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Abstract

Coal fly ash is converted into an efficient solid base catalyst by suitable mechanical and thermal activation followed by deposition of 15 
wt% strontium carbonate to generate catalytic active sites. The activity of the catalyst was tested for biodiesel production by soybean oil 
methanolysis (transesterification). The physico-chemical properties of catalyst were investigated by N2 adsorption-desorption study, FTIR 
and SEM analytical techniques. The catalyst could be easily regenerated and reused up to three reaction cycles with almost similar efficiency.
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Introduction
Base catalysis is an important area of fundamental industrial 

importance in fine chemical, petrochemical, agrochemical and 
pharmaceutical industries. Commercially the base catalyzed 
reactions are largely carried out by using homogeneous bases like 
NaOH, Ca(OH)2, KOH etc. [1]. Transesterification of triglycerides 
catalyzed by both acid and base has been reported. Base catalyst 
is more effective than acidic because in acidic condition there is 
more possibility to form undesired product which decreases the 
conversion of biodiesel. But in case of homogeneous catalysis it is 
far difficult to separate catalyst from reaction mixture and their 
reuse, regeneration are not possible generally and also have an 
extra step to separate , therefore the cost of production slightly 
increases [2]. These homogeneous base catalysts are harmful, 
required in more than the stoichiometric amount and have 
high operating cost. Solid base catalyst seems to be a promising 
candidate for replacing a homogeneous process for solving 
the above said problems. Sr based catalysts are important due 
to high basicity and insolubility in organic solvents, vegetable 
oil, FAMES (fatty acid methyl ester) [3]. In this work strontium 
carbonate deposited fly ash catalyst has been reported as 
reusable solid base catalyst for transesterification reaction. Fly 
ash not only provides uniform dispersion of the strontium salt 
but also makes strong interaction with deposited species.

Experimental
Fly ash was collected from Jamshedpur Thermal Power 

Station, Jamshedpur (Jharkhand). All chemicals Sr(CO3)2 (98%),  

 
methanol were purchased from Sigma Aldrich and soybean from 
Alfa Aser. Mechanically activated fly ash (30h at 250 rotation/
minute speed) was thermally activated at 800 °C for 3h to form 
thermally activated fly ash (TFA) consequently C, S, moisture 
and other impurities also get removed [4]. An aqueous solution 
of strontium carbonate (for 15 wt% loading) was added into 
10g TFA at constant stirring. Resultant slurry was aged for 1h 
then filtered and washed with double distilled water until pH 
7 to remove leached compounds, air dried at 110 °C for 24h 
and calcined at 430 °C for 3h in a muffle furnace under static 
conditions to form strontium oxide loaded thermally activated fly 
ash (Sr/TFA). Pure SrO was formed by calcination of strontium 
carbonate at 430 °C for 3h in muffle furnace.

Specific surface area and average pore diameter of samples 
are determined by N2 adsorption-desorption, done by using 
Thermo ScientificTM Surfer surface area analyzer. The FTIR 
spectra of the synthesized materials were recorded using IR 
Tensor 27 Brucker in DRS (Diffuse Reflectance Spectroscopy) 
by mixing the sample with KBr in 1:20 weight ratio in the range 
550-4000cm-1 with a resolution of 4cm-1. The detailed imaging 
information about the morphology and surface texture of the 
samples were provided by SEM (Model-JEOL-JSM 5600).

Results and Discussion
Specific surface area of TFA and Sr/TFA are 28.47 and 23.54 

(m2/g) respectively. FTIR spectra of TFA and Sr/TFA show a 
broad band between 3000-3600cm-1,which is attributed to -O-H 
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stretching vibration of surface silanol groups (Si-OH), [5]. A peak 
centered at 1608-1617cm-1, present in all samples is assigned to 
bending mode (δo-H) of water molecule (Figure 1a) [6]. A small 
peak around 2830cm-1 is assigned to -C-H stretching vibration 
of organic contaminants present in TFA [7]. Peaks at 1986 and 
1872cm-1 are assigned to SiO2 as possible quartz [8]. Peaks 
centered at 1521 and 1681cm-1 are due to (CO3)2- stretching 
vibration, visible in both spectra [7,9].A broad band between 
1103-1168 cm-1 is attributed to Si-O-Si asymmetric stretching 
vibration [7]. A peak at approx ~ 600cm-1 is attributed to Si-O-Al 

stretching vibration [10]. FTIR spectrum of Sr/TFA (Figure 1b) 
shows the broader and much intense band in the region of 3000-
3600 cm-1 as compared to TFA. The increased intensity could 
be assigned to generation of Si-OH groups as well as to Si-O-Sr-
OH groups during the chemical activation while H- bonding is 
responsible for the broadness of the band between these groups. 
There is also possibility of SrO, Sr(OH)2 and SrCO3 formation 
on TFA surface [11]. Some of the basic sites generated by SrO, 
would be due to the presence of Sr2+-O2- ion pairs in different 
coordination environments [12].

Figure 1: FTIR spectra of (a) TFA and (b) Sr/TFA.

It is observed from Figure 2a that fly ash mainly consist of 
spherical particles with smooth outer surfaces and irregularly 
shaped unburned carbon particles. The smooth alumina silicate 
spherical particles, also known as cenospheres, are formed as a 
result of thermo chemical transformations of mineral particles 
during coal combustion process, where the minerals melt to 
form small droplets, which upon sudden cooling and action of 
surface tension forces adopt the spherical shape [13]. Shiny 
clumps of strontium oxide on TFA surface (Figure 2b) confirm 

effective chemical activation, Catalytic activities of different 
catalytic materials were measured by transesterification 
reaction of soybean oil (Triglyceride) with methanol (Scheme 
1). In this study refined soybean was used as a feedstock for 
transesterification with methanol, which was operated in 
250ml round bottom flask on a magnetic stirrer with water cool 
condenser. The reaction was carried out for time ranging from 
30-120min at temperature 45 °C and 65 °C maintaining MeOH: 
oil ratio 12:1 and substrate to catalyst weight ratio 2.7:1.

Figure 2: SEM micrographs of (a) TFA and (b) Sr/TFA.
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The conversion yield of biodiesel with pure SrO catalyst was 
about 80% at 65 °C in reaction time 135 minutes. On extending 
the reaction time the conversion yield decreases due to reverse 
reaction (Figure 3). Transesterification reaction of vegetable oils 
with alcohol might be in reverse direction, therefore, catalyst 
not only catalyze the transesterification in forward direction but 

also catalyze in reverse direction, which accelerated with the 
formation of FAMEs (Biodiesel) and glycerol [14]. Moreover Free 
fatty acid formed due to the reverse reaction reacts with Sr2+ 
ions to form soap, which decrease the yield of biodiesel with 
increasing reaction time.

Figure 3: Effect of temperature on the efficiency of pure SrO and SrO/TFA catalyzed transesterification reaction. 

In using Sr/TFA catalyst the maximum yield of biodiesel 
conversion was obtained 86% at 65 °C (methanol to oil ratio 
12:1and substrate to catalyst ratio 2.7:1) in 121 minutes. The Sr/
TFA catalyst was reused upto 3 reaction cycles under the same 
reaction conditions after washing with acetone, drying at 110 °C 
for 12h and thermally activation at 430 °C for 2h. At the end of 
reaction resulting mixture was transferred in separating funnel 
and aged for 6hrs, two layers were appeared in which upper layer 
was FAMEs and bottom layer was glycerol which is by product of 
the reaction, both layers were collected separately.

FAMEs till now have some amount of glycerol and un reacted 
methanol. Removal of excessive methanol was done using 
rotatory evaporator, subsequently, obtained FAMEs washed three 
times with hot water to remove remaining glycerol. Hence pure 
FAMEs is obtained. The properties of the prepared biodiesel at 
the optimal process conditions have been found to similar with 
the ASTM (D6751) standards [15].

Conclusion
In summary, we have synthesized the efficient, 

reusable strontium carbonate activated fly ash catalyst for 
transesterification reaction. The better conversion % in 
comparison to pure SrO enable competitive use of fly ash based 
catalyst in bulk production of biodiesel thus reducing cost of 
production. The salient features of this protocol are reusability, 
cost effectiveness, eco-friendly nature, and conventional reaction 
condition. This investigation brings into light the structural 
aspects of a novel fly ash supported solid base catalyst for 
transesterification reaction.
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