
IJSRD - International Journal for Scientific Research & Development| Vol. 5, Issue 02, 2017 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 631 

A Review on Production of Biodiesel by Transesterification using 

Heterogeneous Nanocatalyst 
Pavan Kumar Pathaka1 Janmit Rajb2 Gaurav Saxenab3 Dr. Uma Shankar Sharmac4 

1Student 2,3,4Assistant Professor 
1,2,3Department of Automobile Engineering 4Department of Engineering Physics 

1,2,3,4Rustamji Institute of Technology, BSF Academy Tekanpur, Gwalior, Madhya Pradesh, India

Abstract— In the 21st century, major research emphasis is 

given for the development of alternative energy sources to 

replace the conventional non-renewable traditional petroleum 

diesel. Biodiesel, as an alternative fuel, has many merits that 

make it preferable to the conventional petro-diesel. Biodiesel 

has been chosen as one of the alternative fuels because of its 

characteristics such as it is renewable, biodegradable, non-

toxic and environment-friendly fuel. Biodiesel produces 

lower emission, possesses high flash point, better lubrication, 

and high cetane number and has very close physical and 

chemical characteristics to those of conventional diesel fuel 

allowing its use either on its own (pure biodiesel, B100) or 

mixed with petroleum based diesel fuel (B5-B30) with very 

few modification. The synthesis of biodiesel is done using 

transesterification process. In transesterification reaction, the 

catalyst plays a vital role in the biodiesel production by 

converting the fatty acid to respective fatty acid methyl ester. 

This paper discusses the feasibility on the use of heterogenous 

nanocatalyst for the synthesis of biodiesel describing some 

studies done by the past researcher on this theme .The present 

review summarize the work carried out for biodiesel 

production using various heterogeneous nano-catalyst. The 

present article will be useful for researcher and scholars 

working in the field of application of new catalyst in the field 

of biodiesel production. 
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I. INTRODUCTION 

Biodiesel is generally defined as a mono-alkyl ester of long 

chain fatty acids derived from edible oils, non-edible oils, 

waste cooking oil or animal fat. In the synthesis of biodiesel 

different used feedstocks are used, which are normally 

classified as either first or second generation [2-5]. First 

generation biodiesel is derived from edible vegetable oils 

such as soyabean oil, palm oil, rapeseed oil and sunflower oil. 

Second generation biodiesel is normally considered to be 

obtained from non-edible oils such as castor, jatropha and 

neem, microalgae, animal fats or waste oils [15]. These oils 

are composed of triglycerides that can be converted into 

biofuels using three main processing techniques viz. 

pyrolysis (thermal cracking), micro-emulsification and 

transesterification. The transesterification is the most popular 

method for the biodiesel production [10-12].The 

transesterification process detaches the hydrocarbon chain to 

make biodiesel and glycerine. The transesterification reaction 

for biodiesel production can be carried out using both 

homogeneous and heterogeneous catalysts [18]. The flow 

chart of biodiesel production is shown in Fig. 1. Biodiesel can 

be blended in any ratio with petroleum diesel fuel. It does not 

require separate infrastructure for storage. The use of 

biodiesel in conventional diesel engines results in substantial 

reduction of unburnt hydrocarbons, carbon monoxide and 

particulate matters [14-16]. Biodiesel is considered clean fuel 

since it has almost no sulphur, no aromatics and has about 

10% built in oxygen, which helps it to burn completely its 

higher cetane number, improves the combustion even when 

blended in the petroleum diesel. The popular method for the 

preparation of biodiesel is transesterification reaction of oil 

and alcohol with homogeneous catalyst. However, the 

homogeneous catalyst has many limitations, such as the 

difficulty in product isolation, requirement of large quantity 

of water and environmental pollution by the liquid wastes. 

Recently a new trend in the preparation of biodiesel is to use 

‘‘green” method based on heterogeneous catalyst. 

Heterogeneous catalytic methods are usually mass transfer 

resistant, time consuming and inefficient [12]. Nanocatalysts 

have high specific surface and high catalysis activities, may 

solve the above problems. It has become the significant area 

of research for present researchers.  

 
Fig. 1: Flow Chart of Biodiesel Production 

II. TRANSESTERIFICATION REACTION  

In transesterification or alcoholysis, oils or fats react with 

alcohol in presence of a catalyst to form alky esters and 

glycerol. In transesterification, the displacement of alcohol 

from an ester by another alcohol [17,19]. The reaction is 

shown below in equation 1. Homogeneous alkali catalysts can 

convert triglycerides to their respective fatty acid methyl 

esters (FAMEs) with high yield in less time and low cost. 

However, separating the catalyst from the product mixture for 

recycling is technically difficult. After reaction, the catalyst 

should be neutralized or removed with a large amount of hot 

water, which will produce a large amount of industrial 

wastewater [10-12]. In contrast, solid heterogeneous catalysts 

are used to overcome these problems, because they are non-

corrosive, non-toxic, and easily separated for recycling, 

reusability of heterogeneous catalysts makes is possible [13]. 

Such continuous process can minimize product separation 

and purification costs, make it economically viable to 

compete with commercial petroleum-based diesel fuel [21]. 

Nanocatalysts have combined advantages of both the 
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homogeneous and heterogeneous catalytic systems. 

Nanocatalytic system allows the rapid, selective chemical 

transformations with excellent product yield coupled with the 

ease of catalyst separation and recovery. Recovery of 

catalysts from the system is the most important characteristic 

of any catalyst in industry [13,17]. Because of nano size the 

contact between reactants and catalyst increases dramatically 

creating a pseudo-homogeneous phase. Insolubility in the 

reaction solvent makes the catalyst heterogeneous and hence 

can be separated out easily from the reaction mixture [18-20].  

 

 
     (1) 

III. PRODUCTION OF BIODIESEL FROM HETEROGENEOUS 

NANOCATALYST: REVIEW 

Wang L. and Yang J. [1] determined that nano-MgO has 

higher catalytic activity in the supercritical/subcritical 

temperatures. At the stirring rate of 1000 rpm with 3 wt % 

nano-MgO, the transesterification reaction was completed 

and more than 99 % yield were obtained within reaction time 

of 10 min under 533ºK temperature and at high pressure of 

28.7 MPa, with the methano/oil molar rate of 36:1. The higher 

reaction rate with nano-MgO was mainly attributed to the 

lower activation energy (75.94 kJ/mol) and the higher 

stirring. Moreover, transesterification of soybean oil with SrO 

as a solid base catalyst showed that although the specific 

surface area of the catalyst is as low as 1.05m2/g, 90 % yields 

of methyl esters were achieved after 30 min of reaction time 

at 65°C with alcohol/oil molar ratio of 12:1 and 3 wt.% 

catalyst. The catalyst was stable even after 10 reaction cycles. 

Verziu M. et al. [2] obtained biodiesel from rapeseed 

oil and sunflower oil using different nanocrystalline MgO 

catalysts in nanosheets form, which were prepared by 

conventional and aerogel method.  Working under 

microwave conditions with these systems led to higher 

conversions and selectivity when preparing methyl esters, as 

compared to autoclave or ultrasound conditions. MgO can be 

used effectively as a heterogeneous catalyst for biodiesel 

transesterification. The exposed facet of the MgO has an 

important influence on activity and selectivity. 

Boz N. et al. [3] demonstrated calcination of KF-

impregnated nanoparticles of g-Al2O3 and used as 

heterogeneous catalysts for the transesterification of 

vegetable oil with methanol for the synthesis of biodiesel. 

The ratio of KF to nano-g-Al2O3, calcination temperature, 

molar ratio of methanol/oil, transesterification reaction 

temperature and time, and the concentration of the catalyst 

were used as the parameters. The biodiesel yield of 97.7

2.14% was obtained under the catalyst preparation and 

transesterification conditions of KF loading of 15 wt%, 

calcination temperature of 773 K, 8 h of reaction time at 338 

K, and using 3 wt% catalysts and molar ratio of methanol/oil 

of 15:1.  

Wen L. et al. [4] reported that the solid base 

nanocatalyst KF/CaO can be used for biodiesel production 

from Chinese tallow seed oil with yield of more than 96%. 

The characterization of the nanocatalyst is done using 

Transmission electron microscopy (TEM), the photograph 

showed that the catalyst had porous structure with the particle 

size of 30–100 nm. While the X-ray diffractometer (XRD) 

analysis demonstrated that the new crystal KCaF3 was 

formed in catalyst, which enhanced catalytic ability. The high 

specific surface area and large pore size are favourable for 

contact between catalyst and substrates, which effectively 

improved efficiency of transesterification. The Optimal 

conditions for obtaining a 96.8% yield was a 12:1 molar ratio 

of alcohol to oil, 4wt. % of catalyst, reaction temperature of 

65°C and reaction time of 2.5 hr. The effect of catalyst 

loading and reaction temperature on biodiesel yield observed 

by the researcher is presented below in Fig 2. 

 
(a) 

 
(b) 

Fig. 2: (a) Effect of catalyst usage on biodiesel yield. (a–e) 

Catalyst usage 1%, 2%, 3%, 4%, 5% and (b) Effect of 

reaction temperature on biodiesel yield. (a–e) Reaction 

temperature 50°C, 55°C, 60°C, 65°C, 70°C [4]. 

Hu S. et al. [5] investigated KF/CaO–Fe3O4 nano-

magnetic as catalyst for transesterification of biodiesel. The 

magnetic property of the catalyst was studied by vibrating 

sample magnetometer (VSM). The results of the experiment 

showed that the catalyst was ferromagnetic, and it could be 

recovered by magnetic separation. The nano magnetic 

catalyst was also characterized by transmission electron 

microscopy (TEM), X-ray diffraction (XRD) and BET 

surface area analyzer. The study concluded that the catalyst 

possessed a unique porous structure with an average particle 

diameter of ca. 50 nm. Furthermore, the fatty acid methyl 

esters yield over 95% was obtained under the optimal 

conditions. 

Do Nascimento G. S. et al. [6] compared the 

different nanostructured oxides, obtained by polymeric 

precursor method, regarding their activity for biodiesel 

conversion from oil–methanol mixtures. The basicity/acidity 

and surface area (SA) of the oxides were taken in account to 

analyze the catalytic activity in the transesterification 

reaction. The temperature dependence for the heterogeneous 

catalysts was analyzed, where only CaO showed activities at 

70°C (98% of conversion), while the other oxides, SnO2, 

ZnO, TiO2, CaTiO3, were observed active only at150°C for 

the reaction parameters adopted shown below in Fig 3. The 

results of the study revealed that the highest activity observed 

is not associated to SA only but mainly with the surface 

basicity.  
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Fig. 3: Yield to biodiesel using the metal oxides as catalysts 

at 70 and 150 °C for 2 h. Control refers to the reaction of 

methanol:oil without catalyst [6]. 

Kumar D. and Ali A. [7] carried out the preparation 

of potassium ion impregnated calcium oxide in nanocatalyst 

for transesterification of a variety of triglycerides. In order to 

establish the effect of Kþ impregnation on catalyst structure, 

particle size, surface morphology, and basic strength, the 

characterized by powder X- ray diffraction, scanning electron 

and transmission electron microscopic, BET surface area 

measurement, and Hammett indicator. The catalyst prepared 

by impregnating a mass fraction of 3.5% Kþ in CaO was 

found to exist as w40 nm sized particles. The nanocatalyst 

was found to be effective for the variety of feedstock having 

mass fraction of 10.26% and 8.4% of moisture and FFA 

contents, respectively. Under optimized reaction conditions 

of methanol to oil molar ratio of 12:1, catalyst concentration 

7.5%, and at 65°C, KeCaO was found to yield 98 2% fatty 

acid methyl esters (FAMEs) from the employed feedstocks, 

and showed a high tolerance to the free fatty acid and 

moisture contents.  

Madhuvilakku R. and Piraman S. [8] synthesized 

biodiesel from palm oil using ZnO and TiO2-ZnO as 

nanocatalysts. The substitution of Ti ions on the Zinc 

latticeed to the creation of defects, responsible for stable 

catalytic activity.  A 92.2% yield was attained with 5 hr. at 

lower catalyst loading of 200 mg of TiO2-ZnO nanocatalyst 

6:1 methanol to oil molar ratio and 60°C. The TiO2-ZnO 

mixed oxide nanocatalyst illustrated a significantly improved 

performance which could be a potential catalyst in the large-

scale biodiesel production compared to the ZnO nanocatalyst. 

Yu C. Y. et al. [9] studied pseudomonas cepacia 

lipase immobilized onto magnetic nanoparticles (MNP) for 

biodiesel production from waste cooking oil. The optimal 

dosage of lipase-bound MNP was 40% (w/w of oil) and there 

was little difference between stepwise addition of methanol 

at 12 h- and 24 h-intervals. Reaction temperature, substrate 

molar ratio (methanol/oil), and water content (w/w of oil) 

were optimized using response surface methodology (RSM). 

The optimal reaction conditions were found at 44.2°C, 

substrate molar ratio of 5.2 and water content of 12.5%. The 

study concluded that the predicted and experimental molar 

conversions of fatty acid methyl esters (FAME) were 80% 

and 79%, respectively. 

Kim M. et al. [10] examined zinc oxide nanoparticle 

as catalyst for the synthesis of biodiesel from rapeseed oil. 

The synthesis of biodiesel and zinc oxide nanoparticles were 

synthesized simultaneously using supercritical methanol.  For 

synthesis of nanoparticle zinc nitrate was used as the source 

of zinc for the formation of the zinc oxide nanoparticles. In 

addition, the in situ formed zinc oxide nano- particles led to a 

reduction in the reaction temperature and time. The 

characterization of synthesized zinc oxide nanoparticles was 

done using X-ray diffraction (XRD) (illustrated in Fig. 4), 

scanning electron microscopy (SEM), transmission electron 

microscopy (TEM), and Fourier transform infrared (FT-IR) 

spectroscopy. The result of the experiment revealed that the 

highest FAME yield of 96.88wt% was obtained at a 

temperature of 250°C, pressure of 350 bar, and reaction time 

of 10 min with 3% zinc nitrate loading. 

 
Fig. 4: XRD patterns of the ZnO nanoparticles (a) 

synthesized during the transesterification of rapeseed oil in 

supercritical methanol at 300°C and 350 bar over a period of 

10 min and (b) synthesized in neat supercritical methanol 

under identical conditions [10]. 

Manivannan R. and Karthikeyan C. [11] 

transesterified neem oil to methyl esters using Mg–Al nano 

hydrotalcites as solid base catalysts. The researcher analysed 

the effect of the reaction temperature, reaction time, catalyst 

amount, and methanol /oil molar ratio on the Mg-Al nano 

hydrotalcite. The nano catalysts were characterized by X-ray 

diffraction (XRD), scanning electron microscope (SEM). 

Biodiesel produced from the neem oil by using Mg-Al nano 

hydrotalcite catalyst was analyzed by gas chromatography. 

The research concluded that the activity of the catalysts was 

mainly associated with calcination temperature, and Mg/Al 

molar ratio. The catalyst with an Mg/ Al molar ratio of 3.0 

aged for 20 h-1 at 550°C show the best catalytic activity for 

the transesterification of neem oil. 

Feyzi M. et al. [12] in their research work carried out 

synthesis of Cs/Al/Fe3O4 nanocatalysts via novel synthesis 

method. The characterization of the prepared catalysts was 

carried out by using scanning electron microscopy (SEM), X-

ray diffraction (XRD), transmission electron microscopy 

(TEM) and N2 adsorption–desorption measurements 

methods. The research work reported that the catalyst with 

Cs/Al = 2.5/1 and Cs/Fe = 4/1 molar ratio was an optimal 

catalyst for biodiesel production. The results showed that the 

best operational conditions were the oil/CH3OH = 1/14 at 

58°C with mechanical stirring for 120 min. Furthermore, the 

optimal catalyst showed high catalytic activity for biodiesel 

production and the biodiesel yield reached 94.8% under the 

optimal conditions. 

Ali A. et al. [13] prepared a series of sodium 

impregnated zinc oxide catalysts by a wet impregnation 

method followed by calcinations at different temperatures. 

The prepared catalysts were characterized by powder X-ray 

diffraction, Hammett indicator test, scanning electron, and 

transmission electron microscopic studies. The catalysts were 

prepared by impregnating 5 wt% of sodium in ZnO and 

calcined at 400°C. The selected catalysts were able to yield 
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the complete transesterification of the oil to biodiesel, and the 

catalytic activity was found to depend on the impregnated 

sodium amount, the calcination temperature, methanol to oil 

molar ratio, reaction temperature, and the amount of free fatty 

acid contents in feedstock. Furthermore, the selected catalyst 

was also used for the transesterification of a variety of 

feedstock viz. virgin cottonseed oil, used cotton seed oil, 

mutton fat, karanja oil, and jatropha oil having free fatty acid 

contents in the range of 0.1–8.5 wt% and found to complete 

the transesterification when free fatty acids were less than 1 

wt% in feedstock used. The effect of methanol/oil molar ratio 

on reaction time is presented in Fig. 5. 

 
Fig. 5: Effect of Methanol/Oil Molar Ratio on Reaction 

Time Required for the Complete Transesterification of 

Cottonseed Oil [13]. 

Yulianti C. H. et al.  [14] Demonstrated the catalytic 

activity of CaOZnO nanoparticle catalysts with Ca to Zn 

atomic ratios of 0.08 and 0.25. The synthesized catalyst was 

characterized by X-ray Diffraction (XRD) analysis provided 

with Rietica and Maud software, Scanning Electron 

Microscopy (SEM) and Fourier Transform Infrared 

spectroscopy (FT-IR), and its properties was compared with 

bare CaO and ZnO catalysts. The estimation of the particle 

size by Maud software, showed that the particle size of all 

catalysts increased by the following order: ZnO<CaOZnO 

0.08 <CaOZnO0.25<CaO. The SEM images showed that all 

catalysts have different morphology and size. Furthermore, 

the transesterification of refined pakm oil with with methanol 

at 65°C for 3 hours using catalyst CaO, ZnO, CaOZnO0.08 

and CaOZnO0.25. The results of the study revealed that the 

conversion of triglyceride, yield of methyl ester, turnover 

number (TON) and turnover frequency (TOF) of 

CaOZnO0.08 are higher than CaOZnO0.25.  

Rengasamy M. et al [15] reported that the 

physicochemical properties of the synthesized biodiesel from 

iron nanoparticle were in compliance to ASTM D6751. The 

specific gravity, kinematic viscosity, flash point, cloud point, 

water content, carbon residue, refractive index, copper 

corrosion and calorific value according to ASTM test 

methods for biodiesel were 0.914, 9.8 mm2/s at 40°C, 185°C, 

6°C, 0.17 vol. %, 0.042 wt %, 1.460, 1a and 9295 cal/gm 

respectively. Furthermore, the FTIR results confirmed the 

presence of methyl and ester group in the produced biodiesel. 

The study revealed that the use of iron nanoparticles as 

catalyst showed more advantageous than the conventional 

acid/base catalyst for the production of biodiesel. 

Baskar G. and Aiswarya R. [16] optimized the 

transesterification reaction for biodiesel production from 

neem oil using CZO nanocatalyst. The highly porous and 

non-uniform surface of the CZO nanocatalyst was confirmed 

by AFM analysis, which leads to the aggregation of CZO 

nanoparticles in the form of multi layered nanostructures. The 

synthesized biodiesel was confirmed using GC-MS and 1 H-

NMR analysis. The team of researchers reported that the, 

97.18% biodiesel yield was obtained in 60 min reaction time 

at 55°C using 10% (w/w) CZO nanocatalyst and 1:10 (v:v) 

oil:methanol ratio. Further, the biodiesel yield of 73.95% was 

obtained using recycled nanocatalyst in sixth cycle. 

Degirmenbasi N. et al. [17] demonstrated the 

transesterification reaction of the canola oil using 

heterogeneous CaO nanoparticle. The ctalayst were 

impregnated with 3–10% of K2CO3. The fame yield reaches 

97.67% ± 1.7 in 8 h of reaction time in a liquid batch reactor 

at 338 K and using an alcohol/oil ratio of 9/1 under the 

catalytic activity of functionalized nanocatalyst CaO. In the 

presence of excess methanol, the apparent reaction order of 

transesterification of triglycerides was found to be 0.98 with 

respect to canola oil concentration. The apparent activation 

energy of transesterification was calculated as 25.34 ± 2.48 

kJ/mol based on the initial rate. The activities of the catalyst 

particles were found not to deteriorate upon being recovered 

and reused five successive times. 

Baskar G. and Aiswarya R. [18] synthesized CZO 

nanocomposite and used as heterogeneous catalyst for 

transesterification of waste cooking oil into biodiesel using 

methanol as acyl acceptor. The synthesized CZO 

nanocomposite was characterized in FESEM with an average 

size of 80 nm as nanorods. The XRD confirms the 

substitution of ZnO in the hexagonal lattice of Cu 

nanoparticle. The transesterification of waste cooking oil is 

done at 12% (w/w) nanocatalyst concentration, 1:8 (v/v) O/M 

ratio, 55°C temperature and 50 min of reaction time. The 

author reported that under optimum condition the maximum 

biodiesel yield of 97.71% (w/w) were obtained. Furthermore, 

the CZO nanocatalyst has showed good reusability and 

catalytic activity over five recycle. 

Catalyst 

Concentration, % 

(w/w) 

Biodiesel 

Yield % 

(w/w) 

O/M 

ratio, % 

(v/v) 

Biodiesel 

Yield, % 

(w/w) 

Temperature 

°C 

Biodiesel 

Yield, % 

(w/w) 

Reaction 

Time, min. 

Biodiesel 

Yield, % 

(w/w) 

2 36.12 1:3 43.60 35 35.78 10 57.80 

4 57.36 1:4 43.90 40 68.81 20 72.94 

6 87.11 1:5 56.88 45 81.19 30 85.32 

8 93.48 1:6 72.24 50 88.07 40 93.58 

10 95.61 1:7 84.77 55 96.33 50 97.71 

12 97.73 1:8 96.33 60 88.07 60 97.71 

14 93.48 1:9 93.85 - - 70 97.71 

Table 1: Effect of Catalyst Concentration, O/M Ratio, Reaction Temperature and Reaction Time on Biodiesel Production 

from Waste Cooking Oil using CZO Nanocomposite as Heterogeneous Catalyst [18].
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Gupta J. and Agrawal M. [19] in their work 

characterized catalyst by Fourier-transform infrared spectra 

(FT-IR), X-ray diffraction (XRD), and thermal gravimetric 

analysis (TGA). The average crystalline size in nanometer 

was found by Debye–Scherrer equation. The performance of 

the CaO/CaN and CaO/SS were tested for their catalytic 

activity via transesterification process and it was found that 

biodiesel yield has been increased from 93 to 96%. The 

optimum conditions for the highest yield were 8wt% catalyst 

loading, 65ºC temperature, 12:1 methanol/oil molar ratio, and 

6 h for reaction time. The researcher concluded that the the 

reusability of catalyst were five transesterification reaction 

cycles. 

Tamilmagan et al. [20] carried out comparative 

study on synthesis of biodiesel form waste cooking oil using 

nano Fe2O3 and CuO impregnated nano Fe3O4 as catalyst. The 

synthesis of the nano Fe2O3 was done using calotropis 

gigantean milk as a reducing and gelling agent at 60°C. 

Further, the synthesis of CuO impregnated Fe3O4 was done 

using green synthesized Fe2O3 and copper nitrate solution. 

The study concluded that the yield of 90% was achieved 

when the reaction was carried out using CuO impregnated 

Fe3O4 nanoparticles content of 3%, with a molar ratio of 

methanol to oil of 15:1, a reaction temperature of 60°C, and 

a reaction time of 6h. 

Mukherjee J. and Gupta M. N. [21] in their work 

produced lipase from thermomyces lanuginosus by 

precipitation over the clusters of Fe3O4 nanoparticles. This 

biocatalyst preparation was used for obtaining biodiesel from 

soybean oil. Moreover, after optimization of both 

immobilization conditions and process parameters, complete 

conversion to biodiesel was obtained in 3 h and on lowering 

the enzyme amount, to 1.7 U of lipase gave 96% conversion 

in 7 h. The solvent free media with oil:ethanol (w/w) of 1:4 

and 40°C with 2% (w/w) water along with 20% (w/w) silica 

(for facilitating acyl migration) were employed for reaching 

this high % of conversion.  

Rengasamy M. et al. [22] developed castor leaf 

extract mediated process for the synthesis of iron 

nanoparticles. The prepared iron nanoparticles were used as 

a catalyst in the transesterification of castor oil. The 

nanoparticle was characterized by UV–visible absorption 

spectrophotometry (UV-visible), Fourier-transmission 

infrared spectroscopy (FTIR), X-Ray diffractometer (XRD), 

X-ray photoelectron spectroscopy (XPS), scanning electron 

microscopy (SEM), energy dispersive X-ray (EDX) and 

transmission electron microscopy (TEM).  The TEM images 

confirm that the size of the iron nanocatalyst was in the range 

of 10 to 35 nm. The optimum conditions for obtaining the 

high yield of biodiesel were 65°C temperature, 1:9 molar 

ratio of castor oil and methanol, 1 wt% of catalyst load, 150 

min of reaction time and 400 rpm of stirring speed. The iron 

nanocatalyzed transesterification of castor oil yielded 85 ± 

1% of biodiesel. The physico-chemical properties of the 

produced biodiesel agreed well with the ASTM standards.   

Varghese R. and Johnson J. [23] investigated the 

catalytic transesterification of coconut oil by using CuO 

nanocatalyst with the conventional base catalyst (NaOH). 

The CuO nanoparticle where synthesized by simple 

precipitation method. The characterization of the nanoparticle 

is done using UV-Vis, FTIR, XRD and FESEM with EDX. 

The XRD of the nano particle revealed the formation of CuO 

nanostructures with monoclinic phase. The XRD, the average 

crystallite size of CuO was estimated to be 48 nm using 

Debye-Scherrer’s formula. From the GC-MS analysis, 

86.56% and 79.52% of FAME components were calculated 

for CuO and NaOH catalysed biodiesel respectively. This 

study recommends that the CuO nanocatalysts could be a 

promising option for the production of biodiesel with green 

and clean technology.  

IV. CONCLUSION 

In the present article work provides the comprehensive 

review of the past researches done on synthesis of biodiesel 

from different feedstocks and heterogeneous nanocatalyst is 

presented. An effort has been made to comprise all the 

important contributions and highlighting the most pertinent 

available literature for investigating the feedstocks and 

nanocatalyst for synthesis of biodiesel. The conclusion from 

the current literature survey are as follows: -  

1) Among the different oil available for biodiesel 

production, waste cooking oil can be seen as the cheapest 

and most economical raw material for biodiesel 

production. 

2) Production of biodiesel from waste cooking oils for 

diesel substitute is particularly important because of the 

decreasing trend of economical oil reserves, 

environmental problems caused due to fossil fuel use and 

the high price of petroleum products in the international 

market.   

3) Many techniques have been developed to reduce the 

kinematic viscosity and specific gravity of oils for 

synthesis, which include pyrolysis, emulsification, 

leaning and transesterification.  Among these techniques, 

transesterification is the hot favorite. This is because of 

the fact that this method is relatively easy, carried out at 

normal conditions, and gives the best conversion 

efficiency and quality of the converted fuel. 

4) Transesterification reaction is strongly dependent upon 

the catalyst concentration and the type of catalyst used. 

The commonly used catalytic concentration is 1% wt. to 

12% wt. The decrease in biodiesel yield is observed 

when catalyst concentration is increased beyond 12%. 

5) The minimum stoichiometric molar ratio of 3:1 is 

required to yield the fatty acid esters. Since the 

transesterification reaction being reversible, it requires 

excess methanol to shift the reaction and oil to methanol 

ratio interferes the separation of glycerol due to increase 

in solubility. The researcher vary the molar ratio was 

varied from 3:1 to 9:1 (v:v) ratio under constant 

concentration of catalyst. 

6) Compare to homogeneous catalyst, heterogeneous 

catalyst is found to be more advantageous such as no by 

product formation, purity, reusability and can be easily 

separated from the medium. Various literature reports on 

heterogeneous catalyst for biodiesel synthesis are many 

alkaline earth metal oxides. The catalyst nanoparticles 

could be recovered and reused. 
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