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ABSTRACT
The concerns on changes in climate, the high energy prices and the exhausting oil reserves have demanded for a strong
interest in the research for alternative sources of fuel. Biodiesel is an alternative renewable fuel that has gained massive
attention in recent years. Biodiesel is a renewable source of energy which can be synthesised from different sources such
as lipids, animal fats, vegetable oils and waste vegetable oils. However, we are discussing about non-edible vegetable oil
which is extracted from castor seeds. The castor oil plant (Ricinus communis) is a plant species fromEuphorbiaceae and
the sole member of the genus Ricinus and of the subtribe Ricininae.Using other oils would increase the production cost
from the available petro diesel. This study shows the physio-chemical properties of castor biodiesel which is different
from all other vegetable oils.
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INTRODUCTION
With the current increase in world

population, there has also been a rapid increase in
the world energy demand. The most fundamental
requirement for human existence and activitiesis
energy. As an effective fuel, petroleum has been
serving the world to meet its need of energy
consumption. Petroleum cannot be totally be
dependent upon energy source as it comes at a high
cost and the world petroleum production has
perhaps reached its peak. Based on current
projections on fossil fuels, the world’s fossil fuel
supply would be exhausted 70years from the
present. Use of fossil fuels has been associated with
emission of large quantities of greenhouse gases
and global warming [GeoSunNrg, 2010]. Experts
have suggested that the existing oil and gas reserves
would only last for a few additional years. The
sulphur containing residues are the main causes of
global warmingcombined with theemissions due to
the combustion ofpetro fuels such as CO2 CO, NOx.
This has leaded to focus on search for a cheap and
an eco- friendly alternative source [Bello, 2011].

A number of researchers have investigated
fuels based on vegetable oils. Researches have
shown that vegetable oils can be used in diesel
engines for a short period of time only.
(Sattanathan,2013) . Diesel engines are mainly
used in sectors like transport, electricity generation
and shaft power. In 1893 Rudolf Diesel had built his

first engine with coal dust.

Later, he modified the fuel source of the
engine from diesel to vegetable oil to attract the
farmers to use an engine with the available fuel
(vegetable oil). Rudholph’s engine was designed to
run on diesel and worked with vegetable oil without
any further modifications. Vegetable oils don’t
contain sulphur content, and offers no difficulty for
storage.

The feedstock yielding trees of the
vegetable oil absorbs much more CO2 from the
atmosphere during their photosynthesis than they
add to the atmosphere on combustion. During the
time of World War II, vegetable oils were used to
power diesel engines in isolated areas. Furthermore
research was focused on vegetable oil fuels for
engines in the 1970s [Ramadhas, et.al, 2005].

BIODIESEL
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The term ‘Bio-diesel’ refers to mono alkyl
esters ofalcohols (methyl / ethyl) from vegetable
oils. It is a renewable energy fuelwhich is widely
used all around the world as an alternative source of
diesel fuel. Biodiesel production occurs
domestically because the feedstocks required for the
production of biodiesel are produced by domestic
agriculture. The majorfeedstocks for preparing
biodiesel are from varieties of vegetable oils
[Sharma,et.al, 2008].Different types of vegetable
oilssuch as castor, canola, rapeseed, mustard oil,
soybean oil, sunflower oil etc. can be transestarified
to produce biodiesel. Interesting results have been
reported for transesterification process of various
kinds of vegetable oils in different parts of the
world [Aghan, 2005]. But many of the vegetable
oils are already used for edible and other domestic
purposes and will be literally and economically not
feasible to produce biodiesels in bulk quantity. This
is why we prefer non edible vegetable oils which
are easily available and cheap [Rajagopal, 2007].

What Biodiesel Is Not
Straight vegetable oil or animal fat are not

biodiesel. Usages of straight vegetable oil in a
diesel engine would damage the engine. This is
because of the high viscosity in vegetable oils.These
vegetable oils or animal fats must be transestarified
to become biodiesel.

Biodiesel is also not the same as bioethanol.
Bioethanol is an alcohol that ismade from
fermented sugar and it is designed to be used in
engines which run on gasoline. Whereas, biodiesel
are those fuel which runs on diesel
engine(www.articles.extension.org).

Advantages of Biodiesel

 They are not dangerous to the environment.
 It is an agriculture oriented,

biodegradable,nontoxicand a renewable fuel.
 They can be used without any modification to

the existing engines.
 Produces much lower harmful gas emissions

such as sulphur oxide.
 It is possible to blend or mix with other energy

resources and oils in various ratios.
 Gives high lubricity to engines thus extending

its useful life.

 They got high cetane number, low volatility,
low sulphur and there is alsopresence of oxygen
atoms in the fuel molecule.

 Biodiesel will also encourage the development
of the agricultural sector. (Demshemino,2013).

Disadvantages of Biodiesel
 The nitrogen oxides emissions from this fuel

can result in the formation of acid rain.
 Biodiesel have low energy output. For

producing the same amount of energy as
compared to petro diesels, more amount of
biodiesel is required.

 The crop land required for the feedstock could
result to a rise in cost of food and thereby leads
to food scarcity.

 The use of nitrogen blankets and anti-oxidants
or additives for stability are suggested for the
storage of biodiesel for a longer period of time.

 Cold temperatures will be a problem for use of
pure biodiesel. Biodiesel blend with diesel fuels
are preferred in such conditions (Aregbe,
2010).

Vegetable oils
There are basically three types of vegetable

oils; edible , non-edible and waste vegetable oil.
Edible oils are the major sources to produce
biodiesel fuel like sunflower, soybean, palm oils,
mustard, ground nut, etc. [Nakpong, et.al, 2010
and Predojevic, 2008]. The major setback for the
commercialization of biodiesel is due to its high
cost. This is because of the cost of Feedstock for the
production [Krawczyk, 1996]. Due to the high
price of edible vegetable oils compared to diesel
fuel, waste vegetable oils and non-edible crude
vegetable oils are now being used as biodiesel
sources.

The main sources of biodiesel in India can
be of non-edible oils which are obtained from plant
species such as Ratanjot (Jatropha curcus), Karanja
(Pongamiapinnata), Castor (Ricinus communis)
oilseed etc. Vegetable oils do not contain ant
petroleum but they can be blended to any ratios
with petroleum diesel to create a biodiesel blend or
the biodiesel can be used in its pure form.
[http://www.globalinsight.com/Energy
(Retrieved 10 March 2008)].
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Castor

Castor bean (Ricinus communis) is a
draught resistant, non-edible perennial oilseed crop
belonging to the family Euphorbiaceous[Asmare,
et.al, 2014]. It is a fast-growing shrub which can
reach to the size of a small tree. The average yield
of seed per hectareis 1250 kg/hectare and oil per
hectare is 550 lit/hectare. The seeds of castor
contain 40-60% oil rich in ricin oleic acid [NMNE,
2009]. Another advantage of Castor is that its
growing period is much shorter than that of Jatropha
and there is considerably much greater experience
and knowledge among farmers about its cultivation
(Hemant et.al, 2011).

India is the world’s largest producer of
castor and contributes around 85% of world’s total
production. Gujrat, Rajasthan and Andhra Pradesh
are the main castor producing states of India
[Jeong, et.al, 2009]. Indian castor seeds have oil
content of 40% to 55%. Remaining residual oil cake
can be used as organic manure. [Hemant,
et.al,2011 and NMNE 2009].
Castor oil

Castor oil is darkish yellow oil extracted
from the seeds of the castor plant.They are used in
the manufacture of a number of industrial chemicals
like surfactants, greases and lubricants, specialty
soaps, surface coatings, cosmetics and personal care
products, pharmaceuticals, etc. In the food industry,
Castor oil (food grade) is used in food additives,
flavourings, candy (i.e., chocolate), as a mould

inhibitor, and in packaging. However, among
vegetable oils, castor oil is highly viscous because
of its high content of Ricinoleic acid(over 85%). No
other vegetable oil contains this much highcontents
of fatty hydroxyl acids. Castor oils hashigh
molecular weight (298), low melting point (5˚C)
and very low solidification point (−12˚C to −18˚C)
which makes them industrially useful. [Hemant,
et.al, 2011].

Production process of Biodiesel
Biodiesel is produced by reaction ofoil with

alcohol with the help of a catalyst. The resultant by-
product of the reactionis a mixture of methyl esters
that are commonly known as Biodiesel and
glycerol, is a high value co-product. This process is
known as Transesterification reaction.

Transesterification process helps reduce the
viscosity of the oil. This can only be done with the
help of  ahomogenous catalysts such as potassium
hydroxide (KOH) and sodium hydroxide (NaOH)
(Demirbas, 2008). However, for the completion of
transesterification reaction, excess alcohol is
required(Ahmad, et.al, 2011).
In simple words, the reaction is:

Oil + alcohol → biodiesel + glycerine
From the study it was concluded that the

optimum operating condition are oil to methanol
mole ratio 1:9, temperature 30oC, catalyst
concentration 1 wt % and run time 45 min for castor
oil (Deep et.al, 2017).

Transesterification
The transesterification process is the

reaction in which the alcohol reacts with the fatty
acids to form the biodiesel and crude glycerol.
During the esterification process, the triglyceride
reacts with alcohol in the presence of a catalyst.
Methanol or ethanol are the alcohols used
(methanol produces methyl esters while ethanol
produces ethyl esters) for the production and is base
catalysed by either potassium hydroxide or sodium
hydroxide. It was found that potassium hydroxide is
more suitable for both alcohol (methanol and
ethanol). A common by-product of
transesterification is also known asFatty Acid
Methyl Ester (FAME). The figure below shows the
chemical process for methyl ester biodiesel. The
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products of this reaction are the biodiesel itself and
glycerol (Deshpande, 2012).

Free Glycerol
The amount of glycerol that is left after the

reaction is known as Free glycerol. Free glycerol
shows the incomplete separation of the ester and
glycerol products after the esterification reaction.
Glycerol is not soluble in biodiesel and thus forms
two layers. Hereby the glycerol canbe easily
removed by settling or centrifugation. Almost all of
the glycerol will be removed during the water
washing process. Water-washed biodieselare very
low in free glycerol, especially if hot distilled water
is used for washing.

Fuel without water washedwill contain
excessive free glycerol which will have a problem
with glycerol settling out in storage tanks and
creating a very viscous mixture that can damage the
fuel filters and cause combustion problems in the
engine. The free glycerol is the source for carbon
deposits in the engine because of incomplete
combustion (Van Gerpen,2004).

Purification of biodiesel by washing
The biodiesel has to be separated from the

bottom glycerol phase by transferring to a
separating funnel. Then they have to be purified by
washing with hot distilled water to remove all the
residual by-products like excess alcohol, excess
catalysts, soap and free glycerol. The volume of
distilled water required for washing depends upon
the biodiesel produced. It is commonly advised to
use hot distilled water around 40% - 80% of the
biodiesel volume. The biodiesel and water must be
shaking thoroughly and kept for settling. This
processhas to be repeated for several times until the
washed water becomes clear rather than milky
solution. It is also advised to use warm water for
washing for better results.

Study on Various Properties of Biodiesel
Pure vegetable oils cannot be used as fuels

for diesel engines because they have high fuel
viscosity which will effect the compression ignition.
All the vegetable oil’s viscosity are ranging from
10-20 times to those of normal Diesel fuels. Castor
oil is the most viscous oil among vegetable oil that
it is more than 100 times than that of diesel fuel.
Due to their high viscosity and low volatility of
these oils, they do not burn properly and form huge
deposits in the fuel injector of diesel engineswhich
is why they has to be characterised and checked
with parameters of standard biodiesel before using
them [Meneghetti et.al, 2006].

Kinematic viscosity
Viscosity is one of the most important

properties of biodiesel. Due to the presence of the
electronegative oxygen, biodiesel is more polar than
diesel fuel; as a result, the viscosity of biodiesel is
higher than that of diesel fuels.viscosity is the
reverse of fluidity as it has the property to resist the
relative movement tendency of their composing
layers due to the intermolecular forces of attraction.
Viscosity influences the ease of starting the engine,
the spray quality, the size of the particles (drops),
the penetration of the injected jet and the quality of
the fuel-air mixture combustion.

The kinematic viscosity of biodiesel is 10–
15 times greater than that of diesel fossil fuels. This
is because of its large molecular mass and large
chemical structure. In some cases at low
temperatures biodiesel can becomes very viscous or
even solidified [Balat, 2010].

Fuel viscosity has both an upper and a
lower limit. The fuel with a too low viscosity
provides a very fine spray, the drops having a very
low mass and speed. This leads to insufficient
penetration and the formation of black smoke
specific to combustion in the absence of oxygen. A
too viscous biodiesel leads to the formation of too
big drops, which will penetrate to the wall opposite
to the injector.Too high viscosity also causes
operational problems at low temperatures because
the viscosity increases with decreasing temperature
(for temperatures at or below -20 °C viscosity
should be at or below 48 mm2/s).
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Density
Density is the weight per unit volume. Oils

that are denser contains more energy. Density is
measured according to EN ISO 3675/12185 and
ASTM D1298. densitymust be tested at the
temperature reference of 15 or 20oC [Torres-
Jimenez, et.al, 2011] Since density is strongly
influenced by temperature, the quality standards
state the determination of density at 15oC. Some of
the engine properties, such as cetane number,
heating value and viscosity are strongly connected
to density therefore it directly affects fuel
performance. The density of the fuel also affects the
quality of atomization and combustion. The density
of esters depends on the molar mass, the free fatty
acid content, the water content and the temperature.
The density of biodiesel is typically higher than that
of diesel fuel [stvanBarabas, et.al. 2011].
Contamination of the biodiesel significantly affects
its density; therefore density can also be an
indicator of contamination.

Relative density is the density of the
component compared to the density of water. The
relative density of biodiesel is needed to make mass
to volume conversions, calculate flow and viscosity
properties [Sanford, et.al. 2009].

Flash point (FP)
Flash point of a fuel is the temperature at

which it will ignite when exposed to a flame or a
spark. It is the minimum temperature which is
calculated to a barometric pressure of 101.3 kPa at
which the fuel will ignite (flash) with the help of an
ignition source under specific conditions.Biodiesel
have higher flash points than the prescribed limit of
diesel fossil fuel, which is safe for transportation,
handling and storage purposes[Torres-Jimenez,
et,al. 2011]. Usually biodiesel has a flash point
more than 150 ◦C, while conventional diesel fuel
has a flash point of 55–66 ◦C. The flash pointlimit
of ASTM D93 ranges in 93 ◦C and in EN ISO 3679
it is 120 ◦C [Antolín, et.al. 2002]. Combustion is
not directly affected by the flash points. Higher FP
values make fuels safer in case of storage, fuel
handling and transportation [stvanBarabas, et.al.
2011].

Transportation and Storage of Biodiesel
Biodiesel after production can damaged

during distribution without proper care and
attention. They can degrade due to oxidation,
microbial activity or by contact with water.In
general, biodiesel will degrade faster than petro-
diesel. In another sense, this can be considered as a
good thing as a biodiesel spill would biodegrade
quickly and not cause much environmental
problems as compared to petro-diesel spills. They
can also degrade by contact with water. During
storage and transportation process, moisture content
present in the air or water present in the tanks and
pipes of the distribution systemcould damage the
fuel (Van 2002,).

biodiesel should not be stored or
transported in metal containers like copper, brass,
bronze, lead, tin, or zinc because these metals will
fasten the degradation. Instead, containers made
from aluminium, steel, fluorinated polyethylene,
fluorinated polypropylene, Teflon®, or fiberglass
are advised.Biodiesel can be stored in tanks
designed to store and transport petro-diesel without
any problem.The other factor that causes the
biodiesel to degrade quickly are heat, sunlight, and
oxygen therefore storage should minimize exposure
to these conditions.If the biodiesel should have to
be stored for longer period of time, stability additive
should be used mainly in southern climaticregions
due to increased temperature and humidity.The
watercontent in biodiesel can cause acids to form in
the fuel, which can eventually create a hole in the
storage tank (www.articles.extension.org).
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