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ABSTRACT
This study focuses on the use of a heterogeneous base catalyst with high efficiency for biodiesel production.
Cinder, which is a solid waste from coal burning industries, is used as a raw material for the preparation of nano
sized MgO/KF catalyst particle. The synthesized catalyst was characterized using XRD and TGA analysis.
Experiments were conducted and the effects of different process parameters like methanol to oil molar ratio,
catalyst loading and reaction time on the catalyst activity were determined. The results indicates that a maximum
conversion of 97.6 wt% triglycerides was obtained under optimized conditions; 7 wt % of catalyst in 50 minutes
with methanol to oil molar ratio 6:1. Hence, cinder supported nano MgO/KF heterogeneous base catalyst proved
to be an effective alternate for the biodiesel production using rapeseed oil.
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1. INTRODUCTION

Due to the ever increasing demand for energy and limited supply of fossil fuels, alternate fuels like
biodiesel has gained major importance because of its advantages such as being biodegradable, nontoxic and
renewable fuel. Out of the various methods employed for the production of biodiesel, Transesterification is found
to be the most suitable production method for biodiesel in larger scales. In this reaction vegetable oil or animal fat
is allowed to react with an alcohol in the presence of either an acid or alkali catalyst to produce biodiesel and
glycerol. Heterogeneous catalysts are preferred over homogeneous catalysts due to its advantages such as
reusability, regenerative capability and environmental friendly. In recent days a variety of solid base catalysts for
transesterification reactions have been investigated such as metal oxides, basic hydrotalcites, ion exchange resins
and basic zeolites. Moreover various supported catalysts were prepared using supports such as ZnO, Al,Os, MgO,
alumina/silica, flyash and activated carbon (Hui Liu, 2012). In this research work one of our major aims were to
investigate solid base catalyst which will produce higher conversion rate under moderate temperature and shorter
reaction time. The objective of this work is to prepare solid catalyst particle at low cost. This paper aimed to
investigate the nano MgO/KF on cinder which is a natural waste material to prepare solid catalyst particle with
optimum size along with high catalytic ability and reusability. The synthesized catalyst was characterized using
XRD and TGA analysis. Experiments were conducted and the effects of different process parameters like methanol
to oil molar ratio, catalyst loading and reaction time on the catalyst activity were determined.

2. MATERIALS AND METHODS

2.1. Materials: The seeds of rapeseed were purchased from Srinivasa seed suppliers, Bangalore. Cinder which is
a natural waste material obtained by burning of coal was purchased from Merck. All the other chemicals such as
KF, MgO, methanol, glycerol, H,SO, and HNO; were purchased from Sisco Research Laboratories.

2.2. Extraction of Oil: The process of ultra-sonication was employed for oil extraction. The extracted oil was
filtered and left without any disturbance for three days for settling of any suspended particles. The oil obtained was
kept in an air tight container for further use.

2.3. Catalyst Preparation: The cinder based catalyst was prepared by means of wet impregnation method. Cinder
with diameter of 0.8-2.0 mm was obtained after drying and sieving respectively. 10g of cinder and 5 g of MgO
powder were immersed in 10mL distilled water. The mixture was stirred and then dried using a constant
temperature magnetic stirrer. After the evaporation of water, the solid MgO-cinder was immersed in 10mL of 1 g
mL! KF solution for about 1 hour and then it was stirred and baked by a constant temperature magnetic stirrer.
After this step the calcination process was carried out in muffle furnace at 500 °C for 5 hours. Finally the prepared
catalyst was sealed by plastic membrane for further use. The synthesized was characterized using X Ray Diffraction
Analysis and Thermo Gravimetric Analysis.

2.4. Transesterification procedure: The transesterification of rapeseed oil was carried out using a 250 mL three-
necked round bottomed flask equipped with a mechanical stirrer and a water-cooled condenser. The rapeseed oil
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was charged into the round bottomed flask and it was stirred and heated to attain a desired temperature and then
appropriate amounts of methanol and catalyst were added to enhance the transesterification by means of stirring
for the required reaction time. The samples were withdrawn manually during every run. At the end of the reaction,
excess methanol and catalyst were retrieved by means of centrifugation at 6000 rpm for about 20 minutes and
distillation respectively. The reaction was studied at different catalyst concentrations, weight of methanol and
various reaction temperatures.

3. RESULTS AND DISCUSSION

3.1. Thermal Analysis: The TGA plot of MgO/KF is reported in Fig. 1. Two main peaks are observed. One is at
60-128 °C, accompanied by a weight loss of about 4.5% and corresponding to the elimination of a surface that
loosely held water without a collapse of the MgO/KF structure. The second broad peak is from 290 to 410 °C,
attributed to a solid-state reaction of the fluorides with the support.

3.2. XRD Analysis: X-ray diffraction of MgO/KF catalyst was performed. Fig. 2 showed that the catalyst had the
typical diffraction peaks at 20 = 32.2°, 38.1°, 42.5°, 61.9° and 78° which were attributed to the crystal of KMgFs.
No obvious peaks of MgO and KF were observed in the X-ray diffraction of catalyst. Therefore, KMgF3; was the
dominant crystal form in catalyst.

3.3. Optimization studies:

3.3.1. Effect of Catalyst: The nature and amount of the catalyst has a strong influence on the conversion of oil to
biodiesel. The catalyst amount is varied in the range of 3-9 wt% for different values. Fig. 3 showed that the
efficiency of conversion of triglycerides from rapeseed oil increased with increase of catalyst amount. It was clearly
observed that at lower concentrations of catalyst loading the biodiesel yield was very low. The yield increased and
reached an optimum level at a catalyst amount of 7 wt% with a yield of 94.6% at a reaction time of 50 minutes.
3.3.2. Effect of Temperature: The optimum temperature for the transesterification reaction was found to be

60 °C. The optimum vyield of biodiesel 95.2% was incurred at this temperature. The effect of temperature on
biodiesel yield was shown in Fig. 4. From this result it was clearly observed that the speed of the reaction was
strongly influenced by the temperature. When the reaction was carried on after 60 °C there was a small decrease in
the biodiesel yield.

3.3.3. Effect of methanol-oil molar ratio: The molar ratio of alcohol to rapeseed oil is one of the most important
factors which had an effect on the conversion efficiency of biodiesel. The effect of molar ratio on the yield of
biodiesel is shown in the Fig. 5. The alcohol to molar ratio was varied at three different values and it was observed
that maximum conversion efficiency was achieved at the molar ratio of 6:1. The methyl ester yield achieved in 50
minutes is 95.7% when the methyl alcohol was 100% excess (6:1, Methanol: Oil).

3.3.4. Effect of reaction time: The effect of the reaction time was investigated by keeping the optimal parameters
obtained in the previous sections. The time was varied as 30, 40, 50 and 60 minutes. The effect of reaction time on
the biodiesel yield is shown in the Fig. 6. It was clearly observed that at shorter reaction times the reaction did not
reach completion. The yield was lower at shorter time (30 minutes) and it gradually increased as the time was
extended to 50 minutes. Thus the optimum yield of 97.6% was observed at the reaction time of 50 minutes. When
the reaction was further continued it was observed that there was n further increase in biodiesel yield.
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Fig. 1. TGA plot for nano MgO/KF catalyst ~ Fig. 2. XRD pattern for nano MgO/KF catalyst
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4. CONCLUSION

It is demonstrated that cinder supported nano MgO/KF exhibited high catalytic activity in the
transesterification reaction. When the transesterification reaction was carried out, the optimum reaction conditions
were found to be 7 wt % catalyst, 6:1 methanol to oil molar ratio with a reaction time of 50 minutes. A yield of
97.6% was achieved when cinder supported nano MgO/KF was used as a catalyst for the production of biodiesel
using rapeseed oil.
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