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Abstract  -  The research article is based on biodiesel synthesis by the transesterification of waste cooking oil 
with methanol in the presence of heterogeneous catalysts prepared from different marble. Eight samples of marble 
were successfully converted into potential catalysts by calcination. The thermal treatment of waste marbles at 
300oC-1000oC converted the metal carbonates (CaCO3) to metal oxides (CaO). The calcined marble was analyzed 
by chemical tests, flame atomic absorption spectroscopy (FAAS), Fourier transform infrared spectroscopy (FT-
IR), and X-ray diffraction studies (XRD). The presence of CaO in these catalysts made them highly reactive for 
biodiesel synthesis. The basicity and percentage of calcium in marble catalysts were calculated to know their 
basic strength. The transesterification was performed by fast stirring using waste cooking oil, methanol and nine 
different types of marble catalysts for 5 min at five different conditions, i.e., room temperature, hot plate stirring, 
solar ordinary irradiations, solar concentrated reflected irradiations and solar concentrated refracted irradiations. 
The solid catalysts were easily separated from the product for re-use. All marble catalysts were found to be active 
and basic except one namely silver pun (I). The production of biodiesel was confirmed by ASTM standards, TLC 
examination and by gas chromatography (GC).
Keywords: Waste cooking oil; Waste marble; Heterogeneous catalyst; Transesterification; Biodiesel.

INTRODUCTION

The global society is worried about the energy crisis 
because of the limited availability of fossil fuels and 
environmental problems, mainly the increasing trend 
of global warming due to the emission of SOx and CO2 
from the combustion of fossil fuels (Nisar et al., 2017; 
Khan & Hussain, 2017). Because of environmental 
problems and fossil fuel depletion, the search for an 
alternative fuel has increased. One of the alternative 
energy sources among hydrogen, solar energy, wind 
energy etc. is biodiesel. Biodiesel is produced from 
renewable sources such as animal fats, vegetable oil, 

macro algae and microalgae. Biodiesel is fatty acid 
alkyl esters produced by the transesterification reaction 
from animal fats or vegetable oil. However, biodiesel 
production from edible animal fats and vegetable oil 
causes two main problems. One they are competitive 
with food and second their high price causes a high cost 
of biodiesel. Therefore, the most relevant and suitable 
renewable source for biodiesel production is waste 
cooking oil (WCO). It can be collected from household 
kitchens and restaurants at low price and hence can 
reduce the cost of biodiesel production (Maneerung et 
al., 2016; Khan et al., 2017; Khan & Fatima, 2015). 
Large quantities of WCO oil are produced all over the 
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world. Some fraction of the WCO oil has been used in 
preparation of soap but most of its quantity is dumped 
into landfills and rivers, causing land pollution and 
water pollution (Mahesh et al., 2015). Vegetable oil 
has been converted into biodiesel usually through 
conventional heating. Some other processes have been 
used for biodiesel production such as sonication, solar 
irradiation and microwave assisted transesterification. 
These have been used to intensify the reaction and 
to increase the biodiesel product in short time. 
Sonication speeds up the reaction through ultrasonic 
irradiation and enhances the biodiesel product, while 
in microwave assisted transesterification, the reaction 
mixture is irradiated with microwaves (Gude and 
Grant, 2013; Azcan and Danisman, 2008).

The main factor in biodiesel synthesis is the 
selection of the catalyst. Various catalysts, including 
homogeneous catalysts, heterogeneous acidic and 
basic catalysts and enzymes (Vahid & Haghighi, 
2017; Khan & Fatima, 2016; Charpe & Rathod, 2011), 
have been reported for biodiesel production. Among 
homogeneous catalysts NaOH, KOH and CH3ONa 
catalysts have been reported for transesterification. 
These catalysts are cheap and easily available but 
they have some drawbacks; these catalysts may 
cause saponification, which reduces yield of product, 
secondly they cause difficulty in separation of the 
glycerol and biodiesel layers. Acid homogeneous 
catalysts such as HCl and H2SO4 are free of such 
drawbacks but their reaction rate is slow (Talebian-
Kiakalaieh et al., 2013). All homogeneous catalysts 
(acid or base) are separated at the end of reaction by 
washing, which causes the reduction of product yield. 
Furthermore, such catalysts cause reactor corrosion 
and are difficult to recover. These problems can be 
overcome by replacing homogeneous catalysts with 
heterogeneous catalysts. Heterogeneous catalysts can 
be recovered at the end of reaction easily without 
the loss of catalytic activity and hence can be used 
repeatedly (Farooq & Ramli, 2015; Khan et al., 
2016). Heterogeneous catalysts are non-corrosive 
and good for environment. Various heterogeneous 
catalysts such as oxides, mixed oxides, phosphates, 
sulphates and chlorides etc have been reported for 
transesterification (Khan & Fatima, 2016; Pukale et al., 
2015). Heterogeneous catalysts reduce the purification 
process and hence result in the less consumption of 
energy. Heterogeneous catalysts are cost effective 
because they can be obtained from waste sources like 
bones, ashes, shells and rocks (Tan et al., 2015). A 
number of research articles have been published using 
calcium oxide (CaO) as a heterogeneous catalyst. CaO 
can be obtained from various waste sources such as 
bones, egg shells, scales, corals, calcite containing 
rocks and marble through the process of calcination 
(Bennett et al., 2016). In this research work waste 
marble has been used as a source of CaO, which is an 
effective catalyst for transesterification reaction.

Huge amounts of waste marble have been 
generated on construction sites and from marble 
cutting industries, which are used as landfill. The 
catalytic effect of waste marble for transesterification 
of WCO has not been investigated much until now 
(Balakrishnan et al., 2013). Transesterification of 
canola oil with methanol using marble dust as catalyst 
has been reported. Marble dust generated during the 
cutting process of marble affects health and causes 
environmental pollution (Ilgen, 2012). Waste marble 
has been also used as catalyst in transesterification of 
jatropha oil. The catalytic activity of CaO has been 
enhanced with barium metal (Olutoye, 2015). In this 
research work a detailed comparative study of nine 
different marbles is given, whereas in the literature an 
extensive comparison is not provided; therefore, it is a 
new contribution in this regard.

The approach of this research work is more significant 
because all the raw materials for biodiesel production 
are cost effective. The WCO can be collected at very low 
price and the waste marble used as a source of catalyst 
has almost no cost, although both have some processing 
cost. The biodiesel produced through this research work 
has comparatively less production cost. This work is 
new because it provided the detailed comparative study 
of nine different marbles. Their characterization with 
powerful tools including FAAS, FTIR and XRD was 
conducted, which is also a new addition in heterogeneous 
catalysis for biodiesel synthesis. This research work 
introduces a new approach using satellite dish and 
Fresnel lens, which intensified the solar radiation for the 
transformation of the conventional heat based reaction 
to the solar irradiation.

EXPERIMENTAL

Materials
Waste cooking oil was collected from local 

restaurants and different marble samples having the 
brand names China Verona marble (A), Ziarat White 
marble (B), Karara white marble (C), Dinocite marble 
(D), Chocolate-1 marble (E), Chocolate-2 marble 
(F), Botiseena marble (G), Afghani marble (H) and 
Silver Pun marble (I) were collected from the Korangi 
industrial area, Karachi, Pakistan (Figure 1). The 
methanol used was of analytical grade.

Figure 1. Marble collection site.
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Preparation of catalysts
Waste pieces of marble of nine different types (A 

to I) were collected from the Korangi industrial area, 
Karachi, Pakistan. The waste marble pieces were 
ground using a mortar and pestle. The ground marble 
samples were calcined in a furnace (made in China) 
at 300oC to 1000oC for different intervals so that the 
calcium carbonate was converted into calcium oxide. 
The silver pun marble (I) was melted at 700oC. The 
calcined marbles were filtered through a small pore 
size cloth to get the refined powder (Figure 2a and 
2b). The refined marbles powder was characterized by 
different techniques such as basicity test, gravimetric 
analysis, qualitative analysis, FAAS, FT-IR and XRD.

test, gravimetric analysis, qualitative analysis, flame 
atomic absorption spectroscopy (PE-A Analyst 700 
having wavelength range 200-800 nm, flame type Air-
C

2
H

2 
and fuel flow 10 L/min), Fourier transform infrared 

spectroscopy (Nicolet FTIR 5DX spectrometer using 
the KBr technique) and XRD (Bruker D8-Advance 
diffractometer). 

Basicity of catalysts
Basicity of the catalysts was determined by using 

the method of Frailer 2010. A 20% w/v solution of each 
catalyst (A to I) was prepared. Benzoic acid solution 
in toluene (0.01M) was prepared. Phenolphthalein 
indicator was prepared in toluene (1.5mg/mL). 
Solutions of each catalyst (1 mL) and phenolphthalein 
(0.5 ml) were placed in a conical flask and benzoic 
acid solution in the burette. The solution of each 
catalyst was titrated against benzoic acid. The volume 
of benzoic acid solution consumed was noted and the 
basicity of the catalyst determined as mill moles of 
benzoic acid per 100g of catalyst. On the other hand, 
a saturated solution of each catalyst was prepared and 
their pH was noted using a pH meter (JENWAY-3510 
pH meter).

Gravimetric analysis
Catalyst (0.2g) was mixed with distilled water 

(12.5ml) and conc. HCl (4.0 mL) was added. The 
mixture was stirred, covered and boiled. Then the 
solution was prepared by the addition of distilled water 
(125 mL). Methyl red (2 drops) was also added, the 
solution was covered and boiled. In another beaker, a 
solution of ammonium oxalate (8% w/v) was prepared 
and boiled. The solution of ammonium oxalate and 
NH4OH was added to the sample solution dropwise 
until orange precipitate appeared. The solution was 
filtered and the residue collected. The residue was 
charred at 1000oC and weighed for the CaO content. 
The process was repeated for all catalysts.

Qualitative analysis
Qualitative tests were performed on non-calcined 

and calcined samples of marble. Qualitative tests were 
limited to the detection of calcium and carbonate. To 
detect carbonate, diluted HCl was added to both non-
calcined and calcined marbles and the solution heated. 
For the detection of calcium, an original solution of 
both non-calcined and calcined marbles was prepared. 
A few drops of NH4OH and ammonium oxalate were 
added to original solution. The same procedure was 
followed for all the nine types of non-calcined and 
calcined marble.

Flame atomic absorption spectroscopy (FAAS)
Nine different samples of marble (A to I) were 

collected from the Korangi industrial area Karachi, 

Figure 2. Preparation of catalyst (a) and images of 
calcined marbles A to I (b).

A.

B.

Characterization of catalysts
The fine powders of catalysts of all samples were 

characterized by different techniques such as basicity 
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Pakistan. Each sample (15 g) was weighed on an 
electronic balance having accuracy of 0.001 g (A×200 
Shimadzu, Tokyo, Japan). Samples were dried in a 
furnace at 700±5°C for 6±1 hours to remove moisture; 
dried samples were further blended using a blender 
(National NG-786, 2004TG). Dried and blended 
samples were further powdered by crushing with a 
pestle and mortar. Powdered sample (15±0.01 g) was 
taken up in HNO3 (5 mL) and refluxed overnight. The 
refluxed samples were digested on a hot stirrer plate 
at 80 °C until a honey white yellow clear solution was 
obtained then 1-2 ml of HClO4was added in solution 
and digested again until homogeneous and clear 
solution obtained. The resulting solution was filtered 
through Whatman No.42 filter paper and further 
diluted to 50 mL using de-ionized water. The resulting 
solutions were used for the detection of Ca, Cd, Cu, 
Fe, Ni, Mg, K, Na, Pb and Zn by using an Atomic 
Absorption Spectrometer (Perkin-Elmer, Model: 
AAnalyst-700). 

To run samples; a series of standard solutions of 
metals having different concentrations were run and 
marble sample concentrations were determined by 
regression analysis. Each sample was analyzed in 
triplicate and the mean concentration of each sample 
was reported in mg kg-1 (ppm). The measurements 
were made using a hollow cathode lamp of Ca, Cd, 
Cu, Fe, Ni, Mg, K, Na, Pb and Zn at wavelengths (nm) 
of 422.7, 228.8, 324.8, 248.3, 232.0, 285.2, 766.5, 
589.0, 283.3 and 213.9 respectively. The slit width 
was adjusted for all the metals at 0.7nm (Table 1).

observed, creamy gummy particles that settled down 
in the lower layer while oil remained in the upper 
layer, which was then heated on a hot plate with 
constant stirring and the temperature was noted with 
a thermometer. After heating, a thick solution was 
observed, then cooled to room temperature and filtered 
again through Whatman filter paper. The oil was then 
passed through a chromatography column packed 
with silica gel (as stationary phase) using n-hexane as 
mobile phase (Figure3).

Table 1. Parameters used for metal analysis by flame 
atomic absorption spectrophotometer (FAAS) PE-
AAnalyst 700.

Purification of waste cooking oil
Waste cooking oil (250 mL) was filtered through 

ordinary filter paper to separate the gummy residues 
and solid waste particles. After filtration, the waste 
cooking oil was de-acidified with 10% NaOH solution. 
The gummy particles were settled down and were 
heated on water bath and filtered through Whatman 
filter paper. After filtration, the oil was treated with 
bleach (20 mL) for the removal of pigmentation and 
undesired particles. After bleaching, two layers were 

Figure 3. Experimental scheme for refining the waste 
cooking oil.

Characterization of waste cooking oil
Waste cooking oil was characterized by ASTM 

standards such as cloud point, pour point, density, 
viscosity and acid value (Table 5) as well as by gas 
chromatography (GC). Cloud point and pour point 
were determined by cooling the oil in a refrigerator. 
Density was determined by using a 20 mL RD bottle. 
The empty RD bottle was weighed and then oil was 
filled to the mark and again weighed; the mass was 
divided by the volume to give the density of oil. 
Viscosity was determined by using a viscometer. The 
acid value was determined by titrating the oil dissolved 
in an ethanol-toluene mixture against standardized 
KOH solution in ethanol. Phenolphthalein was used 
as indicator during the determination of the acid value.

Transesterification
Transesterification reactions of WCO with methanol 

in the presence of heterogeneous catalysts were carried 
out in five different conditions. Methanol to oil molar ratio 
(3:1 to 12:1) was investigated for optimization and all 
the reactions were carried out at a 12:1 molar ratio. Nine 
samples were prepared by taking waste cooking oil and 
methanol in each sample. About 0.5 g of each catalyst (A 
to I) was added separately in each sample. The reactions 
were carried out for 1-5 minutes at room temperature. 
The reaction mixtures were stirred continuously (50 
rpm) using a hot plate stirrer. The product mixtures so 
formed were separated using a separating funnel. The 
upper layer was separated as biodiesel (FAME) and 
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the lower layer was separated as glycerol. The same 
procedure was repeated for conventional heating, 
solar ordinary irradiations, solar concentrated reflected 
irradiations and solar concentrated refracted irradiations 
(Figure 4A-C). For conventional heating, reactions 

were conducted on a hot plate at 60oC. The reaction 
flasks were fitted with a reflux condenser. For ordinary 
solar irradiations reaction, flasks were kept under direct 
sunlight. The temperature found in this condition was 45 
to 50oC. For solar concentrated reflected irradiations, the 
sun light was reflected and focused using an aluminum 
coated satellite dish and the temperature was found to be 
80oC. For solar concentrated refracted irradiations, the 
sunlight was refracted and focused using a Fresnel lens. 
The temperature in this condition was found to be 100 
to 120oC.

Characterization of biodiesel
Biodiesel so produced was characterized by 

ASTM standards such as cloud point, pour point, 
density, viscosity, acid value (Table 5), thin layer 
chromatography (TLC) and gas chromatography. 
Silica gel was used as stationary phase while an 
n-hexane : toluene : chloroform (7:2:1) mixture was 
used as mobile phase. The spots of biodiesel and oil 
were visualized using anhydrous iodine crystals (silica 
gel was used in the iodine tank to create an anhydrous 
condition) (Figure 5a-5e).

RESULTS AND DISCUSSION

Transesterification of WCO oil was carried out 
with methanol in the presence CaO as heterogeneous 
catalyst. CaO was obtained from waste marble. The 
main constituent of marble is CaCO3. Marble contains 
above 91% CaCO3, which on calcination is converted 
into CaO releasing CO2 (Itodo et al., 2017). This 
CaO was used as an effective catalyst for biodiesel 
production from WCO.

Characterization of catalysts
Catalysts were characterized by basicity test, 

gravimetric analysis, qualitative analysis, flame 
atomic absorption spectroscopy (FAAS), Fourier 
transform infrared spectroscopy (FT-IR) and XRD. 
Basicity of each catalyst (A to I) was determined by 
titrating 20% w/v solution of catalyst with benzoic acid 
solution in toluene using phenolphthalein as indicator. 
Basicity was determined in milli-moles of benzoic 
acid per 100g of catalysts. Furthermore, the saturated 
solutions of each catalyst were prepared and their pH 
determined. The results showed that all catalysts were 
strongly basic except sample (I), which was found to 
be neutral. The high basicity values of all the samples 
showed that they can be used as an effective catalyst 
for the transesterification reaction (Table 2).

Gravimetric analysis of all the catalysts (A to I) was 
also carried out and the amount of CaO was calculated. 
The maximum amount of CaO (mg) was found to be 
0.200 mg for samples C and H, whereas it was found 
to be 0.184 mg and 0.194 mg for B and G respectively. 

Figure 4. Transesterification under solar ordinary 
irradiation (A), solar concentrated reflected irradiation 
(B) and solar concentrated refracted irradiation (C).
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Qualitative tests were performed for the detection 
of carbonate and calcium in each marble sample (A 
to I) for both non-calcined and calcined samples. 
For carbonate, when dilute HCl was added to the 
sample and the solution heated, CO2 was evolved 
from non-calcined samples, which showed the 
presence of carbonate, while no such observation 
was seen in calcined samples because CO2 cannot 
be produced from CaO. For calcium, when NH4OH 
and ammonium oxalate were added to the original 
solution of each sample (non-calcined and calcined), 
white precipitates of calcium oxalate were formed 
in both types of samples, which showed the 
presence of calcium. The metal concentrations in 
different samples were determined by flame atomic 
absorption spectroscopy, which were found in the 
order of Ca> K > Na > Ni > Mg >Pb> Fe > Cu > 
Cd > Zn (Table 3). Maximum concentration of Ca 
was found in the Zairat white marble sample (22.17 
mg.kg-1).

The presence of CaO in each calcined sample (A 
to H) was confirmed by FT-IR spectra (Figure 6A 
to 6H). The peak at 875 cm-1 shows the presence 
of CaO; peaks at 1420-1500 cm-1 are due to the 
stretching vibration of CO3

-2. The appearance of a 
peak at 3650 cm-1was attributed to the stretching 
vibration of OH. The presence of OH is most 
likely due to the adsorption of atmospheric water 
on the surface of calcined samples. The results of 
IR spectra of CaO are similar to those of calcined 
egg shells powder and calcined C. brunneus shell 
(Bharathiraja et al., 2018; Mazaheri et al., 2017). 
Similarly, the peaks at 1420-1500 cm-1 and 3650 cm-1 
for CO3

-2 and OH stretching, respectively, were also 
confirmed from IR spectra of calcined C. brunneus 
shell and calcined cement wastes (Mazaheri et al., 
2017; Kumar et al., 2018).

The XRD diffraction pattern of calcined samples 
(A to H) shows major peaks at 2θ equal to 26.771o, 
29.780o, 32.301o, 35.626o, 43.290o, 47.404o, 47.608o, 
48.418o, 54.029o (Figure 7A to 7H). It is evident that 
peaks at 2θ equal to 32.38o, 37.48o, 53.98o, 64.28o 
and 67.48o show CaO while 2θ= 29.5o shows CaCO3 
(Witoon, 2011).

Figure 5. TLC examination of FAME produced at 
room temperature (a), conventional heating (b), solar 
ordinary irradiation (c), solar concentrated reflected 
irradiation (d) and solar concentrated refracted 
irradiation (e).

Table 2. Parameters of calcined marbles.

From the amount of CaO in each catalyst, the 
percentage of Ca++ was calculated by the unity method 
(Table 2). The catalyst A was found to contain the 
highest percentage of Ca+2 (72.1 %), whereas samples 
C and H contained 71.0% and 70.0%, respectively. On 
the other hand, catalyst I did not contain any significant 
amount of CaO.
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Table 3. Determination of metal content (ppm) in marble samples by Flame Atomic Absorption Spectrophotometry 
(FAAS).

BDL = Below Detection Limits; SD = Standard Deviation.

To be continued

Transesterification
Waste cooking oil (WCO) is a waste product 

produced in restaurants and domestically and is 
usually dumped. It destroys the sewerage system as 

well as cause a serious threat for the environment. The 
conversion of WCO oil into useful products such as 
biodiesel is a very significant approach. It can reduce 
the burden on fossil fuels and also keep the environment 

A.

B.
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Figure 6. Continuation

To be continued

C.

D.

E.

F.
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Figure 6. FT-IR spectrum of calcined China Verona marble (A), Ziarat white marble (B), Karara white marble (C), 
Dinocite marble (D), Chocolate-1 marble (E), Chocolate-2 marble (F), Botiseena marble (G) and Afghani marble (H).

Figure 6. Continuation
G.

H.

To be continued

A. B.

C. D.
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Figure 7. Continuation
E. F.

G. H.

Figure 7. XRD pattern of calcined China Verona marble (A), Ziarat white marble (B), Karara white marble (C), 
Dinocite marble (D), Chocolate-1 marble (E), Chocolate-2 marble (F), Botiseena marble (G) and Afghani marble (H).

clean. WCO oil has been converted into biodiesel by 
a transesterification reaction. In the transesterification 
reaction, oil is converted into a small chain alkyl 
ester, i.e., biodiesel fatty acid methyl esters (FAME) 
or fatty acid ethyl esters (FAEE). Transesterification 
is a catalyst-dependent reaction. The catalyst plays 
a significant role in the transesterification reaction. 
In this research work, WCO oil has been converted 
into fatty acid methyl esters (FAME) using nine types 
of heterogeneous catalysts (A to I). All the catalysts 
were obtained from waste marble via calcination. 
The transesterification reactions with methanol in the 
presence of heterogeneous catalysts were carried under 
five different conditions, namely room temperature, 
conventional heating, solar ordinary irradiation, 
solar concentrated reflected irradiation and solar 
concentrated refracted irradiation. In each condition, 
transesterification reactions were carried out using 
nine types of catalysts separately. Each reaction was 
conducted for 1-5 minutes with continuous stirring 
to optimize the maximum % yield. After each minute 
the % yield was calculated and it was observed that 
the maximum yield of biodiesel is produced after five 
minutes (Table 4). The transesterification reactions 
of WCO with methanol at room temperature were 
carried out in ordinary shadow. Here no source of 
energy such as direct sun rays or conventional heating 
was provided. It was found that all the catalysts gave 

significant % yield of biodiesel at room temperature 
except (I), which remained inactive. The same reactions 
were also carried out by conventional heating. Here 
the energy was provided in the form of heat using a 
hot plate. The same reactions were also carried out 
under ordinary solar irradiations. Here the solar light 
provided the heat for the reaction. It was found that the 
% yield of biodiesel (FAME) increased under ordinary 
solar irradiation as compared to room temperature.

The nine reaction flasks containing WCO, 
methanol and different heterogeneous catalyst were 
kept under solar concentrated reflected irradiation. 
The solar radiation was reflected and concentrated 
by a satellite dish coated with aluminum foil. The 
reflected radiation was focused on the reaction flask. 
The reflected radiation was highly energetic, which 
enhanced the % yield of biodiesel significantly. 
Another series of reactions was conducted under solar 
concentrated refracted radiation for 1-5 minutes with 
continuous stirring. Here solar radiation was refracted 
by using a Fresnel lens (30 × 30 cm). The refracted 
solar radiation was focused on the reaction flasks. The 
refracted radiation was highly energetic and increased 
the % yield of biodiesel to a larger extent. Finally, the 
% yield of biodiesel was compared with respect to the 
catalysts. In all conditions, it was found that the % yield 
ranged from 80 to 96 % except at room temperature, 
where most of the catalysts gave a % yield below 80% 
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(Table 4). The % yield for transesterification reactions 
conducted under solar irradiation were also compared 
with those conducted by conventional heating and solar 
irradiation was a more significant source of energy 
than conventional heating. The solar concentrated 
reflected and refracted irradiations increased the % 
yield of biodiesel to a significant extent as compared 
to conventional heating and room temperature.

It was found that all the catalysts showed good 
catalytic activity except (I), which remained inactive 
in all conditions. The catalyst (I) did not contain 
significant CaO content. The most significant aspect 
of this research work is the use of waste raw material 
and free energy sources. The waste cooking oil as raw 
material is cheaper; however, it requires a processing 
cost to make it suitable for reaction. All catalysts were 
obtained from waste marble, which has almost no 
cost. However, it also has a processing cost when it 
is calcined at high temperature. Solar radiation was 
used as a renewable source of energy. Both of the solar 
systems (aluminum coated satellite dish and Fresnel 
lens) are able to intensify the solar radiation during 
cold weather.

Mechanism of transesterification
The transesterification reactions of triglycerides 

with methanol were catalyzed by basic heterogeneous 
catalysts containing CaO as basic catalyst. CaO can 
generate methoxide ion attached to the catalyst surface. 
Methoxide ion attacks the carbonyl carbon of the 

triglyceride to form a tetrahedral intermediate. In the 
second step, the tetrahedral intermediate rearranges to 
produce the diglyceride anion and a fatty acid methyl 
ester. The diglyceride anion abstracts a proton from the 
catalyst surface to form a diglyceride and regenerate 
the active site of the catalyst (Figure 8). The same 
steps repeated thrice produce three moles of fatty acid 
methyl ester and one mole of glycerol from one mole 
of triglyceride, consuming three moles of methanol 
(Kesic et al., 2016).

Characterization of biodiesel
The biodiesel produced was characterized by ASTM 

standards, TLC examination and GC analysis. It was 
found that all the parameters were within the limits of 
ASTM standards (Table 5). It has been found that the 
viscosity of WCO is very high and it is not suitable 
as a fuel, while biodiesel (FAME) has lower viscosity 
and is suitable to be used as a fuel. Since biodiesel 
(FAME) is less polar than oil, biodiesel runs faster 
on the stationary phase of silica gel with the solvent 
system of hexane: toluene: chloroform. The spots of 
biodiesel and oil were visualized with anhydrous iodine 
crystals. It was observed that iodine crystals are the 
best visualizing agent. The Rf values of oil and FAME 
were found to be 0.53 and 0.83, respectively. The % 
conversion of WCO to biodiesel was calculated from 
TLC examination (Table 4). The GC chromatogram 
of WCO showed one dominant peak at retention time 
44.013, while that of FAME showed three dominant 

Table 4. Kinetics of yield (%) of FAME produced in five different conditions*.
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Figure 8. Mechanism of CaO catalyzed 
transesterification.

General equation

Mechanism

Figure 9. GC chromatograms of WCO (A) and FAME 
(B).

Table 5. Fuel properties of oil and FAME in comparison 
with ASTM standards.

peaks at retention times 11.205, 23.731 and 33.754 
(Figure 9A and 9B). However, in both chromatograms, 
different peaks appeared within the range of 10-60 min 
retention time. 

Significance of research
This research work is based on the production of 

green, renewable and environmental friendly fuel 
(biodiesel) from waste cooking oil and methanol 
using waste marble as heterogeneous catalyst. Waste 
marble has no significant application. In this research 
work waste marble was used as a source of CaO, 
which acts as an effective heterogeneous catalyst 
for the transesterification reaction. Waste marble 
is generated in huge amounts all over the world in 
marble factories and construction sites. Waste marble 
is easily available and cheap. However, there is some 
processing cost, particularly due to calcination at 
high temperature. It can replace expensive catalysts 
such as CaO-Al2O3, ZrO2/SO4

-2, TiO2/SO4
-2, WO3/

ZrO2, Cs-Na2ZrO3, Cao-ZrO2, La2O3 etc. and can 
be easily recovered for reuse. Biodiesel is the best 
alternative of fossil fuels. Consumption of fossil fuels 
increases the concentration of CO2 and SOx in the 
environment, which is great threat to environment. 
Biodiesel is carbon neutral and can be used in current 

diesel engines without any alteration. Cooking oil is 
obtained from plants; therefore it is necessary to grow 
more plants for this purpose. Thus, the CO2 emitted 
from combustion of biodiesel is consumed by plants in 
photosynthesis, releasing oxygen to the environment 
and keeping the environment clean and green. The 
most significant aspect of this research work is the 
use of solar radiations as a source of energy. Solar 
radiation is a renewable source of energy. In this work, 
the intensity of solar radiation has been increased by 
using sn aluminum-coated satellite dish and Fresnel 
lens. Both of these concentrated the solar radiation 
and focused it on a single point. The main drawback 
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in biodiesel production is its cost because vegetable 
oil available in large amounts is usually edible, which 
increases the cost of biodiesel and is also competitive 
with food. Waste cooking oil is the best source for 
biodiesel production because it is produced in large 
amounts all over the world and has no significant cost, 
although it requires the processing cost. Biodiesel 
produced through this research work will be of low 
cost when produced on a commercial scale.

CONCLUSIONS

The waste cooking oil produced in restaurants 
and domestically has no significant application and 
is a great threat to environment. Similarly, the wastes 
of marble are usually used as landfill, which is not a 
significant application. In this research work, both 
waste cooking oil and waste marble were utilized in 
the synthesis of a significant product, i.e., biodiesel. 
Waste cooking oil was used as raw material, while 
waste marble was used as heterogeneous catalyst. The 
waste marble mainly consists of calcium carbonate, 
which on calcination converted into calcium oxide. 
Different tests such as basicity test, gravimetric 
analysis and qualitative analysis were performed for 
calcined marble. It was concluded that calcium oxide 
produced by calcination of waste marble was strongly 
basic oxide. From different techniques such as FAAS 
and FT-IR performed on calcined marble, it was 
concluded that it can act as an effective heterogeneous 
catalyst in transesterification. It can be recovered 
easily and can be reused. Transesterification reactions 
were carried out under five different conditions. In all 
conditions, it was found that the catalysts prepared 
from waste marble gave high yields of biodiesel. 
Furthermore, it was observed that solar radiation 
can replace a conventional heating source as the 
yield of biodiesel obtained under solar conditions is 
much better than with conventional heating. It was 
observed that concentrated reflected and concentrated 
refracted solar radiations are better sources of energy 
for biodiesel production. Solar radiation is a renewable 
source of energy and it can reduce the cost of biodiesel. 
The use of an aluminum-coated satellite dish and a 
Fresnel lens is a new approach. The aluminum-coated 
satellite dish and Fresnel lens concentrate the solar 
radiation and hence increase its intensity, which is also 
effective in cold weather. This research work will play 
a significant role to overcome the current challenges 
of environmental pollution, global warming, energy 
crisis and biodiversity.
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