 h. The 
lowest and highest sections of the funnel would be the cata-
lyst and biodiesel phase, respectively, and glycerol would 
place between them. Eventually, the biodiesel yield was 
calculated as follows:

Combining biodiesel with diesel

The produced biodiesel in optimum conditions was blended 
with the diesel fuel in the ratio of 25, 50, and 75 volumetric 
percent, and their properties were measured. The mixture 
of biodiesel and diesel has been indicated as “BX”, where 
“X” is the percentage of biodiesel in the mixture [19]. The 
physical properties of the produced biodiesel such as pour 
point, flash point, cloud point, viscosity, and density were 
then determined in accordance with the ASTM D6751 and 
EN14241 international standards.

Characterization of catalyst

To determine the characteristics of MgO nanocatalyst, 
several analyses such as transmission electron micros-
copy (TEM), scanning electron microscope (SEM), 
Brunauer–Emmett–Teller (BET), and energy-dispersive X 
ray spectroscopy (EDX) were used. SEM (TESCAN VEGA, 
Czech Republic) was used to determine morphology, pores, 
and cavities inside the catalyst. In addition, EDX (TESCAN 

(1)

Biodiesel yield (%) =
Weight of biodiesel produced × 100

Weight of oil
.

Mira3-FEG, Czech Republic), TEM (Zeiss LEO 906, Ger-
many), and BET (ASAP 2020, USA) were used to determine 
elemental analysis, size of particles, and specific surface 
area of the catalyst, respectively.

Results and discussion

Characterization of the catalyst

In this work, MgO nanocatalyst was used in transesterifica-
tion process for biodiesel production. The SEM image of 
this catalyst is shown in Fig. 1. As can be seen from the 
SEM image, the particles sizes are very small. In addition, 
there are a great number of pores in the surface of the cata-
lyst which can be useful for transesterification reaction. The 
specific surface area of the catalyst increases with increasing 
number of pores inside the catalyst and the transesterifica-
tion process occurs on the surface of the catalyst.

In addition, the TEM image of this nanocatalyst is shown 
in Fig. 2 confirming that the particles are in nanoscale. The 
catalyst particles exhibit a heterogeneous and asymmetric 
distribution, and the presence of pores and inter-mass gaps 
provides sites for external materials.

In addition, the BET analysis was applied to measure the 
specific surface area of nanocatalyst, and the results showed 
that the specific surface area and the volume of pores in 
the MgO nanocatalyst were 14.19 m2/g and 0.045 cm3/g, 
respectively.

Moreover, the EDS analysis of MgO nanocatalyst is 
shown in Fig. 3. As can be seen, all components of the 

Table 2  The Taguchi method using L9 orthogonal array

Run no. Time (h) Catalyst concen-
tration in wt%

Tempera-
ture (oC)

Methanol-to-
oil molar ratio

1 2 0.5 45 6:1
2 2 1 55 9:1
3 2 1.5 65 12:1
4 3 0.5 55 12:1
5 3 1 65 6:1
6 3 1.5 45 9:1
7 4 0.5 65 9:1
8 4 1 45 12:1
9 4 1.5 55 6:1

Fig. 1  The SEM image of MgO nanocatalyst
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catalyst are composed of Mg (52.72 wt%) and O (47.28 
wt%) elements.

Determination of optimum conditions

To determine the optimum conditions in the biodiesel pro-
duction, MINITAB software was applied. To do so, the 
Taguchi method using L9 orthogonal array model was 
employed to design the experiments to decrease the number 
of tests. The results of experimental design based on Table 2 
are listed in Table 3.

As given in Table 3, the optimal conditions for the bio-
diesel production are the reaction temperature of 45 °C, 
reaction time of 4 h, methanol/oil molar ratio of 12:1 and 
catalyst concentration of 1 wt%. In optimum conditions, 
the biodiesel yield was found to be 93.69% which was a 
considerable amount. In addition, the S/N ratio (signal-
to-noise) to optimize the parameters using the Taguchi 
method is shown in Fig. 4. The greater S/N ratio corre-
sponds to the smaller variance of the output characteristic 
around the desired value and corresponds to the better per-
formance characteristics [20]. According to the obtained 

results, the biodiesel yield increased by increasing meth-
anol-to-oil molar ratio, and it also decreased by increas-
ing the amount of catalyst in wt%. The reason for this is 
that glycerin extensively dissolved in excess methanol by 
increasing methanol content, sustaining methanol from 
reacting with the catalyst, and, hence, makes it hard to 
separate methanol from biodiesel and glycerin [21, 22]. 
As a result, a reduction in the production of biodiesel may 
occur in the presence of high catalyst content because 
of the high saponification [23]. In addition, the highest 
biodiesel yield was achieved at high contact times and 
low temperatures. At high temperatures, the solubility of 
methanol rises in the oil and leads to increase the effi-
ciency of biodiesel production [24]. In addition to this, an 
increase in the temperature of the reaction intensifies the 
saponification reaction of the triglyceride [25]. Moreover, 

Fig. 2  The TEM image of MgO nanocatalyst

Fig. 3  The EDS analysis of MgO nanocatalyst

Table 3  The biodiesel yield and S/N (signal-to-noise) ratio in differ-
ent conditions

Run no. S/N ratio Biodiesel 
yield in 
percent

1 35.31 58.25
2 38.02 79.62
3 38.09 80.23
4 38.53 84.43
5 33.10 45.22
6 38.88 87.89
7 39.15 90.72
8 39.43 93.69
9 32.54 42.35

Fig. 4  The S/N ratio for the optimization of parameters using the 
Taguchi method
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methanol at high temperatures evaporates and decreases 
the contact of methanol with the oil and catalyst [26].

Furthermore, signal-to-noise ratio (S/N) is a measure 
that compares the level of the desired signal to the level of 
background noise. In fact, the higher the S/N, indicating that 
it is closer to the target. As shown in Fig. 4, the signal-to-
noise ratio would be maximum at optimum conditions (i.e., 
S/N = 39.343).

The highest yield of biodiesel was compared with the pre-
vious studies and results are given in Table 4. As shown in 
this table, the biodiesel produced in this study is comparable 
to the previous studies.

Physical properties of the biodiesel

To determine the physical characteristics of biodiesel, the 
biodiesel was blended with the diesel fuel in different vol-
ume ratios (B25, B50, B75, and B100), and their properties 
such as density, kinematic viscosity, pour point, cloud point, 
and flash point were measured. The best ratio for the blend-
ing of biodiesel with the diesel fuel was obtained according 
to the international standards with the ability of using the 
produced fuel in the extensive range of operating conditions 
[19]. The results are given in Table 5.

Density can affect the atomization efficiency of the fuel 
[8]. In the present study, the density of the produced bio-
diesel and the diesel fuel were 0.88 and 0.83 g/m3, respec-
tively. According to the standard EN 1421, the density of 
B00, B25, and B50 is not within the standard range, and 

hence, these blends of the produced biodiesel with the 
diesel fuel cannot be used in motor vehicles.

In addition, viscosity is one of the important properties 
of diesel fuels indicating the ability of fuel’s flow as well 
as its atomization. As a result, a fuel with higher viscosity 
results in poor combustion and thereby leading to emit 
more smoke and more greenhouse gases. The kinematic 
viscosity of pure biodiesel produced by MgO nanocata-
lyst was found to be 4.7 mm2/s which was in the range of 
ASTM D6751 standard (1.9–6 mm2/s). The viscosity of 
the diesel fuel is 2.8 mm2/s which is smaller than that of 

the produced biodiesel. According to ASTM 6751D, the 
viscosity of all combinations of the produced biodiesel 
with the diesel are found to be within the standard range; 
however, only the mixtures of B75 and B100 are within the 
standard range in accordance with the EN 1421 standard.

Another important property of diesel fuels is the flash 
point. Fuels having a higher flash point provide more 
safety during storage and transport [21]. In accordance 
with the obtained results, the flash point of biodiesel is 
larger than the diesel fuel, and hence, it makes the fuel 
safer during transport and storage. The flash point of B25 
and B50 productions is not in the range of standard; how-
ever, the mixtures of B75 and B100 are within the standard 
range (bigger than 130) and so is used in motor vehicles.

In addition, the results show that the pour point of fuel 
increases with increasing the biodiesel volume percent 
during the blending process. Therefore, at low tempera-
tures, vehicles feeding by a blend of the produced biodiesel 
with the diesel would favor more problems in comparison 
to the conventional diesel fuel and so not being used in a 
motor vehicle during the winter because of disrupting the 
engine performance.

Cloud point depends on temperature, and at low temper-
atures, fuel is eligible to form wax crystals with the ability 
of blocking fuel lines and filters in fuel systems [32].

In addition, the results disclosed that the produced 
fuel’s pour point increases with increasing the biodiesel 
content in the blending process.

Table 4  Comparing results with the previous studies

Catalyst type Biodiesel yield References

KOH 93.86 [27]
KOH 82% [28]
Conch shell 97.06 [29]
CaO 96% [30]
Ferric sulfate 90% [30]
NaOH 87.2% [31]
MgO nanoparticles 93.69% Present study

Table 5  Physical properties of different blendings of the produced biodiesel with the diesel

Characterization Unit ASTM D 6751 EN 1421 Measured value

B100 B75 B50 B25 B00

Density at 15 °C g/cm3 ASTM D 4052 (0–0.879) 0.86–0.9 0.88 0.87 0.86 0.84 0.83
Kinematic viscosity at 40 °C mm2/s ASTM D 445 (1.9-6) 3.5–5 4.70 3.90 3.40 3.10 2.80
Flash point °C ASTM D 93 max. 130 max. 120 166 135 105 91 70
Pour point °C ASTM D 97 – 13 9 5 1 − 10
Cloud point °C ASTM D 2500 – 15 13 11 10 1
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Conclusions

In the present study, MgO nanocatalyst was employed to 
produce biodiesel from M. oleifera seeds oil using the trans-
esterification process. To do so, the effect of various param-
eters such as temperature, contact time, catalyst concentra-
tion, and methanol/oil molar ratio was investigated upon 
the biodiesel production and the best operating conditions 
were obtained for the highest biodiesel efficiency using the 
statistical software of MINITAB and the Taguchi method. 
The results indicated that the highest biodiesel efficiency 
was found to be at the methanol-to-oil molar ratio of 12:1, 
the reaction time of 4 h, the temperature of 45 °C, and the 
catalyst concentration of 1 wt%, and hence, the biodiesel 
efficiency of 93.69% was achieved. To improve the physical 
properties of the produced biodiesel fuel, it was blended 
with the diesel fuel in various volume ratios, and the fuels 
of B25, B50, B75, and B100 were produced. Furthermore, 
the physical properties of the produced biodiesel and the 
produced biodiesel blended with the diesel fuel were deter-
mined such as density, kinematic viscosity, flash point, pour 
point, and cloud point. All these properties were measured 
in accordance with the international standards of ASTM D 
6751 and ASTM D 14214. By increasing the produced bio-
diesel volume percent in the fuel blending, some physical 
properties such as cloud point and pour point are beyond 
the limit of the standard. Despite these limitations, the other 
fuel properties are within the standard criteria. The den-
sity of B75 and B100 is in the range of standard; however, 
the blendings of B25 and B50 are slightly lower than the 
standard criteria. In addition, the produced biodiesel viscos-
ity and its blending with the diesel fuel in different volume 
ratios are in the standard criteria. In addition, the produced 
biodiesel flash point and its blending with the diesel fuel in 
different volume ratios increase in comparison to the diesel 
fuel, which make the produced fuels safer during transport 
and storage. Moreover, the flash point of B75 and B100 was 
higher than the standard range, and so these blendings are 
proper fuels for use in motor vehicles.

Acknowledgements The authors are grateful to the Shiraz University 
for supporting this research.

Compliance with ethical standards 

Conflict of interest The authors declare that they have no conflict of 
interest.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

 1. Saxena, V., Kumar, N., Saxena, V.K.: A comprehensive review 
on combustion and stability aspects of metal nanoparticles and 
its additive effect on diesel and biodiesel fuelled C.I. engine. 
Renew. Sust. Energ. Rev. 70, 563–588 (2017)

 2. Demirbas, A., Demirbas, M.F.: Importance of algae oil as a 
source of biodiesel. Energy Convers. Manag. 52, 163–170 
(2011)

 3. Li, Q., Zheng, L., Cai, H., Garza, E., Yu, Z., Zhou, S.: From 
organic waste to biodiesel: black soldier fly, Hermetiaillucens, 
makes it feasible. Fuel 90, 1545–1548 (2011)

 4. Banković-Ilić, I.B., Stojković, I.J., Stamenković, O.S., Veljkovic, 
V.B., Hung, Y.T.: Waste animal fats as feedstocks for biodiesel 
production. Renew. Sust. Energ. Rev. 32, 238–254 (2014)

 5. Diya’uddeen, B., Abdul Aziz, A.R., Daud, W.M.A.W., Chakra-
barti, M.H.: Performance evaluation of biodiesel from used 
domestic waste oils: A review. Process Saf. Environ. Prot. 90, 
164–179 (2012)

 6. Gnanaprakasam, A., Sivakumar, V.M., Surendhar, A., Thiru-
marimurugan, M., Kannadasan, T.: Recent strategy of biodiesel 
production from waste cooking oil and process influencing param-
eters: a review. J. Energy 2013, 1–10 (2013)

 7. Caesar, W.K., Riese, J., Seitz, T.: Betting on biofuels. McKinsey 
Q 2007, 2 (2007)

 8. Seffati, K., Honarvar, B., Esmaeili, H., Esfandiari, N.: Enhanced 
biodiesel production from chicken fat using CaO/CuFe2O4 nano-
catalyst and its combination with diesel to improve fuel properties. 
Fuel 235, 1238–1244 (2019)

 9. Ezekannagha, C.B., Ude, C.N., Onukwuli, O.D.: Optimization of 
the methanolysis of lard oil in the production of biodiesel with 
response surface methodology. Egypt J. Petrol. 26, 1001–1011 
(2017)

 10. Pereira, F.S.G., de Sobral, A.D., da Silva, A.M.R.B., da Rocha, 
M.A.G.: Moringa oleifera: a promising agricultural crop and of 
social inclusion for Brazil and semi-arid regions for the produc-
tion of energetic biomass (biodiesel and briquettes). OCL 25, 1–11 
(2018)

 11. Campas-Baypoli, O.N., Sanchez-Machado, D.I., Bueno-Solano, 
C., Escarcega-Galaz, A.A., Lopez-Cervantes, J.: Biochemical 
composition and physicochemical properties of Moringa Oleifera 
seed oil. Acta Aliment. 43, 538–546 (2014)

 12. Reddy, C.R.V., Oshel, R., Verkade, J.G.: Room-temperature 
conversion of soybean oil and poultry fat to biodiesel catalyzed 
by nanocrystalline calcium oxides. Energy Fuels 20, 1310–1314 
(2006)

 13. Kesic, Z., Lukic, I., Zdujic, M., Mojovic, L., Skala, D.: Calcium 
oxide based catalysts for biodiesel production: a review. Chem. 
Ind. Chem. Eng. Q. 22(4), 391–408 (2016)

 14. Zuliani, A., Ivars, F., Luque, R.: Advances in nanocatalyst design 
for biofuel production. ChemCatChem 10, 1968–1981 (2018)

 15. Wang, L., Yang, J.: Transesterification of soybean oil with nano-
MgO or not in supercritical and subcritical methanol. Fuel 86, 
328–333 (2007)

 16. Mohadesi, M., Hojabri, Z., Moradi, G.: Biodiesel production using 
alkali earth metal oxides catalysts synthesized by sol-gel method. 
Biofuel Res. J. 1, 30–33 (2014)

 17. Tahvildari, K., Anaraki, Y.N., Fazaeli, R., Mirpanji, S., Delrish, 
E.: The study of CaO and MgO heterogenic nano-catalyst cou-
pling on transesterification reaction efficacy in the production of 
biodiesel from recycled cooking oil. J. Environ. Health Sci. Eng. 
13(1), 73–81 (2015)

 18. Bet-Moushoul, E., Farhadi, K., Mansourpanah, Y., Nikbakht, 
A.M., Molaei, R., Forough, M.: Application of CaO-based/Au 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


263International Nano Letters (2019) 9:257–263 

1 3

nano particles as heterogeneous nano catalysts in biodiesel pro-
duction. Fuel 164, 119–127 (2016)

 19. Chandrasekaran, V., Arthanarisamy, M., Nachiappan, P., Dhana-
kotti, S., Moorthya, B.: The role of nano additives for biodiesel 
and diesel blended transportation fuels. Transp. Res. D Transp. 
Environ. 46, 145–156 (2016)

 20. Reddy, M.M., Joshua, C.X.H.: Performance of Silicon carbide 
whisker reinforced ceramic inserts on Inconel 718 in end milling 
process. IOP Conf. Ser. Mater. Sci. Eng. 121, 012005 (2016)

 21. Esmaeili, H., Foroutan, R.: Optimization of biodiesel production 
from goat tallow using alkaline catalysts and combining them with 
diesel. Chem. Chem. Technol. 12, 120–126 (2018)

 22. Nisar, J., Razaq, R., Farooq, M., Iqbal, M., Khan, R.A., Sayed, 
M., Shah, A., Rahman, I.: Enhanced biodiesel production from 
Jatropha oil using calcined waste animal bones as catalyst. Renew. 
Energy 101, 111–119 (2017)

 23. Sinha, S., Agarwal, A.K., Garg, S.: Biodiesel development from 
rice bran oil: transesterification process optimization and fuel 
characterization. Energy Convers. Manag. 49, 1248–1257 (2008)

 24. Joshi, S., Gogate, P.R., Moreira, P.F., Giudici, R.: Intensification 
of biodiesel production from soybean oil and waste cooking oil in 
the presence of heterogeneous catalyst using high speed homog-
enizer. Ultrason. Sonochem. 39, 645–653 (2017)

 25. Eevera, T., Rajendran, K., Saradha, S.: Biodiesel production pro-
cess optimization and characterization to assess the suitability of 
the product for varied environmental conditions. Renew. Energy 
34, 762–765 (2009)

 26. Keihani, M., Esmaeili, H., Rouhi, P.: Biodiesel production from 
chicken fat using nano-calcium oxide catalyst and improving the 

fuel properties via blending with diesel. Phys. Chem. Res. 6, 
521–529 (2018)

 27. Rashid, U., Anwar, F., Ashraf, M., Saleem, M., Yusup, S.: Appli-
cation of response surface methodology for optimizing transes-
terification of Moringa oleifera oil: biodiesel production. Energy 
Convers. Manag. 52, 3034–3042 (2011)

 28. Kafuku, G., Mbarawa, M.: Alkaline catalyzed biodiesel produc-
tion from Moringa oleifera oil with optimized production param-
eters. Appl. Energ. 87, 2561–2565 (2010)

 29. Niju, S., Anushya, C., Balajii, M.: Process optimization for bio-
diesel production from Moringa oleifera oil using conch shells 
as heterogeneous catalyst. Environ. Prog. Sustain. Energy 38, 3 
(2018)

 30. Yahya, A.: Biodiesel production from Moringa oleifera seeds 
using heterogeneous acid and alkali catalyst (Doctoral disserta-
tion, UMP) (2013)

 31. Aliyu, A.O., Nwaedozie, J.M., Adams, A.: Quality parameters 
of biodiesel produced from locally sourced Moringa oleifera and 
Citrullus colocynthis l. Seeds found in Kaduna, Nigeria. Int. Res. 
J. pure appl. Chem. 3, 377–390 (2013)

 32. Kumar, N.: Modelling of exhaust emission of vegetable oil based 
diesel fuel. Degree of Master of Technology in Chemical Engi-
neering. Indian Institute of Technology Roorkee (2008)

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Optimization of biodiesel production from Moringa oleifera seeds oil in the presence of nano-MgO using Taguchi method
	Abstract
	Introduction
	Materials and methods
	Materials
	Extraction of oil
	Experimental design methodology
	Transesterification process
	Combining biodiesel with diesel
	Characterization of catalyst

	Results and discussion
	Characterization of the catalyst
	Determination of optimum conditions
	Physical properties of the biodiesel

	Conclusions
	Acknowledgements 
	References




