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Fossil fuels are produced by non-renewable sources. The non-renewability is motivated for alternative

fuels. Some common examples of feedstock for alternative fuels are seed oil, vegetable oil, waste

cooking, soybean oil. Biodiesel is produced through transesterification reaction. Biodiesel production

from waste cooking oil provides an alternate energy for various uses. Recycling waste cooking oil and

methanol with the presence of (CaO) and (MgO) nano catalysts offers several benefits like economic,

environmental and waste management. The nano catalysts CaO and MgO was synthesized by thermal

decomposition method and calcinated at 500°C followed by characterization using diffraction (XRD)

technique and RSM (Response Surface Methodology) is performed for optimization of the yield. This

study investigates the repeatability of transesterification reaction with the presence of those nano

catalysts.
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ABSTRACT

Fossil fuels are produced by non-renewable sources. The non-renewability is motivated for

alternative fuels. Some common examples of feedstock for alternative fuels are seed oil, vegetable oil,

waste cooking, soybean oil. Biodiesel is produced through transesterification reaction. Biodiesel

production from waste cooking oil provides an alternate energy for various uses. Recycling waste

cooking oil and methanol with the presence of (CaO) and (MgO) nano catalysts offers several benefits

like economic, environmental and waste management. The nano catalysts CaO and MgO was

synthesized by thermal decomposition method and calcinated at 500°C followed by characterization

using diffraction (XRD) technique and RSM (Response Surface Methodology) is performed for

optimization of the yield. This study investigates the repeatability of transesterification reaction with

the presence of those nano catalysts.
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I. INTRODUCTION

Fuel plays a crucial role in powering vehicles and industries, with fossil fuels being the primary source.

However, the lengthy formation process spanning millions of years and limited availability underscore

the need for alternative fuel sources. Biofuels emerge as a viable substitute, derived from living

organisms and produced through shorter, biological processes. This renewable energy source,

including bioethanol and biodiesel, offers distinct advantages.

Bioethanol, a liquid fuel, is obtained through biological processes employing microorganisms and

enzymes. Sugarcane and wheat serve as sources, with fermentation and distillation separating

bioethanol from other components. It can be used as an additive with gasoline, reducing carbon

monoxide emissions. Biodiesel, produced via transesterification using vegetable oil and fat, features

resources like soybean oil and waste cooking oil. It proves effective in fuel mixtures, lowering

unfavorable gas emissions by up to 60%.

While burning biofuels contributes to air pollution, the impact is comparatively lower than that of fossil

fuels. The benefits of biofuels encompass lower emissions, renewability, biodegradability, and safety.

They produce fewer greenhouse gases and are easily obtained from organic materials, making biofuels

a sustainable energy source derived from readily available resources like plant biomass.
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II. MATERIALS AND METHODS
2.1 List of Samples
Waste cooking oil (WCO)

2.2 List of Chemicals
Methanol, NaOH, Calcium nitrate Ca(NO3)2, Magnesium nitrate Mg(NO3)2, Ethylene glycol

2.3 List of instruments
Magnetic stirrer, Water bath, XRD (X-ray Diffraction), Muffle furnance.

2.4 Waste Cooking Oil sample preparation (WCO):

Waste cooking oil was collected from local hotels, which has been used for food frying. The waste

cooking oil was settled for 4-6 days at room temperature and later it was filtered to remove any

suspended food particles and by heating at 60°C for water removal.

2.5 Nano-catalyst synthesis
MgO Nano catalyst was prepared by thermal decomposition method, it is a method that chemical

decomposition of substance into constituents by heating. A solid material is heated beyond its

decomposition temperature. CaO Nano catalyst was prepared by sol gel method. This method is a wet

chemical technique that uses chemical solution to produce an integrated network(gel).

2.6 Catalyst characterization
The synthesized catalysts properties were characterized by X-ray diffraction (XRD) for identification of

major components and for the determination of crystallite size.

2.7 Biodiesel Preparation
90ml of methanol poured into 250ml conical flask. The Sodium hydroxide 4g added with methanol

solution. The mixture was shaken for 1 hour until catalyst fully dissolved in methanol. This is known as

alkoxides sample. The alkoxides sample was added methanol 90ml and oil sample 90ml 1:1 ratio at

60°C, beyond this heat level it will leads to coagulation of oil sample. The transesterification reaction

started at this movement. The reaction mixture was kept for 2 hours in shaker. After this sample was

kept for layer separation by separator funnel. This experiment was also done in waste cooking oil using

two types of catalysts Nano CaO and Nano MgO, in different ratio.

2.8 Nano CaO preparation
10 gram Ca(NO3)2 was dissolved in 25ml of ethylene glycol mixed by magnetic stirrer. 2 gram NaOH

dissolved in 25ml distilled water added to the solution in the magnetic stirrer. Keep the solution in

magnetic stirrer for 2 hours so that a clear white gel was obtained. The white gel was left over for extra

2 hours at room temperature for the reaction to complete. Then after 4 times of being washed with

water, NaOH was excreted. After that the gel was heated up to 80°C for 2 hours so that the water

content could be vapourized and the gel concentrated. The resulting dry gel was milled in the form of

white powder. The produced 12g powder was put in the cruse and into the oven which was gradually

heated up to 500°C for 2 hour for decarbonization.
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2.9 Nano MgO preparation

1.5 gram Mg(NO3)2 was dissolved in 50ml distilled water, mixed by magnetic stirrer. 0.5 gram NaOH

was dissolved in 25ml distilled water, added to the solution in the magnetic stirrer. Keep the solution in

magnetic stirrer for 2 hours so that a clear white gel was obtained. The white gel was left over for extra

2 hours at room temperature for the reaction to complete. Then after 4 times of being washed with

water, NaOH was excreted. After that the gel was heated up to 80°C for 2 hours so that the water

content could be vapourized and the gel concentrated. The resulting dry gel was milled in the form of

white powder. The produced 5g powder was put in the cruse and into the oven which was gradually

heated up to 500°C for 2 hour for decarbonization.

2.10 Preparation Of Sample
Waste Cooking Oil (used cooking oil) was Collected from restaurants and hotels. It is stored in a bottle

and left over 3 day for settling down of impurities like food partices.

2.11 Process of reaction
100ml wco sample collected and filtered, heated upto 60°C meanwhile 1 gram nano catalyst (CaO) was

dissolved in 20ml methanol, the dissolved catalyst solution is added to the heated wco which was

placed under magnetic stirrer, keep in magnetic stirrer for 30minutes. After that sample was kept for

layer separation by separator funnel. Top layer is considered as fatty acid methyl ester (biodiesel) in the

conical flask and bottom layer is considered as glycerol in the beaker.

2.12 Transesterification steps
Take 100ml of Waste Cooking Oil sample. Preheat the sample at 50-60°C .Take 20ml of methanol and 1

gram of Nano CaO which was prepared earlier, mix it well in the conical flask.The sample is kept in

magnetic stirrer at 50-60°C , the solution in the conical flask is added to the sample in magnetic stirrer.

Maintain a speed of 890rpm and reaction is continued for above one and half an hour. After reaction

time is completed, this mixture send to the separating funnel for glycerol settling down, the glycerol

mixture in biodiesel settle in separating funnel with in 6- 12 hours. Remove the glycerol from the

separating funnel and biodiesel is send to washing. The non polar methyl ester molecules making up

the biodiesel do not mix with thempolar glycerol molecules and the mixture of products will separate

into two layers with the less dense biodiesel floating on top of the more dense glycerol layer. The

method of removing glycerol is mainly by gravity separation or centrifugation. In this process the layers

are separated with the help of separating funnel which is known as gravity separation.

2.13 Washing and Drying

After biodiesel and glycerol are separated, trace amount of glycerine remain in the biodiesel. It is a

process of washing biodiesel of its contaminants. These contaminants include trace amounts of

methanol, soap, glycerin and catalysts. They are washed out with warm water. Dry washing is another

most regularly used technology in the dynamics of biodiesel purification process. After the biodiesel is

washed, it should be dried until it is crystal clear. This can be done by heated about 50 °C for few hours.

III. RESULTS AND DISCUSSION

3.1 Biodiesel
Biodiesel is the generic name for the family of diesel fuel alternatives produced by transesterification of

oils from agricultural feed stock. Waste cooking oil themselves from triglycerides as shown in Fig 3.1.1,
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which are esters derived from long chain fatty acids and polyalcohol glycerol. Some of the fatty acids

have unsaturated chains. Fatty acid methyl ester is also called as biodiesel.

Fig.3.1: Biodiesel produced from

WCO using combination of Nano CaO and Nano MgO

3.2 Analysis of Nanoparticles
The application of XRD showed that the crystal structure of the particles was cubic. Additionally, the

comparison of the obtained peaks and source peaks indicated that the CaO NPs were synthesized and

average particle size was calculated 61 nm according to Scherer’s equation (Fig:3.2.1). Also, the

comparison of the obtained peaks and source peaks indicated that the Mgo NPs were synthesized and

average particle size was calculated 69 nm according to Scherer’s equation ()

D = crystallite size.

β

hkl = broadening of the hkl diffraction peak, measured at half of its maximum intensity.

Θ = Braggs angle.
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Fig 3.2: Flamming test for biodiesel obtained fromWCO using combination of Nano CaO and

Nano MgO



k = shape factor.

λ = wavelength of radiation.

Fig.3 .3: XRD analysis of presence of Nano CaO

Fig.3.4: XRD analysis of presence of Nano MgO

3.3 Optimization of Reaction Conditions by RSM
Parametric effects such as temperature, reaction time, sample ratio, catalyst ratio and stirring speed are

all important factors in the transesterification of waste cooking oil using Nano catalyst CaO and MgO.

Their effect on waste cooking oil FAME yield was illustrated in Fig 3.3 to Fig 3.8 below.Experimental

runs were carried out by a combination of the five variables resulting in a total 32 experimental runs

best of 10 runs are presented in Table 3.1,Table 3.2 and Table 3.3.
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Table 3.1: RSM Prediction using Nano CaO

3.4 Maximum yield using Nano CaO:
A maximum yield of 78.58% was obtained using optimum operating parameters of temperature 70°C,

reaction time 90minutes, catalyst ratio 8g, sample ratio 90 ml and stirring speed 400 rpm.The effect of

the different parameters on the actual yield RSM prediction is reported in table 3.2. It was observed

that run 10 had the highest actual yield of 78.58% with reaction parameters, temperature 70 °C,

reaction time 90minutes, catalyst ratio 8 g, sample ratio 90ml and stirring speed 400rpm.

Table 3.2: RSM Prediction using Nano MgO

L
on

d
on

 J
ou

rn
al

 o
f 

R
es

ea
rc

h
 in

 S
ci

en
ce

: N
at

u
ra

l a
n

d
 F

or
m

al

©2024 Great Britain Journals PressVolume 24 | Issue 5 | Compilation 1.046

Analysis of Novel Nanocatalyst to Enhance Fame Volume



3.5 Maximum yield using Nano MgO catalyst
A maximum yield of 78.58% was obtained using optimum operating parameters of temperature 55°C,

reaction time 60 minutes, catalyst ratio 2 g, sample ratio 85 ml and stirring speed 590rpm.The effect of

the different parameters on the actual yield RSM prediction is reported in table 3.3. It was observed

that run 1 had the highest actual yield of 78.58% with reaction parameters, temperature 55°C, reaction

time 60 minutes, catalyst ratio 2 g, sample ratio 85ml and stirring speed 590rpm.

Table 3.3: RSM Prediction using Nano CaO and MgO Catalyst

3.5 Maximum yield using Nano CaO and MgO catalyst
A maximum yield of 81.23% was obtained using optimum operating parameters of temperature 60°C,

reaction time 67 minutes, catalyst ratio 1.2g, sample ratio 100ml and stirring speed 575rpm.The effect

of the different parameters on the actual yield RSM prediction is reported in table 3.3 . It was observed

that run 18 had the highest actual yield of 81.23% with reaction parameters, temperature 60 °C,

reaction time 67 minutes, catalyst ratio 1.2g, sample ratio 100 ml and stirring speed 575rpm.
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3.6 3D response surface plot of the effects of variables

Fig 3.5: Effect of Reaction time and temperature

Fig 3.6: Effect of Reaction time and temperature
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Fig 3.7: Effect of Catalyst ratio and temperature

Fig 3.8: Effect of Stirring speed and temperature

3.7 Analysis using Design Expert (RSM)
➢ The interactive effects of adjusting the process variables within the design space were monitored

using 3D surface plots. The analysis and optimization of waste cooking oil using nano catalyst CaO

and MgO transesterification were completed using the Design Expert 8.0.7.1 and the graphical

solutions presented in Fig 3.5 to Fig 3.8.

➢ Interactive ffect of temperature and reaction time on the yield shown in Fig 3.5.

➢ Effect of varying sample ratio and temperature on waste cooking oil transesterification shown Fig

3.6.

➢ Effect of varying catalyst ratio and temperature on waste cooking oil

➢ transesterification shown in Fig 3.7.

➢ Surface plot of the effect of interacting varying temperature and stirring speed

➢ shown in Fig 3.8.

➢ Surface plot of the interaction sample ratio and reaction time shown in Fig 3.5.

➢ Effect of interaction of catalyst ratio and reaction time shown in Fig 3.6.
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3.8 Physical Properties of Biodiesel from Waste Cooking Oil using Nano Cao and Nano Mgo
Catalysts

Table 3.4: Comparison of obtained Biodiesel and Diesel physical properties

➢ The flash point of base diesel and obtained biodiesel are mentioned in table 3.4,

➢ the obtained biodiesel has flash point as 150°C.

➢ The viscosity of base diesel and obtained biodiesel are mentioned in table 3.4,

➢ the obtained biodiesel has viscosity as 4.8 mm22/s.

➢ The cloud point of base diesel and obtained biodiesel are mentioned in table 3.4,

➢ the obtained biodiesel has cloud point as 4°C.

➢ The pour point of base diesel and obtained biodiesel are mentioned in table 3.4,

➢ the obtained biodiesel has pour point as -5°C.

➢ The density of base diesel and biodiesel are mentioned in table 3.4, the obtained

➢ biodiesel has density as 0.89 gr/cm3.

窗体底端

IV. CONCLUSION

The findings demonstrate that the use of heterogeneous catalysts, specifically nano catalysts CaO and

MgO, holds significant promise for biodiesel production. One of the primary advantages lies in catalyst

regeneration, contributing to reduced catalyst costs and a simplified separation process, thereby

lowering overall production costs. The results suggest that Nano CaO exhibits superior performance in

terms of efficacy, reaction duration, repeatability of used catalyst weight percentage, methanol amount,

and biodiesel production mass yield compared to self-combustion Nano MgO, attributed to its basic

nature.While Nano MgO alone may not effectively catalyze transesterification due to its weaker basic

affinity, when combined with Nano CaO, its surface structure enhances basic properties, making it a

suitable base for the catalyst. This increased CaO contact surface results in a significant boost to

transesterification reaction yield. Higher proportions of Nano CaO to Nano MgO further enhance

biodiesel production mass yield. Additionally, the combined catalyst demonstrates better repeatability

than Nano CaO alone.
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