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ABSTRACT

Energy is an utmost necessity for mankind and the diminution of the non-renewable energy sources is a prodigious
environmental threat. Biodiesel is one of the encouraging and promising alternate to the petroleum based energy sources. In this
study, hydrodynamic cavitation is employed for the transformation of sunflower oil to biodiesel using NaOH catalysts. Cavitation is
found experimentally that it substantiates greatly in the production of free radicals that favors the reaction rate and increases catalyst
activity. The trans-esterification of sunflower oil to biodiesel is studied under varying parameters such as oil to methanol ratio,
catalyst load and contact time to investigate the performance of the cavitation technique in production of biodiesel.
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INTRODUCTION

Increased depletion of petroleum based fossil fuels and the increasing environmental threats there is an increased demand for
the production of alternate energy sources. Biodiesel is a hopeful alternate to the non-renewable petroleum based reserves. Biodiesel
is an eco-friendly and a clean burning fuel. Biodiesel is obtained from any vegetable matter and is completely clean fuel. It is free
from sulfur emissions and reduces other emissions such as carbon monoxide, THP and PM emissions. Numerous available feed stocks
in the production of biodiesel, easy adaptability towards any engine and its degradability moves it to the top among the alternate fuels.
Several methods are developed in the production of biodiesel from many feed stocks such as vegetable oils, animal fats, plastics, and
waste cooking oils and so on. The most commonly used method for the production of biodiesel is by the trans-esterification of
vegetable oils and animal fats using an alcohol in the presence of acid or base catalysts. Sunflower oil is non-edible oil and found
abundantly in tropical areas. Sunflower oil is extracted from sunflower plants that can even grow in places near drought.

Cavitation technique is energy efficient and a profound method for the production of biodiesel that utilizes minimal amount

of energy requirements. Cavitation greatly initiates the production of free radicals, increases generation of local hot spots and more
importantly generation of turbulence that favors intensive action for both homogeneous and heterogeneous reactions. Hydrodynamic
cavitation is largely employed in lot of industrial process like crystallization, water and effluent treatment, biotechnology, solid liquid
extraction and textile industries. Orifice plates are utilized to produce hydrodynamic cavitation, where the cavitation is generated by
altering flow conditions and are subjected to turbulent pressure field oscillations which proves to be more energy efficient than the
regular methods. In case of orifice plates, the generations of cavity collapse conditions are similar to acoustic cavitation but at the
expense of much lower energy. It is reported that more than 70 % vyield can be obtained by trans-esterification of oil using a
hydrodynamic cavitation reactor.
Experimental setup: The experiment has been carried in batch wise and the schematic diagram of experimental setup is shown in
Fig. 1. The reactor consists of a cylindrical reservoir tank with 10 liter capacity, connected to a pump. The discharge pipe from the
pump splits into main and bypass pipes. The main pipe passes through the orifice plates and the bypass circulates to the reservoir tank.
The sample port is connected next to the orifice for sampling. The exit from the orifice is driven back into the collecting tank. The oil
is preheated to 40°C for decreasing the viscosity of oil.
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Figure. 1. Schematic diagram of reactor
Where v1, v2 and v3 are the control valves, pl and p2 are the pressure gauges attached to the centrifugal pump and at the sample port
respectively.
Orifice plates: Two different types of orifices are made in carbon steel plate to carry out the experiment namely plate A and plate B.
Plate A consists of 2 mm orifice dia and 24 holes and Plate B consists of of 3mm orifice dia and 21 holes.
Chemicals: Oil is purchased from local oil shop. NaOH and ethanol are purchased from MERCK. The catalyst load is varied in range
of 0.5g, 1g, 1.5g. The methanol to oil molar ratio and the varying proportions of methanol and oil are tabulated in Table. 1.
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Table. 1. Proportions of methanol and oil
Oil to Methanol ratio 1:3 1:5 1:7
0il (g) 100 100 100
Methanol (g) 11.16 18.61 26.05

Procedure:The experiments are carried out in batch wise mode. The required amount of sunflower oil is heated to 40°C using a
heating mantle before led to the collecting tank. Methanol along with calculated amount of NaOH catalysts are fed directly into the
reservoir. A centrifugal pump is used to draw the feed from the tank and direct it to the pipes leading to both the orifice and the tank.
Initially the valve to the orifice is closed and the feed is circulated to the tank for partial mixing of the oil along with the methanol and
the catalyst. After 10 minutes, the valve directing the tank is closed and the valve to the orifice is opened. The reaction in mixture is
agitated turbulently with increased localized temperature and pressure that provides the necessary temperature and the generation of
free radicals for the reaction to proceed. After acquiring the residence time, the mixture is collected in the tank and is changed to the
separating funnel, where the biodiesel produced by trans-esterification is separated and collected for further analysis.

RESULTS AND DISCUSSION

Effect of contact time: An operation is carried out in batch wise mode with oil to methanol ratio is 1:5 and with 1gram catalyst load
by varying the contact time in various time interval ranging from 20 min up to 60 min. And this hydrodynamic cavitation operation is
done two different orifice plates. After this operation the resulting sample was collected for analyses, the results shows that increases
in contact time will increases the conversion percentage in both the orifice plates. The below given graph will shows the percentage
conversion with respect to varying in contact time, it is observed that the plate A gives high percentage conversion of 74.2% in 40
minutes relatively plate B gives 72.2 % in 40 minutes.
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Fig. 2. Contact time vs conversion percentage

Initially the conversion percentage of plate A in 20 min is 58.9% and after 60 min the percentage conversion is 74.1 % relatively the
percentage conversion of plate B initially in 20min is 58.2% and after 60 min 73.4% respectively.

Effect of oil-methanol ratio: Although the hydrodynamic cavitation operation is carried out with respect varying contact time, it is
important to analysis the effect of oil to methanol ratio. This time the operation was carried out by varying oil to methanol ratio in
batch wise mode in two different plates with constant contact time of 40 minutes and with the catalyst load is 1gram. After this
operation the resulting sample is taken and analyses, the results shows that the increase in percentage conversion with increase in oil-
methanol ratio. From the below given, it is observed that plate A gives high conversion percentage comparatively to the percentage
conversion of plate B.
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Fig. 3. oil-methanol ratio vs conversion
The oil-methanol ratio variation in hydrodynamic cavitation operation results was illustrated in graph that the calculated
conversion percentage of plate A initially is 64% at the oil-methanol ratio of 1:3 relatively percentage conversion of plate B is 61.8%.
Then the ratio is varied to 1:5 the percentage conversion of plate A is 74.3 comparatively the plate B’s percentage conversion is
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72.1%. Finally the calculated percentage conversion of plate A is 77.12 % at 1:7 oil-methanol ratios respectively the percentage
conversion of plate B is 73.5%.

Effect of catalyst load: It is found that the variation of catalyst load will affect the conversion percentage in hydrodynamic cavitation
operation .the operation is carried out at constant time of 40 minutes and with 1:7 oil-methanol ration. After this operation the
resulting sample is taken and analyses, the result shows that increase in catalyst load will increase the percentage conversion.
Calculated percentage conversion with respected to different catalyst load is show in below graph. It is observed that the plate A gives
slightly higher conversion percentage comparatively with plate B.
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Fig. 4. Catalyst load vs conversion

Initially the calculated percentage conversion of plate A is 58.1% at 0.5 gram of catalyst load which is lesser than the conversion
percentage compare to plate B is 66.2% at 0.5 gram of catalyst load. Then the conversion percentage of plate A is increased to 74.3%
at 1gram and 75.1% at 1.5 grams of catalyst load which is higher conversion percentage compare to plate B, the conversion
percentage is 72.3 at 1gram and 74.15 at 1.5 grams of catalyst load.
CONCLUSION

From the above results, it is proved that hydrodynamic cavitation proves to be promising technology for the trans-
esterification of vegetable oil to produce biodiesel at lower energy consumptions. Catalyst load of 1 gram with oil to methanol ratio of
1:5 and a contact time of approximately 40 minutes are observed to yield biodiesel up to 75 %. Since local temperature and pressure
are increased using orifice plates and less energy is consumed, it makes this process more viable for its application in industries.
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