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Introduction

Biodiesel can be an alternative fuel source for energy 
production. The main advantages of biodiesel as an alternative 
fuel are its renewability, biodegradability, nontoxic nature, and 
blending capacity with other energy sources [1,2]. Biodiesel is 
also known as fatty acid methyl ester (FAME) obtained by trans 
esterification reaction of methanol and vegetable oil in the 
presence of suitable homogeneous or heterogeneous catalyst 
[3]. Commonly used homogeneous catalysts are NaOH, KOH and 
CH3ONa which have high catalytic activity, but it is also difficult 
to separate, purify and reuse them after the reaction [4]. Till 
now various heterogeneous alkali catalysts such as Zeolite, alkali 
earth metal oxides, KF/ϒAl2O3 and sodium aluminate etc. have 
been developed for biodiesel production [5-11]. Recently only 
selective heterogeneous catalysts are utilized in the industry due 
to the high expense in catalyst synthesis. So the good alternative 
to reduce the overall biodiesel production cost is the utilization 
of waste material as a heterogeneous catalyst.

Different kinds of wastes have been explored as catalyst such 
as marble slurry Dolomites and waste shells such as waste egg 
shell, oyster shell, and scallop shell, bivalve clam shells and bones  
[12-19]. Among them, CaO is one of widely-used catalysts due  

 
to its highly availability in nature, low cost and high activity. In 
literature, 87.28% and 91.87% of biodiesel yield were reported 
using snail shell and dolomite as heterogeneous catalyst 
respectively under optimized conditions [20-21] also found 88% 
of biodiesel yield by heterogeneous catalyst developed from 
waste marble.

Among these wastes, marble slurry is a natural calcium 
carbonate source found in several areas of the world such as 
India, USA, Belgium, France, Spain, Sweden, and Greece. In 
marble processing plant, 20-30% marble blocks generates 
marble dust after cutting process which cannot be disposed of in 
the residential area. Storage of these wastes is impossible; hence 
marble wastes constitute an environmental Pollutant. Rajasthan 
State Pollution Control Board (RSPCB) proposed a project of two 
plants at Udaipur to recycle waste marble slurry. So the biodiesel 
production from marble slurry derived heterogeneous catalyst 
has been explored in our study. The purpose of the research was 
to prepare a highly basic heterogeneous catalyst derived from 
marble slurry for biodiesel production from a mixture of oils. 
Catalyst characterization has done by XRD, FTIR and Hammett 
titration method. 
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Experimental Work

Materials 

Natural marble slurry was obtained from Jaipur, Rajasthan, 
India. Linseed oil, palm oil, thumba oil and Karanja oil were 
brought from the local market. AR grade methanol with 99.9% 
purity and Potassium dihydrogen orthophosphate (KH2PO4) 
from Merck limited, Mumbai India was used in this study.

Quality analysis of mixture of oil 

The physicochemical properties of optimized mixture of oil 
were measured which has been shown in (Table 1).

Table 1: Properties of mixture of oils.

Properties Measured Value

Color Burnt Brown

Acid value (mg of KOH/gm of oil) 15.68

FFA (%) 7.84

Density(gm/ml) 0.85

Kinematic viscosity at 40 °C (Cst) 33

Saponification value (mg of KOH/
gm of oil) 196.3

Molecular weight (gm/mol) 931.6

Ester value (mg of KOH/gm of 
oil) 180.7

% glycerin 9.9

Catalyst preparation

The marble slurry (MS) sample was collected from marble 
shop of Jaipur, Rajasthan. The marble slurry was rinsed with 
distilled water several times for removing dust and then dried 
in oven at 120 °C for 10h. After drying, marble slurry was 
calcined at temperature of 850 °C for 3hr in muffle furnace. The 
Calcined material was then cooled down to room temperature in 
a desicator and then used for biodiesel synthesis.

The synthesized basic heterogeneous catalyst form marble 
slurry powder i.e. Hydroxyaptite was prepared by wet method 
as described in literature. Twenty grams of dried marble slurry 
powder was dissolved in 800ml of 1M Potassium dihydrogen 
orthophosphate (KH2PO4). The preperared solution was then 
heated in microwave oven for 20 minutes and resulted as 
Hydroxyaptite (HAP) powder. HAP powder was cleaned with 
distilled water and was dried by microwave for 15 minutes 
followed by 5h calcination at 850 °C. Untreated marble slurry 
and resulted catalysts into powder form as shown in (Figure 1).

Figure 1: (a) Marble Slurry (MS) (b) Calcined Marble Slurry 
(CMS) (c) Hydroxyaptite (HAP).

Catalyst characterization 

X-ray diffraction (XRD) analysis was done using X-Pert Pro 
powder analytical instrument equipped with Cu anode under 
the following conditions: tube voltage of 40kV, a tube current 
of 40mA and the sample were scanned in the range of 2θ=10-
90 °C. The FTIR (Fourier Transform Infrared Spectroscopy) 
spectrum of the sample was obtained on FTIR spectrometer 
(Perkin Elmer spectra two) in the range of 400-4500cm−1 by KBr 
pellet. Catalytic basicity was also examined by Hammet method 
[22-27].

Biodiesel production method

Various mixtures containing different proportions of four 
oils with high acid fatty were chosen for biodiesel production 
through two step trans esterification process at similar operating 
conditions (temperature 65 °C, time 60min, 6:1 methanol to 
oil molar ratio, KOH catalyst loading 1gm/100cc). The blends 
producing highest yield and better biodiesel properties were 
selected for further studies.

In the first step, the esterification reaction was carried out to 
reduce FFA at 60-70 °C. The experimental set up includes 250ml 
two necks round bottom flask equipped with a reflux condenser, 
temperature controller and magnetic stirrer. 100ml of oil 
mixture was preheated to the set temperatures (60 °C) before 
starting the reaction. A fixed amount (1-2ml) of H2SO4 was mixed 
to reaction mixture consisting of methanol and oil in 6:1 molar 
ratio. After completion of 2 hour reaction time, the product 
mixture was transferred to the separating funnel for separation 
of phases. The upper phase consisting of esterified sample was 
separated, stored for further trans esterification reaction.

In last, the trans esterification reaction was done using 
developed heterogeneous catalysts. The 100ml of esterified 
oil mixture was preheated and added into the flask containing 
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methanol and catalyst under vigorous stirring. The trans 
esterification reaction was done 65 °C with a reaction time (3 
hours), 12:1 methanol to oil molar ratio for 3hrs. After the reaction, 
the reaction product was transferred to the separating funnel 
for separation of phases. The solid base catalyst was separated 
from the reaction mixture via centrifugation at 5000rpm for 
20min. Glycerol was then separated using a separating funnel, 
and the excessive amount of methanol from FAME was recovered 
under reduced pressure in a rotary evaporator. The FAME thus 
obtained was stored for further characterization. The biodiesel 
yield (%) was calculated as follows:

Biodiesel yield (%) =(volume of biodiesel (ml))/(volume of 
oil( ml))x100 (1)

Results and Discussion 

Catalyst characterization

Figure 2: XRD pattern for catalyst.

XRD analysis: To investigate the structure and crystallinity of 
the catalyst, the X-ray diffraction analysis was done as shown in 
(Figure 2) shows the XRD result of marble slurry (MS), calcined 
Marble slurry (CMS) and Hydroxyaptite powder (HAP). The 
crystallinity of all the samples was analyzed by XRD. The source 
material i.e. MS showed major diffraction peaks at 29.38°, 30.92° 
and 41.06° which is characteristic of CaCO3 (marble slurry) and 
after calcination, the reflection arising from marble slurry were 

lost, coincident with the appearance of new crystalline phase 
that can be assigned to highly crystalline CaO (33.92°, 37.11°, 
and 42.65°) as described in literature [28,29]. XRD patterns of 
HAP shows the two highest peaks at 31.02° and 50.61° which 
is characteristics of HAP and closed to HAP standard compared 
with literature [30-31]. These result indicated that the marble 
slurry had been successfully synthesized into HAP. 

FTIR analysis: FTIR analysis of marble slurry (uncalcined 
and calcined) and HAP powder was performed as shown in 
(Figure 3). Two bands around 878cm-1 and 1435cm-1 are confirm 
the C-O stretching and bending modes of CaCO3 as shown in 
(Figure 3). After calcinations at 850OC the intensity of these 
bands decreases due to thermal decomposition of CaCO3 and 
formed CaO and Ca(OH)2. One sharp band appears 3642cm-1 
due to the formation of basic OH groups attached to the calcium 
atoms as shown in (Figure 3). Hydroxyl stretch is observed at 
3643cm-1 in the spectra of Hydroxyaptite as shown in (Figure 
3). There were also bands at 103.04cm-1 and 1420cm-1, which 
were assigned to the phosphate group and the carbonate group 
(CO3

2-).

Figure 3: FTIR pattern for catalysts.

Biodiesel characterization 

The characteristics of oil mixture biodiesel were measured 
and compared with ASTM D6751 Standard and found within the 
prescribed limit See (Table 2).

Table 2: Quality analysis of Biodiesel.

Properties Unit Biodiesel from CMS Biodiesel  from HAP ASTM Standard

Density (gm/ml) 0.87 0.88 0.86-0.90

Kinematic viscosity at 40 °C (Cst) 4.98 5.72 1.9-6.0

Acid value (mg of KOH/gm of oil) 0.4 0.4 0.5

Cloud point °C 6 9 -3 to 12

Pour point °C -3 3 -15 to 10

Flash point °C 160 155 130-170
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Conclusion

The mixture of oils can be efficiently converted into biodiesel 
using marble slurry derived modified heterogeneous catalyst. 
Among both catalysts tested, HAP shows high catalytic activity 
with good biodiesel yield i.e. 94% in the biodiesel production 
form mixture of oil at the reaction conditions such as reaction time 
of 3h, methanol to oil molar ration of 12:1, reaction temperature 
of 65 °C and catalyst loading of 4 wt%. More importantly than 
all of that, this catalyst is good for biodiesel production from the 
economic point of view, which makes waste utilization, reduces 
cost, saves resources, and protects the environment.
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