
ROLE OF NANOPARTICLES FOR PRODUCTION OF 

BIODIESEL 

 

A Synopsis submitted to Gujarat Technological University 

 

for the award of  

 

Doctor of Philosophy  

in 

Chemical Engineering 

by 

HIRAL N. PANDYA 

[169999911001] 

 

Under supervision of 

DR. SACHIN P. PARIKH 

 

GUJARAT TECHNOLOGICAL UNIVERSITY, 

AHMEDABAD 

[February 2022] 

  



2 
 

Index 

 

Contents 
Abstract ................................................................................................................. 3 

Brief description .................................................................................................... 3 

Definition of the Problem ..................................................................................... 4 

Objectives of the Work ......................................................................................... 5 

Scope of the Work ................................................................................................. 5 

Original contribution by the thesis ........................................................................ 6 

Methodology of Research, Results / Comparisons ............................................... 6 

Achievements with respect to objectives ............................................................ 17 

Conclusion .......................................................................................................... 17 

Publications ......................................................................................................... 19 

Patent Publication ............................................................................................... 20 

References ........................................................................................................... 21 

 

 

  



3 
 

ROLE OF NANOPARTICLES FOR PRODUCTION OF BIODIESEL 

ABSTRACT 

It is an undeniable fact that the continuous decline of fossil fuels is bad for the majority of us. 

It becomes critical to have other resources available. Biodiesel is a green fuel made using a 

'transesterification' process that involves the use of oil (triglycerides) and methanol, as well as 

homogeneous and heterogeneous catalysts. In this study, Cobalt doped Zinc Oxide (CZO) 

nanoparticles are used for dual step esterification – transesterification processes, which have 

never been studied before for Karanja Oil, as well as a detailed analytical study using XRD, 

FESEM, BET, and EDAX on the catalyst, which has never been done before in the literature. 

The CZO particles are manufactured utilizing the co-precipitation process, which provides 

particles with a size of 75nm and includes the catalyst's reusability. The best process parameters 

were found by experimentation, and FTIR was used to analyse the composition of oil and 

biodiesel. The technical aspects of CZO synthesis, such as the benefits of easy Glycerol 

separation and reduced impurities in the final product, make this process more commercially 

suitable for Karanja Oil Biodiesel synthesis, and the findings will encourage the use of CZO 

nanoparticles for other oil biodiesel production as well. Result shows that under optimized 

condition of transesterification, 1:25 M ratio of oil: methanol, 0.3 wt.% catalytic concentration, 

70ºC reaction temperature, 180 min time of reaction and 500 rpm of stirring speed FAME 

conversion was 98.5 ± 0.5%. 

Key Words: Biodiesel, Co doped ZnO, Transesterification, Nanoparticles 

BRIEF DESCRIPTION  

Biodiesel is a green fuel produced by a chemical process known as "transesterification," which 

uses oil (triglycerides) and methanol, as well as homogeneous and heterogeneous catalysts. 

(Shaaban, 2016) The use of homogeneous catalysts like NaOH or KOH (Zabeti et al., 2009) brings 

with it issues including soap generation  (Leung et al., 2010), difficulty extracting catalysts from 

the mixture, and higher prices. To overcome these challenges, many basic and acidic 

heterogeneous catalysts such as ZnO, CaO, MgO, and others have been observed and used for 

biodiesel production. However, such catalysts have disadvantages such as mass transfer 

resistance, time consumption, quick deactivation, inefficiency in the catalytic process, and, 

most significantly, they are environmentally hazardous (di Serio et al., 2008; Semwal et al., 



4 
 

2011). These issues can be avoided by using nano-sized metal oxide particles as catalysts. Most 

of the transesterification problems can be solved using nanoparticles with a large specific 

surface area, high catalytic activity, and good selectivity (Akia et al., 2014; Judai et al., 2003; 

Mohamed et al., 2012). Nanoparticles have the potential to improve product quality and 

achieve optimal operating conditions in such processes.  

Karanja which have been used in this study is the second most popular non-edible oil for 

Biodiesel production in the Indian subcontinent; with the current crop, over 55,000 tonnes of 

oil can be extracted per year (Kumar et al., 2018; Nabi et al., 2009; Naik et al., 2008). 

Furthermore, studies conducted over the last two decades have revealed that using a 

heterogeneous solid catalyst is the most commercially viable, cost-effective, produces almost 

pure biodiesel, is easy to use, recycle, and is environmentally beneficial. 

In this study, Various nanoparticles were employed with Sunflower oil and Karanja oil, 

including ZnO, silica supported ZnO, TiO2, and co doped ZnO, however only Co doped ZnO 

was able to convert oil into biodiesel. For biodiesel generation, non-edible Karanja oil and 

methanol are reacted with Co doped ZnO nanoparticles. The co precipitation process is used to 

make Co doped ZnO nanoparticles. XRD, FESEM, EDAX, and BET are used to examine 

nanoparticles in depth. The nanoparticles obtained have a size of 75 nm. They are in 

agglomerated form with green ovel shape. The esterification process was done using sulfuric 

acid to reduce the high acid value (> 13) Karanja oil. The treated Karanja oil is used with Co 

doped ZnO nanoparticles and methanol to produce biodiesel using transesterification process. 

The obtained biodiesel is tested with 3/27 test. The physical properties are checked and 

compared with standards. The functional groups of biodiesel (Fatty Acid Methyl Acid) are 

characterized with FTIR. 

Research Gap  

Based on a thorough review of the literature, basic NaOH, KOH, acidic sulfuric acid, various 

heterogeneous catalysts such as MgO, ZnO, CaO, and other heterogeneous doped - undoped -

impregnated, mixed metal oxide naocatalysts have been used to produce biodiesel from various 

edible and non-edible oils via the transesterification reaction. However, combination of 

nonedible Karanja oil, methanol, and Co doped ZnO have never been used to make biodiesel. 



5 
 

DEFINITION OF THE PROBLEM 

In this research work, biodiesel also known as Fatty Acid Methyl Ester (FAME) is produced 

using nonedible Karanja oil, methanol with Co doped ZnO nanoparticles as catalysts. Here, 

esterification transesterification dual process is used for biodiesel production. 

OBJECTIVES OF THE WORK 

The objective of the work is to synthesize biodiesel using nonedible Karanja oil, methanol and 

Co doped ZnO Nanocatalysts. 

SCOPE OF THE WORK 

• To synthesize 10% Co doped ZnO Nanoacatalysts using co precipitation method. 

• To Characterize nanoparticles using X-Ray Diffraction (XRD), Scanning Electron 

Microscopy (SEM), Brunauer–Emmett–Teller (BET), Particle Size Analysis (PSA) and 

Energy dispersive x-ray analysis (EDX). 

• To characterize the Karanja oil using Mass Spectroscopy (MS), Fourier Transform 

Infrared Spectroscopy (FTIR). To check the physical properties of oil like density, 

viscosity, colour, acid value. 

• To perform esterification reaction using sulfuric acid for high acid value Karanja oil to 

get acid value of oil <2. 

• To optimize the parameters like oil methanol ratio, temperature and time of reaction, 

sulfuric acid loading for esterification reaction. 

• To Perform Transesterification reaction with acid treated Karanja oil and methanol 

using Co doped ZnO nanocatalysts to synthesize biodiesel. 

• To optimize the parameters like oil methanol ratio, temperature and time of reaction, 

co doped ZnO loading for esterification reaction. 

• To regenerate and reutilize nanoparticles. 

• To characterize the biodiesel using Fourier Transform Infrared Spectroscopy (FTIR). 

To check the petroleum properties like viscosity, flash point, pour point, calorific value 

and match with standards. 
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ORIGINAL CONTRIBUTION BY THE THESIS 

Nowadays, the depletion of fossil fuels and their rising costs have prompted the search for a 

new fuel source, which might be biodiesel. Using a dual stage esterification – transesterification 

synthesis, biodiesel is made from non-edible Karanja oil and Co doped ZnO. Karanja oil and 

its methyl ester have been investigated physicochemically and determined to be within the 

permitted IS range. According to the research conducted for this procedure, Cobalt doped Zinc 

Oxide could be an appealing alternative heterogeneous catalyst for the manufacture of 

economically viable biodiesel. 

METHODOLOGY OF RESEARCH, RESULTS / COMPARISONS  

Materials 

For the study mentioned here, Karanja Oil (C16:1,) was purchased from Zapack international, 

noted manufacturers of flavour and fragrance essential oil and oleoresin. Zinc Acetate 

(Dehydrate), Sodium and Potassium Hydroxide Pellets and Cobalt (III) Acetate Tetrahydrate, 

all LR grade, were acquired from Oxford Laboratory (ISO:9001-2008), Thane, Maharashtra. 

Ethanol (>99.5% v/v C2H5OH) was bought from Ureca Consumers Co. Op. Stores Ltd., 

Ahmedabad manufactured by Shree Chalthan Vibhag Khand Udyog Sahkari Mandali Ltd., 

Surat, Gujarat, India (A sugar manufacturing unit) and Methanol (LR grade) was purchased 

from Rankem Ltd., India. 

Selection of oil and nanoparticles 

Due to the legislation, it was necessary to find the nonedible oil source. Lot of work has been 

done on Jatropha oil so, Karanja oil was selected for the transesterification reaction. The acid 

value of the Karanja oil was very higher. The working capacity of the nanoparticles could not 

be checked with Karanja oil. So, zero acid value refined Sunflower oil was used initially. The 

nanoparticles like ZnO, Silica Supported ZnO, TiO2 could not convert Sunflower oil to 

biodiesel. These nanoparticles could not obtain basic pH with methanol. Only Co doped ZnO 

was able to obtain desired basic pH with methanol. So, first Co doped ZnO was used with 

Sunflower oil and then with Karanja oil. 
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Catalyst Preparation 

 

Co-precipitation is the most lucrative of all techniques for synthesizing ZnO powders of 

uniform particle size distribution. Absolute and Co doped ZnO nanoparticles were prepared by 

the reaction of Zn2+, Co2+ and OH− in presence of methanol. The first step in catalyst 

preparation involves making of 140 mmol (7.8554 gm) of KOH in 100 ml of methanol, this is 

mixture is thoroughly mixed using the magnetic stirring, accompanied by continuous heating 

at 52 ºC for 120 min. In the second step 10 at.% Co doped ZnO 20.1 mmol (4.41195 gm) of 

Zinc acetate dehydrate and 2.4 mmol (0.597792 gm) of cobalt acetate tetra hydrate in 100 ml 

of methanol were taken. The KOH solution was added to the solution containing zinc acetate 

dehydrates and cobalt acetate tetra hydrates with constant stirring while heating at 52 ºC for 

120 min. Next, the mixture is cooled to room temperature and aged for 2 days. The precipitate 

formed was separated by filtration and washed several times with distilled water followed by 

ethanol. Lastly, it was dried in air at 125 ºC to obtain the nano crystalline powder.(Nair et al., 

2011) The advantages of using Co doped ZnO nano-particles include: 

(1) It has got magnetic properties, whereas ZnO alone do not possess them. 

(2) Adding Co doped – ZnO particles in Methanol gives significant rise in basicity of the 

mixture, whereas using only ZnO particles did not led to desired degree of alkalinity 

and overall mixture remained partially acidic in nature which is not capable to convert 

oil into biodiesel.  

(3) Further, Co doped ZnO particles possess certain hydrophobic properties that provides 

better catalyst separation from the product mixture. 

Catalyst Characterization 

The catalyst characterization started with Energy-dispersive analysis of X-rays (EDAX) 

analysis which is used to give chemical composition of the catalyst used. The scanning energy 

for EDAX analysis was from 0 to 14 keV with an elapsed time of 30 sec. To identify the 

crystalline nature of Co dopped ZnO catalysts, X-ray diffraction (XRD) patterns for catalyst 

samples were analysed using Cu-Kα source equipped with DteX250(H) detector. The analysis 

was performed at 2θ angle ranging from 5º to 100º at a scanning speed of 10º/min. The second 

derivative peak search method was employed. Zinc Oxide nanostructured particles doped with 

Cobalt were prepared by chemical route technique. Further, to understand the surface 

morphology, Field Emission Scanning Electron Microscope (FESEM) was performed, using 

Hitachi – PU model, with specifications as 5kV, 7.2nm x 60.0k, x80.0k and 120.0k, LA30(UL). 
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The specific surface area of the CZO catalyst sample (0.084 g) was measured by Brunauer–

Emmett–Teller (BET) method using low temperature N2 adsorption–desorption (micrometrics 

3Flex Version 4.03). The sample was tested for pore volume and pore size distribution using 

BJH (Barret, Joyner and Halenda) method. The analysis bath temperature was -196.118 ºC, the 

ambient free space was 20.5 cm2, analysis free space was 63.98 cm2 and equilibrium interval 

of 10 s. The Fourier Transformed Infrared (FTIR) spectra were recorded in KBr (0.3% w/w) 

disks in the wavelength region of 4000–400 cm-1 with a Perkin Elmer 1760 X FT-IR 

spectrometer. The FTIR was done to study the to investigate the chemical structure of the oil 

and the biodiesel. 

Esterification of edible Sunflower oil 

First Co doped ZnO nanoparticles used with edible Sunflower oil and methanol for 

transesterification reaction and optimum parameters found were 1:12 M ratio of oil: methanol, 

0.3 wt.% catalytic concentration, 65ºC reaction temperature, 90 min time of reaction and 500 

rpm of stirring speed FAME conversion was 99.5 ± 0.5%. 

Method Involved with Karanja oil 

In the current study, we have produced Karanja oil biodiesel using dual step esterification – 

transesterification process, the premise of conducting esterification is that the acid value of oil 

used is 13.7, as tested using IS 548 (part 1) 1964. Other tests performed on oil include Gross 

Calorific Value (GCV) (kcal/kg), Saponification Value and Iodine value following the 

procedures under IS:1448, IS 548 (part 1) 1964 and IS 548 (part 1) 1964, respectively. These 

tests were successfully performed at Gujarat Laboratory (Ahmedabad).  

Acid Catalysed Esterification 

The esterification is performed in presence of conc. Sulfuric acid (98% assay) as catalyst, with 

3.2 wt.% of catalyst loading, and (1:4 to 1:22) varying oil to methanol molar ratio (for each set 

of experiments) (oil and methanol are pre-mixed), thoroughly mixed for 30 minutes, which is 

then mixed with preheated Karanja Oil in a round bottom flask with modified PTFE made 

agitator blade and glass stirrer to enhance the mixing amid high viscosity and particle 

suspension at 500 rpm for 150 min (REMI). The experimental setup fabricated by Tex 

Technology Exchange Pvt. Ltd., Ahmedabad, India is shown in figure 1., the temperature of 

the reaction mixture is maintained between 58 – 62 ºC (however, to identify the optimum 

temperature reactions were also carried out between the temperature range of 50 to 75 ºC), in a 
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rheostat-controlled heating mantle. The details of the Equipment setup are mentioned in Table 

3. The reaction mixture is then carefully transferred in a separating funnel, making sure there 

are no losses, due to human error. To this mixture, a known amount of methanol is added. The 

mixture is then allowed to stay still, thus the impurity of oil settles down. Two distinct layers 

of oil and methanol appears which can be separated. The acid value of the oil is thus measured, 

to get accountability of esterification reaction conversion.  

  

Figure 1: Image of Experimental Setup                             Figure 2: Image of Ultra-centrifuge  

Transesterification of oil 

The oil with reduced acid value is now ready to be converted into useful biodiesel. For this 

process, as discussed previously, Cobalt dopped Zinc Oxide nanoparticles are used, and the 

process parameters are optimized for the same. The process begins with pre-heating of oil at 

80 ºC for 60 mins and, on the other side, the Co doped ZnO nanoparticles are slowly stir added 

in the methanol and is also heated at 50 ºC for 60 mins, this forms a basic mixture. Now the 

raw materials i.e., Methanol – Catalyst mixture and Oil are made to react with each other at 

varying process parameters such as oil: methanol, temperature, time and CZO particle loading, 

at ambient isobaric conditions, to obtain the optimized parameters. After the completion of 

reaction, the mixture is transferred in centrifuge (bought from LALCO Scientific Instruments 

(ISO 9001:2008 certified)) to separate nanoparticles, the image of ultra-centrifuge is shown in 

figure 2. The mixture is than taken in separating funnel to get separate layers of biodiesel, 

glycerol and methanol, as done during esterification. The lower layer is of glycerol, upper layer 

is of methanol and middle layer is of biodiesel. The conversion of biodiesel is estimated using 

3/27 test of biodiesel. 
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Catalyst Regeneration 

The heterogeneous catalyst was regenerated so that it could be used in the next batch. The first 

stage was an alcohol wash, preferably with methanol/ethanol, to remove any unwanted clings, 

followed by a thermal treatment in an oven at 200 0Cfor 150 minutes. 

RESULTS AND DISCUSSION 

Beginning with untreated Karanja oil, which is used as raw material for biodiesel production. 

The GCV was 9400 kcal/kg, Saponification Value was 189 and Iodine value 84.89. The 

molecular weight of oil is around 960 calculated using formula - ((56.1*3*1000) / 

(Saponification value – Acid value)). These values almost coincide with the values reported in 

literature.(Singh et al., 2016) The properties of biodiesel obtained after process are GCV: 8821 

kcal/kg, viscosity: 4.02 cP @ 40 ºC, flash point: 135 ºC and cloud point: -1ºC. 

Catalyst Characterization 

Energy-dispersive analysis of X-rays (EDAX) examination was performed from 0 to 14 keV 

with a 30 second elapsed period to verify the chemical composition of the catalyst utilised. 

Figure 3 depicts the analysis as a graph. The catalyst sample was found to include three 

components: Co, Zn, and O, with atomic constituencies of 3.33 percent, 30.48 percent, and 

66.18 percent, respectively, and normalised weight percentages of 6.05 percent, 61.36 percent, 

and 32.59 percent respectively. 

 

   

Figure 3: Graph of Compositional Analysis using EDAX             Figure 4: XRD Diffractogram of Co doped ZnO 

The XRD pattern, diffractogram shown in figure 4, obtained reveals crystallinity with major 

peaks at 2θ values 9.91º, 36.31º, 31.80º, 34.48º and 62.89º, 47.58º for the ZnO and Co particles 

respectively, corresponding to database 2θ values of JCPDS card No. 36-1451, exhibiting 
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cupric phase of the material with monoclinic lattice system. The average grain size of the 

particles was estimated using Scherrer formular to be 75.12 nm. 

Agglomeration of nanoparticles may be seen in the FESEM image of Co doped ZnO. The Co 

doped ZnO nanoparticles have a spherical form with a diameter of <100 nm, as determined by 

FESEM pictures at 500 nm scales. Agglomeration is a tendency of Co doped ZnO 

nanoparticles, according to research. Figure 5 displays the images.

 

Figure 5: Images of FESEM Analysis done for scale range of 400nm and 500nm. 

The BET surface area for catalyst was found to be 5.2371 m²/g. The test results for pore volume 

revealed that Single point adsorption/ desorption total pore volume of pores less than 1,954.902 

Å width at P/Po = 0.990105040 is 3.137401 cm³/g. Further, BJH Adsorption/ Desorption 

cumulative volume of pores between 10.000 Å and 3,000.000 Å width is 3.137408 cm³/g. 

Moving to pore size, Adsorption/ Desorption average pore diameter (4V/A by BET) is 

23,963.118 Å, while BJH Desorption average pore width (4V/A):130.920 Å, BET analysis 

graphical representation is demonstrated in figure set 6. 
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Figure 6: BET Analysis Graph deducing pore size, volume, and adsorption/desorption isotherms. 

The FTIR spectra of Karanja oil shown in figure 7, has an intense peak at 1745 cm-1 which 

indicates the presence of the ester compound -C=O stretching. The strong absorption peaks 

between 3300 – 2500 cm-1 indicates carboxylic acid compound with O – H stretching usually 

centred on 3000 cm-1. The strong and wide absorption peaks between 1210 – 1163 cm-1 

indicates ester compound with C – O stretching. A weak absorption band between 890 – 740 

cm-1 indicates C – C bending.  

 

Figure 7: FTIR analysis graph of Karanja Oil          Figure 8: FTIR Analysis Graph of Karanja Oil Biodiesel 

The FTIR of biodiesel shows complex spectra, as depicted in figure 8. The most intense peak 

at 1745 cm−1 indicates ester compound -C=O stretching and absorption peak at 1170 cm−1 

indicates ester compound with C – O stretching are the characteristic of the ester carbonyl 

stretch of biodiesel. The strong and wide absorption peaks between 1210 – 1163 cm-1 indicates 

ester compound with C – O stretching. The strong absorption peaks between 3300 – 2500 cm-

1 indicates carboxylic acid compound with O – H stretching usually centred on 3000 cm-1. A 

weak absorption band between 3700 – 3584 cm-1 indicates O – H stretching. A medium 

absorption band between 1420 – 1330 cm-1 indicates O – H bending with alcohol compound. 

A weak absorption band between 890 – 740 cm-1 indicates C – C bending. 

For Esterification Process 

Effect of oil: alcohol molar ratio 
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For a fixed quantity of oil (30 mL) and acid catalyst (1 mL of 98% sulfuric acid), given reaction 

time of 150 mins and 60 ºC temperature, with process conditions mentioned in previous section. 

After separating the reaction mixture and washing the oil layer with adequate methanol at room 

temperature, the acid value was determined. The washing removed a sufficient number of 

contaminants from the oil, which were most likely non-acidic lipids. Figure 9 shows the effects 

of different molar ratios of oil and methanol. It is clear from the graph that decreasing the 

amount of methanol in relation to oil below 1:10 degrades biodiesel conversion and restricts 

acid value reduction. However, for oil: methanol molar ratio between 1:13 and 1:22 gives 

conversion nearly same, thus other parameters need to verify to have trade-off between 

methanol quantity and processing cost. It is tactless to go beyond 1:20 ratio as it will cause 

methanol run away, separation hinderance, and promote saponification. The suggested 

optimum ratio is at 1:13 (oil: methanol volumetric ratio), where the acid value was reduced to 

1.8, this value is well below the permissible limits of ASTM.  

  

Figure 9: Effect of oil: methanol molar ratio on Acid Value reduction and oil conversion during 

esterification process at 60 degC after 150 mins. 

Effect of Catalyst Amount, Temperature and Time  

For 30 mL sample of oil, with 1:13 molar ratio of methanol at 60 ºC at 500 rpm for 150 minutes, 

the effect of varying catalyst load was noted. The results for variations are shown in figure 10. 

With catalyst loading of less than 0.5 mL practically no conversion takes place, and with 

increase in volume of acid, the acidity of the system increases, which prevents the conversion 

and limits the reaction. 

With 1:13 as oil: methanol ratio and for 150 mins of reaction time with given catalyst load of 

3.2 wt.% of oil (1 mL 98% of H2SO4 per 30 ml of oil) and constant stirring of 500 rpm, the 

variation in temperature for different reaction batches, yield different acid values. However, 

the optimum temperature was found to be 60 ºC. The result is summarized in figure 11. 
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To understand the effect of time, 1:13 oil: methanol molar ratio, 3.2 wt.% of Sulfuric acid 

catalyst at isothermal conditions of 60ºC, 500 rpm for varying time parameters, at atmospheric 

pressure were studied and results are shown in figure 12. The optimum time is around 150 min. 

 

Figure 10: Effect of volume of sulphuric acid added as catalyst for esterification process 

 

Figure 11: Effect of Temperature on Esterification of Karanja Oil with Sulphuric Acid as Catalyst 

 

Figure 12: Time dependency on esterification process of oil 
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For Transesterification Process 

Effect of oil: alcohol molar ratio 

For transesterification CZO nanoparticles were taken, preparation of same has been already 

mentioned. For isothermal conditions of 70 ºC with constant stirring for 180 min, the oil 

conversion to biodiesel was found by varying the oil: methanol ratios between (1:3 to 1:25), 

the results have been picturized in the figure 13. With decreasing quantity of methanol, the 

conversion rate of oil decreases. The optimum ratio is 1:25. 

  

Figure 13: Effect of oil: methanol molar ratio on Acid Value reduction and oil conversion during 

transesterification process at 70 degC after 180 mins. 

Effect of Catalyst Amount 

For 30 mL sample of oil, with 1:25 molar ratio of methanol at 70 ºC at 500 rpm for 180 minutes, 

the effect of varying catalyst load of (0.1wt% - 0.4wt%) was elucidated. No conversion was 

obtained for catalyst loading of less than 0.1wt% catalyst loading. Increasing the catalyst load, 

increases the conversion and maximum conversion is obtained at 0.3 wt.% of catalyst, beyond 

which there is not significant rise in conversion and it will also lead to increase in cost incurred. 

The results for variations are shown in figure 14.  

 

Figure 14: Effect of Co-ZnO catalyst loading on oil to biodiesel conevrsion 
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Figure 15: Effect of Temperature on transesterification process of Oil with Co-ZnO nanoparticles  

 

Figure 16: Time dependency on transesterification process of oil 
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methanol (60–70 0C). But for the heterogeneous catalysts system higher temperature will help 

to carry out the reaction fast. The result is summarized in figure 15. 
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conversion with time, and maximum conversion was obtained after 3h of reaction. After 3h, 

no further significant conversion was obtained, and reaction tends to limit itself. Here, oil 

methanol insoluble mixture and heterogeneous catalysts system requires proper amount of time 

to react and to be converted into biodiesel.  

Catalyst Reusability  

For CZO nano particles, its reusability was studied with respect to biodiesel conversion, and 

studied revel that conversion would decrease from 99% while using fresh catalyst to 95% with 

2nd run, 70% at 3rd cycle and 40% with 4th cycle, respectively.  

ACHIEVEMENTS WITH RESPECT TO OBJECTIVES  

The biodiesel is produced successfully using non edible Karanja oil and Co doped ZnO 

nanoparticles. The nanoparticles obtained successfully using chemical method in laboratory. 

characterized and found effective with Karanja oil for biodiesel production. The synthesized 

biodiesel matched with the standards. 

For this study, received award money of Rs.1500/- with certificate for best presentation of the 

session for "Biodiesel Production using heterogeneous nanoparticles (Co doped ZnO) and 

Sunflower oil" International Conference on "Green Chemistry and Engineering towards 

Sustainable Development-An Industrial Perspective" June 16 - June 18, 2021 in virtual mode 

at Sardar Vallabhbhai National Institute of Technology, Surat, Gujarat, India. 

Published a patent on “Biodiesel Preparation Device and Method Using Co doped ZnO 

Catalysts, Application number, 202121046521, 12/10/2021 

CONCLUSION 

In the present work, Cobalt doped Zinc Oxide, a green coloured, that turns liquid in slightest 

presence of moisture, which acts as heterogeneous catalyst has been synthesized by co-

precipitation method and characterized by XRD for particle size and structure analysis, BET 

for active surface area and volume values, FESEM for surface area morphology and EDAX for 

catalyst compositional verification. Under optimized condition of esterification, 1:13 M ratio 

of oil: methanol, 3.2 wt.% catalytic concentration, 60ºC reaction temperature, 90 min time of 

reaction and 500 rpm of stirring speed, acid value was about 1.8. Under optimized condition 

of transesterification, 1:25 M ratio of oil: methanol, 0.3 wt.% catalytic concentration, 70ºC 
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reaction temperature, 180 min time of reaction and 500 rpm of stirring speed FAME conversion 

was 98.5 ± 0.5%. The catalyst Co doped ZnO has been recovered and recycled thrice without 

appreciable loss in its activity and >65% conversion was sustained at the fourth run. The 

purified FAME was analysed by FTIR. The physicochemical property of Karanja oil and its 

methyl ester have been studied and found within prescribed IS prescribed range. From the 

studies made for this process, it has been affirmed that Cobalt doped Zinc Oxide could become 

an attractive alternative heterogeneous catalyst for production of economically viable 

biodiesel. 
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